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Abstract
Purpose We examinedwhether short-term exposure to in vitro maturation (IVM)medium of cumulus-oocyte complexes (COCs)
from a stimulated cycle increases the yield of metaphase II (MII) oocytes and usable embryos.
Methods Retrospective review of two consecutive autologous IVF/ICSI cycles per patient between 2007 and 2015 in which
cycle 1 did not result in live birth. Patients with short-term exposure of COCs to IVM medium (3–5 h before standard insem-
ination or ICSI) in cycle 2 (treated) were matched 1:4 on %MI and %MII to patients without use of IVM in cycle 2 (untreated).
The proportions of mature oocytes, two pronucleate (2PN) zygotes, number of usable embryos, and clinical outcomes were
compared between groups with regression modeling.
Results The treated (n = 43) and untreated (n = 163) groups had similar demographic characteristics and similarly high propor-
tions of immature oocytes (48.2 vs. 41.3%, respectively) in cycle 1. There were no significant differences between the treated and
untreated groups in the change in %MII (48.1 to 68.9% vs. 50.5 to 72.5%, respectively) or mean number of usable embryos (2.2
to 3.4 vs. 2.0 to 3.3, respectively) from cycle 1 to cycle 2.
Conclusions These findings suggest that short-term IVM incubation of COCs may not provide any additional benefit in patients
with a prior unsuccessful cycle notable for a high proportion of immature oocytes. Further randomized studies are warranted to
determine whether there is a subset of patients who may have improved clinical outcomes with this Brescue IVM^ intervention.
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Introduction

Despite the classic definition of in vitro maturation (IVM) as
the maturation of immature oocytes in vitro after their recov-
ery from follicles not previously exposed to either exogenous
LH or hCG prior to retrieval, exposure of oocytes to IVM
medium of varying duration has now been studied in the con-
text of stimulated cycles in attempts to increase mature oocyte
yield. Although pregnancies from immature oocytes retrieved
from stimulated cycles and exposed to IVM medium were
reported as early as 1997 [1], the clinical efficacy of this in-
tervention has not been well established. Furthermore, prior
literature has varied in its terminology and methodology when
referring to the exposure of oocytes to IVM medium, making
outcomes for variations of IVM medium exposure difficult to
compare [2–5]. Importantly, the various uses of BIVM^ have
recently been discussed and clarified so as to distinguish the
classic definition of IVM from the looser applications of the
term currently used in clinical IVF [5].
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Typically, 70–85% of oocytes from stimulated cycles are
mature (metaphase II, MII stage), with the remainder variably
at prophase I (the germinal vesicle, GV stage) or metaphase I
(MI stage) [6, 7]. Interestingly, some women tend to produce
high numbers of immature oocytes (> 30% oocyte cohort)
despite use of contemporary stimulation and trigger regimens
for clinical IVF. In this challenging population, the yield of
two pronucleate (2PN) zygotes, fertilization, and implantation
rates are typically low [8, 9]. The underlying pathophysiology
of this condition is not fully understood, but abnormal follic-
ular response during growth and potential defects in nuclear
and/or cytoplasmic maturation in response to the ovulatory
trigger likely play a role [10–12].

While completion of meiotic maturation from prophase I to
MII requires approximately 36 h, the time for oocytes re-
trieved as MI to progress to MII after controlled ovarian stim-
ulation appears to take 3–5 h [4, 6, 10, 13, 14]. Attempts have
therefore been made to Brescue^ oocytes retrieved at the MI
stage by exposure of these oocytes to IVM medium. De Vos
and colleagues compared fertilization rate and embryo quality
in embryos from MII oocytes injected immediately after re-
trieval versus those derived from cumulus-free MI oocytes
matured after 4 h in culture [3]. Despite a lower fertilization
rate from the IVM group, the authors concluded that short-
term exposure to IVM medium may be beneficial for women
with a lower yield of mature oocytes after ovarian stimulation
because good quality embryos could be obtained from the
IVM cohort, and one live birth was achieved [3]. However,
other studies, with the limitation of differing methodologies,
have raised questions regarding the overall efficacy of IVM on
the normality of mitochondrial distribution, cleavage rates,
implantation rates, gene expression, and ploidy [2, 4, 15–18].

Despite these potential shortcomings of IVM, rigorous inves-
tigation is lacking of the potential benefit of using short-term
exposure of all retrieved COCs to IVMmedium among patients
with a prior unsuccessful cycle and high proportion of immature
oocytes. Therefore, for several years, our program has adopted
the policy to use this application of IVM in patients who had a
prior unsuccessful IVF cycle often with a high proportion of
immature oocytes in the hopes of improvingmature oocyte yield
in this challenging population. The aim of the present study was
therefore to test the hypothesis that short-term exposure of COCs
to IVM medium prior to ICSI improves laboratory and clinical
outcomes in patients with a prior unsuccessful IVF cycle by
increasing the incidence of mature oocytes and usable embryos.

Methods

IRB approval

This retrospective study was approved by the Partners’
Healthcare Institutional Review Board.

Study design

This study included all patients undergoing autologous IVF or
ICSI cycles at Brigham and Women’s Hospital (BWH) be-
tween 2007 and 2015 with two cycles occurring within 1 year
(cycles 1 and 2), in which cycle 1 did not result in a live birth.
In cycle 2, the treated group included all women who were
selected by their provider to undergo short-term exposure to
IVM medium immediately after oocyte retrieval (treated
group). These women were typically referred to this treatment
due to a high (> 30%) proportion of immature oocytes. Those
untreated underwent conventional IVF/ICSI (untreated group)
with a similar duration of incubation in standard medium be-
fore insemination or preparation for ICSI. The treated group
was matched to the untreated group by %MI and %MII (both
within 5%) in cycle 1; most cycles (n = 34) were matched 1:4,
with the remainder (n = 9) matched 1:3. The cycle outcomes
of patients in the treated group were compared both to their
prior unsuccessful cycle and to outcomes in the matched un-
treated population.

The following cycles were excluded in entirety: gestational
carrier cycles, long-term banking cycles, split IVF/ICSI in-
semination, and donor cycles. PGD/PGS cycles were included
for analyses of laboratory outcome data, but excluded from
analyses of clinical outcomes.

Clinical protocols

Standard controlled ovarian stimulation was performed, in-
cluding luteal down-regulation with leuprolide acetate
(Lupron; TAP Pharmaceuticals, Lake Forest, IL), GnRH an-
tagonist protocols with or without estradiol priming,
microflare, or ovulation induction (OI) per clinical indication
as previously described [9, 19–21]. Cycle monitoring was
performed with serial estradiol measurements and
transvaginal ultrasound to assess follicular development.
When the two lead follicles reached a mean diameter of at
least 18 mm, urinary or recombinant hCG or a dual GnRH
agonist-hCG trigger was administered for final oocyte matu-
ration with retrieval occurring 36–37 h later. Luteal support
was achieved with either IM progesterone (25–100 mg/d, lo-
cally compounded at one of two pharmacies: Village Fertility,
Waltham, MA or Freedom Fertility, Byfield, MA) starting
1 day post-retrieval, or vaginal progesterone once daily
(Crinone 8%, Watson Pharmaceuticals, Parsippany, NJ,
USA), starting 2 days post-retrieval. Support was continued
until a negative pregnancy test or 10-week gestation.

Laboratory protocols

When short-term exposure to IVM medium was not per-
formed (i.e., for cycles 1 and 2 of the untreated group and
cycle 1 of the treated group), COCs were inseminated 4–6 h,
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or injected within 3–5 h of egg retrieval as described previ-
ously [19, 22, 23]. Prior to ICSI, COCs were exposed to
80 IU/mL hyaluronidase (Sigma Aldrich, St. Louis, MO,
USA) for 30 to 60 s and then mechanically denuded using
150-μm stripper pipettes (MidAtlantic Diagnostics Inc.,
Mount Laurel, NJ, USA). Oocyte meiotic status was assessed
after hyaluronidase exposure and cumulus-corona cell remov-
al and prior to injection in cases of ICSI and at the fertilization
check in conventional IVF; oocytes were classified as GV
stage, MI, or MII. Only those oocytes at MII were injected.

Whether inseminated or injected, oocytes were assessed for
pronuclei status at the fertilization check 16–18 h later.
Zygotes with 2PN were incubated in 25 μL drops of growth
medium [G1.2, G1.3 (Scandinavian IVF Science,
Gothenburg, Sweden/Vitrolife, Englewood, CO, USA) or
Global Total (Life Global, CT, USA)] and overlain with
8 mL equilibrated mineral oil (Scandinavian IVF Science,
Gothenburg, Sweden/Vitrolife, Englewood, CO, USA) in
Falcon 1007 culture dishes (Becton Dickinson Labware,
Franklin Lakes, NJ, USA). Gamete and embryo cultures were
maintained at 37 °C either in a humidified atmosphere of 5%
CO2 in air (1/1/2007–5/24/2012) or in an un-humidified at-
mosphere of 5%O2, 6–7%CO2 and balance of N2 (from 5/25/
12 to present). On day 3, embryos were graded for cell num-
ber, fragmentation (scores 0 through 4), and symmetry (scores
1 through 3) using standard criteria as previously described
[24]. Good quality embryos were defined as those with a cell
number greater or equal to 8, fragmentation score of 0 or 1,
and symmetry score of 1 or 2.

Short-term exposure to IVMmedium (i.e., in cycle 2 of the
treated group) consisted of the intact COCs being placed in
SAGE IVM medium (Cooper Surgical, Trumbull, CT, USA)
immediately after retrieval and subsequently incubated for 3–
5 h [9]. The IVMmediumwas supplementedwith 75mIU/mL
FSH and 75 mIU/mL LH. Following this short-term IVM
exposure, handling of gametes was identical to that of the
untreated group.

Outcomes

The primary outcomes compared the treated and untreated
groups for changes from cycle 1 to cycle 2 in %MI, %MII,
and usable embryo yield (i.e., percentage of those embryos
that were transferred or frozen). Other outcomes assessed in-
cluded the total number of oocytes retrieved, number and %
GVs, number of MI and MII oocytes, and number and % of
2PNs. Clinical outcomes included implantation rate (number
of gestational sacs/number embryos transferred) and, of those
cycles resulting in a transfer, the rates of chemical/ectopic
pregnancy, clinical pregnancy (presence of gestational sac),
graduation to obstetrical care (i.e., having a viable fetus at ≥
7 weeks), and live birth.

Statistical analysis

Using SAS (9.3), logistic and linear regressions comparing
cycle 2 outcomes between the treated and untreated groups
were adjusted for patient age, stimulation protocol (antagonist,
Lupron down-regulation, microflare or estradiol priming, or
OI), type of trigger (hCG 5000 IU, hCG 10,000 IU, hCG/
Lupron or Lupron vs. Ovidrel 250 mcg or Ovidrel
500 mcg), number of hours from trigger to retrieval, and
whether ICSI was used. A linear regression was also per-
formed to compare the change in embryology outcomes
across cycles between the treated and untreated groups. A
Kruskal-Wallis test was used to compare distributions of em-
bryo cell numbers between the groups. A Poisson regression
was used to compare implantation rates. P values < 0.05 were
considered statistically significant.

Results

Demographic, clinical, and cycle characteristics

The comparison groups comprised 43 patients, who
underwent conventional IVF/ICSI in cycle 1 and short-term
exposure of COCs to IVM medium in cycle 2, and 163 pa-
tients who did not undergo IVM medium exposure in either
cycle 1 or cycle 2. The demographic characteristics and cycle
characteristics of these two groups of patients are shown in
Tables 1 and 2, respectively. The mean ages and BMIs of the
women in the untreated and treated groups at the time of cycle
1 were similar. More Asian women tended to be referred for
IVM in cycle 2 (18.6 vs. 6.1% in the untreated group). The
most common infertility diagnoses were male factor, unex-
plained, and diminished ovarian reserve with the treated group
having a higher proportion of women with unexplained infer-
tility (treated vs. untreated 34.9 vs. 24.5% in cycle 1; 37.2 vs.
24.5% in cycle 2, Table 1). AMH levels were on average
higher in the untreated group in cycle 1 and cycle 2 (4.3 and
4.4 ng/mL, respectively, vs. 2.7 and 2.6 ng/mL in the treated
group). The stimulation protocols, trigger types, peak estradiol
levels, gonadotropin dosing, and days of stimulation were
similar across groups in each cycle (Table 2). There were
minimal differences in times from trigger to egg retrieval,
hyaluronidase, and ICSI between the groups (Table 2).

Oocyte yield and maturity and usable embryo yield

Oocyte yield and maturity, and proportion of usable embryos
among all four cycles, with corresponding regression coeffi-
cients comparing cycle 2 outcomes, are shown in Table 3.
Total oocyte yield ranged from 10 to 14 oocytes among the
four cycles. The % immature oocytes (GV + MI) retrieved
was similar between treated and untreated groups in cycle 1
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(48.2 ± 15.9 vs. 41.3 ± 18.6%, respectively). There was no
significant difference between the decrease from cycle 1 to
cycle 2 in %MI oocytes observed in the treated and untreated
groups (15.9% decrease 23.9 ± 17.6 to 8.0 ± 9.4% vs. 11.6%
decrease 23.2 ± 17.4 to 11.6 ± 13.6%, respectively).

There was a similar increase in %MII oocytes between
cycles 1 and 2 for both treated (48.1 ± 15.7 to 68.9 ± 20.3%)
and untreated groups (50.5 ± 14.8 to 72.5 ± 21.7%) [linear re-
gression β 1.26 (− 6.7, 8.80)], as well as for %2PN zygotes

[treated 56.8 ± 27.3 to 72.4 ± 23.6% vs. untreated 59.0 ± 32.2
to 67.0 ± 27.9%, linear regression β 8.24 (− 1.73, 18.22);
Table 3 and Fig. 1]. Similarly, the number of usable embryos
in cycle 2 did not differ significantly between the two groups
[treated vs. untreated: 3.4 ± 1.9 vs. 3.3 ± 2.9, respectively, lin-
ear regression β − 0.01 (− 0.99, 0.98); Table 3]. The incidence
of failed fertilization was similar between the treated and un-
treated groups in cycle 2 [2.5 vs. 7.0%, OR 0.17 (0.02-1.52);
Table 4].

Table 1 Baseline demographic
characteristics of the untreated
and IVM treated groups (n = 206)

Untreated group IVM treated group+

Cycle 1 Cycle 2 Cycle 1 Cycle 2
No IVM
(n = 163)

No IVM
(n = 163)

No IVM
(n = 43)

With IVM
(n = 43)

Mean age (years)* 36.8 ± 4.3 37.3 ± 4.3 36.4 ± 4.4 36.9 ± 4.4

Mean BMI (kg/m2)** 25.6 ± 6.2 25.4 ± 6.1 25.9 ± 5.8 26.0 ± 5.8

< 18.5 7 (4.4) 7 (4.3) 1 (2.3) 1 (2.4)

18.5–24.9 89 (56.0) 94 (57.7) 22 (51.2) 21 (50.0)

25.0–29.9 32 (20.1) 31 (19.0) 10 (23.3) 10 (23.8)

30.0–39.9 24 (15.1) 24 (14.7) 8 (18.6) 8 (19.1)

≥ 40 7 (4.4) 7 (4.3) 2 (4.7) 2 (4.8)

Race/ethnicity**

Caucasian 112 (68.7) 113 (69.3) 21 (48.8) 22 (51.2)

Black or African-American 10 (6.1) 10 (6.1) 4 (9.3) 4 (9.3)

Asian 10 (6.1) 10 (6.1) 7 (16.3) 8 (18.6)

Hispanic 8 (4.9) 8 (4.9) 1 (2.3) 1 (2.3)

Other 3 (1.8) 3 (1.8) 1 (2.3) 1 (2.3)

Unknown 20 (12.2) 19 (11.7) 9 (21.0) 8 (18.6)

Diagnosis **++

Tubal factor 19 (11.7) 20 (12.3) 1 (2.3) 1 (2.3)

Uterine factor 7 (4.3) 7 (4.3) 1 (2.3) 1 (2.3)

Endometriosis 11 (6.8) 11 (6.8) 1 (2.3) 1 (2.3)

Ovulatory 17 (10.4) 17 (10.4) 3 (6.7) 2 (4.7)

DOR 47 (28.8) 49 (30.1) 8 (18.6) 9 (20.9)

Unexplained 40 (24.5) 40 (24.5) 15 (34.9) 16 (37.2)

Male 51 (31.3) 50 (30.7) 16 (37.2) 16 (37.2)

Other 27 (16.6) 28 (17.2) 5 (11.6) 5 (11.6)

Gravid 73 (44.8) 85 (52.2) 25 (58.1) 24 (55.8)

Parous 34 (20.9) 34 (20.9) 9 (20.9) 9 (20.9)

D3 FSH (mIU/mL)* 9.0 ± 5.5 9.2 ± 6.0 8.2 ± 4.2 7.8 ± 3.6

D3 estradiol (pg/mL)* 42.1 ± 22.8 40.7 ± 23.1 34.2 ± 23.2 34.4 ± 23.0

AMH (ng/mL)* 4.3 ± 7.7 4.4 ± 7.7 2.7 ± 2.1 2.6 ± 2.1

Cycle number* 1.2 ± 0.5 2.2 ± 0.5 2.0 ± 1.1 3.0 ± 1.1

+Defined by women who undergo IVM in cycle 2

*Values are mean ± SD

**Vales are number (% total)
++ Some women possess multiple diagnoses and thus, these values do not add to 100%
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Day 3 embryo quality

The number of women with at least one good quality D3
embryo in cycle 2 was comparable between the two groups
(treated vs. untreated 53.5 vs. 57.1%), as also was the % good
quality embryos per woman (treated vs. untreated 23.7 vs.
28.3). While the distribution of embryos by cell number was
shifted in favor of higher cleavage stages from cycles 1 to 2 in
both groups (treated, p = 0.008; untreated, p = 0.004; Fig. 2),
the difference in distribution between groups for cycles 1 and
2 did not reach statistical significance (p = 0.06). On average
per woman, the proportion of D3 embryos with ≥ 8 cells in-
creased from 21.5 to 32.2% (p = 0.07) from cycle 1 to cycle 2
in the treated group, vs. from 28.4 to 36.2% from cycle 1 to
cycle 2 in the untreated group (p = 0.03).

Clinical outcomes

Overall, there were no statistically significant differences in
clinical outcomes between the treated and untreated groups in
cycle 2. As shown in Table 4, implantation rates [AOR 1.22
(0.72–2.09), clinical pregnancy rates [AOR 1.27 (0.57–2.84)],
and live birth rates were similar, with 12/14 (30.0%) live births
in the treated group and 42/54 (26.8%) live births in the un-
treated group [AOR 1.33 (0.57–3.11)].

Discussion

This study was undertaken to investigate whether short-term
incubation of COCs in IVM medium to increase mature

Table 2 Cycle characteristics of the untreated group and IVM treated group

Cycle characteristic Untreated group IVM treated group

Cycle 1 Cycle 2 Cycle 1 Cycle 2
No IVM (n = 163) No IVM (n = 163) No IVM (n = 43) With IVM (n = 43)

Stimulation protocol*

Antagonist 40 (24.5) 44 (27.0) 12 (27.9) 18 (41.9)

Lupron down-regulation 79 (48.5) 50 (30.7) 20 (46.5) 13 (30.2)

Microflare or estradiol priming 36 (22.1) 69 (42.3) 9 (20.9) 12 (27.9)

Ovulation induction 8 (4.9) 0 2 (4.7) 0

Peak estradiol, pg/mL** 1843.0 ± 857.4 1959.5 ± 867.5 2016.3 ± 863.6 2204.5 ± 1053.3

Total LH dose, IU 1022.4 ± 1339.9 1554.8 ± 1167.6 1008.1 ± 1097.9 1384.9 ± 1079.4

Total FSH dose, IU 3141.7 ± 2055.4 3293.1 ± 1904.9 2829.1 ± 1881.9 3184.9 ± 1825.5

Days of stimulation 12.7 ± 3.1 12.6 ± 2.4 11.9 ± 2.12 12.6 ± 1.9

Number follicles measured**

< 12 mm 10.2 ± 5.1 10.7 ± 5.1 12.1 ± 4.1 12.6 ± 6.1

12–15 mm 5.7 ± 3.9 6.1 ± 4.1 7.9 ± 4.1 7.4 ± 4.9

16–17 mm 2.0 ± 1.9 2.1 ± 1.6 1.9 ± 1.14 2.3 ± 1.7

≥ 18 mm 2.5 ± 1.5 2.6 ± 1.6 2.3 ± 1.2 2.9 ± 1.4

Trigger type*

hCG 5000 0 (0) 3 (1.8) 0 (0) 2 (4.7)

hCG 10,000 140 (85.9) 141 (86.5) 37 (86.1) 38 (88.4)

hCG/lupron 3 (1.8) 5 (3.1) 0 0

Lupron 1 (0.6) 0 (0) 0 0

Ovidrel 250 mcg 14 (8.6) 10 (6.1) 5 (11.6) 3 (7.0)

Ovidrel 500 mcg 5 (3.1) 4 (2.5) 1 (2.3) 0

ICSI* 82 (50.3) 112 (68.7) 25 (58.1) 34 (79.1)

Time from trigger to retrieval (h)** 36.1 ± 0.5 36.3 ± 0.5 36.2 ± 0.6 36.81 ± 0.6

Time from trigger to hyaluronidase (h)** 41.2 ± 1.1 41.27 ± 1.0 41.8 ± 1.1 42.63 ± 1.1

Time from retrieval to ICSI (h)** 5.06 ± 1.0 4.93 ± 1.1 5.43 ± 0.9 5.85 ± 1.1

*Values are number (% total)

**Values are mean ± SD
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oocyte yield frommetaphase I oocytes improves outcomes for
patients with a prior unsuccessful cycle taking their previous
proportion of immature oocytes into consideration.
Specifically, the study was designed to identify any increases
in the proportion of mature oocytes and usable embryo yield
after 3–5 h of exposure of COCs to IVMmedium, greater than
those seen in a matched untreated group. The 3–5-h duration
of incubation was selected to model the observed length of
progression of human oocytes frommetaphase I to metaphase
II in vitro. Although we did identify increases in each of these

variables in cycles using short-term exposure to IVMmedium,
the increases were small and none was statistically significant-
ly greater than those observed in our match-paired untreated
cohort. These results therefore do not support the hypothesis
that short-term exposure to IVM medium using the protocol
described here is beneficial for a population of women with
previously unsuccessful cycles notable for a high proportion
of immature oocytes.

Prior data indicate that IVM-matured MI oocytes can yield
usable embryos of improved quality over simply injecting

Table 3 Embryology outcomes

Untreated group IVM treated group Linear regression β (95% CI)++ Linear regression
β (95% CI)++**

Cycle 1 Cycle 2 Cycle 1 Cycle 2
No IVM
(n = 163)

No IVM
(n = 163)

No IVM
(n = 43)

With IVM
(n = 43)

Total number oocytes retrieved* 10.4 ± 6.3 10.8 ± 7.2 14.2 ± 6.7 12.9 ± 6.5 1.95 (− 0.43,4.32) 1.17 (− 1.37,3.71)
% GV+/total oocytes 18.1 ± 17.4 13.0 ± 17.0 24.3 ± 17.6 17.5 ± 17.2 4.64 (− 1.13,10.40) 1.14 (− 4.65,6.94)
% MI+/total oocytes 23.2 ± 17.4 11.6 ± 13.6 23.9 ± 17.6 8.0 ± 9.4 − 3.66 (− 8.01,0.69) − 4.43 (− 9.18,0.32)
% Immature oocytes (GVand

MI)+/total oocytes
41.3 ± 18.6 24.5 ± 21.0 48.2 ± 15.9 25.5 ± 19.5 1.00 (−6.03,7.98) −3.28 (−10.58,4.01)

No. MII* 5.5 ± 4.2 7.6 ± 5.2 7.0 ± 4.5 8.5 ± 4.6 0.87 (− 0.82,2.56) 0.71 (− 1.07,2.48)
% MII+/total oocytes 50.5 ± 14.8 72.5 ± 21.7 48.1 ± 15.7 68.9 ± 20.3 − 3.87 (− 11.12,3.38) 1.26 (− 6.7,8.80)
% Other oocytes, any oocyte not a

GV, MI or MII+
8.1 ± 15.0 3.0 ± 7.6 4.7 ± 6.7 5.7 ± 9.1 2.89 (0.22,5.57) 2.02 (− 0.90,4.94)

No. 2PN* 3.1 ± 2.9 5.4 ± 4.2 4.1 ± 3.4 6.3 ± 3.9 0.90 (− 0.50,2.30) 0.72 (− 0.76,2.21)
% 2PN/MII 59.0 ± 32.2 67.0 ± 27.9 56.8 ± 27.3 72.4 ± 23.6 5.22 (− 3.93,14.38) 8.24 (− 1.73,18.22)
No. usable embryos (i.e., frozen or

transferred)*
2.0 ± 1.6 3.3 ± 2.9 2.2 ± 1.4 3.4 ± 1.9 0.11 (− 0.79,1.03) −0.01 (− 0.99,0.98)

% Usable embryos/2PN 76.2 ± 31.6 72.7 ± 28.6 68.1 ± 33.8 67.7 ± 34.0 − 0.04 (− 0.13,0.06) − 0.04 (− 0.15,0.06)

*Values are mean ± SD
+Of total oocytes
++ Comparing cycle 2 outcomes, adjusted for age

**Adjusted for age, stimulation protocol, trigger type, hours to retrieval, and insemination type
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Fig. 1 Difference in percent
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embryo usability from cycle 1 to
cycle 2 for the treated compared
to untreated groups. Compared to
the untreated group, negative
values indicate that there was a
greater decrease in the given
outcome from cycle 1 to cycle 2
in the treated group, while
positive values indicate a greater
increase from cycle 1 to cycle 2
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arrested MI oocytes [2]. This finding is not surprising given
that oocytes must achieve cytoplasmic and nuclear maturity
with their progression to metaphase II before fertilization nor-
mally occurs. However, IVM medium is expensive and pos-
sesses a short half-life, making this procedure not only more
time- and skill-intensive, but also more expensive for the pa-
tient [25]. It remains unclear whether routine use of short-term
IVM in stimulated cycles offers an improvement in clinical
outcomes compared to conventional IVF/ICSI, thereby
warranting these increased costs.

We observed that in a cohort of women matched on %MI
and %MII oocytes in their initial cycle, the use of short-term
IVM in the subsequent cycle was not associated with any
significant changes in the proportion of MI oocytes, MII oo-
cytes, or 2PNs compared to the untreated control group. The
increase in the number of usable embryos from cycle 1 to 2
was also similar between groups, likely attributable to changes
in clinical or laboratory protocols over time. Moreover, there
were no significant differences in embryologic outcomes after
additionally adjusting for follicle size < 16 mm (data not
shown). Of note, the mean percentage of immature oocytes
in cycle 1 of the treated group was 48.2%, far above the typ-
ical 15–30% seen in oocyte cohorts after ovarian stimulation.
Therefore, our results may only be applicable to populations
with an abnormally high proportion of immature oocytes.

There were no differences in the clinical pregnancy and
live birth rates between the treated and untreated groups in
cycle 2, though both variables improved, as anticipated, after
a failure to conceive in cycle 1. The lower implantation rate in

the treated group is consistent with prior findings for MI oo-
cytes exposed to rescue IVM [4] and may be explained by a
study by Walls and colleagues that in vitro matured oocytes
are less likely to reach blastocyst stage [26], although this was
a small study using different IVM protocols from those used
in our study. Interestingly, despite prior reports of lower fer-
tilization rates in in vitro matured oocytes [2, 3], threefold
fewer women in the treated group had failed fertilization in
cycle 2 (2.3 vs. 6.8%). Nevertheless, this difference did not
reach statistical significance, likely due to the relatively small
number of patients in our study population.

At the embryo cohort level, our short-term exposure to
IVMmedium was associated with a significant shift in the cell
number distribution of D3 embryos (p = 0.008), with an in-
crease in ≥ 8 cell embryos (24.7 to 33.4% from cycle 1 to 2,
p = 0.05), suggesting a positive impact on embryo develop-
ment. Although changes in stimulation protocols may have
also influenced these results, this is an important finding that
warrants further investigation given previous reports that em-
bryo quality may be reduced with short-term, as well as ex-
tended, IVM [4, 9]. Ultimately, however, women had similar
proportions of good quality embryos in cycle 2 regardless of
IVM status.

This study has several strengths. First, it examines both
embryologic and clinical outcomes of short-term IVM ex-
posure in a matched cohort of patients with similar base-
line percentages of MI and MII oocytes. Thus, any asso-
ciation between the proportion of MII oocytes and overall
cohort maturity was controlled. Second, cycle 1 served as

Table 4 Clinical outcomes of the
untreated and treated groups in
cycle 2 (n = 198)*

Untreated
group
(n = 158)

IVM
treated
group
(n = 40)

Logistic
regression
OR (95% CI)++

Logistic
regression
AOR (95%
CI)++***

No. patients with failed fertilization
(% total)

11 (7.0%) 1 (2.5%) 0.36 (0.04-2.86) 0.17 (0.02-1.52)

Implantation rate (#sacs/#
transferred)#

23.1% 20.3% 1.14 (0.71–1.83) 1.22 (0.72–2.09)

Cycle outcome

No. freeze-all 8 (5.1%) 2 (5.0%) 0.97 (0.20–4.77) 0.70 (0.10–4.93)

No. with transfer 139 (88.0%) 37 (92.5%) 1.65 (0.46–5.90) 3.26 (0.75–14.24)

No. chemical/ectopic 31 (19.6%) 5 (12.5%) 0.58 (0.21–1.61) 0.59 (0.20–1.75)

No. clinical pregnancy (with sac) 51 (32.3%) 14 (35.0%) 1.11 (0.53–2.32) 1.27 (0.57–2.84)

No. to OB care+ 44 (27.9%) 12 (30.0%) 1.08 (0.50–2.32) 1.30 (0.56–3.03)

No. live birth** 42 (26.8%) 12 (30.0%) 1.14 (0.53–2.45) 1.33 (0.57–3.11)

*PGD/PGS cycles excluded
# Poisson regression used
+ Pregnancies that graduated to OB Care but that have not yet delivered

**Live births, calculated from n = 157
++OR odds ratio, CI confidence interval: comparing outcomes of cycle 2, adjusted for age

***AOR adjusted odds ratio adjusted for age, stimulation protocol, trigger type, hours to retrieval, and insemi-
nation type
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an internal control for each patient, thereby enabling anal-
ysis and comparison of any inter-cycle improvement in
outcomes for both the untreated and treated group. This
design thus facilitated distinction between any benefits
attributable to the IVM treatment per se in cycle 2, com-
pared to improvements resulting from any change in ovar-
ian stimulation regimen, based on response in cycle 1.
Indeed, the improvements occurred despite relatively sim-
ilar total numbers of oocytes retrieved between the cycles,
an outcome that can vary with gonadotropin dosing [27].
Also of note, age, stimulation protocol, trigger type, and
hours from trigger to retrieval were controlled in the anal-
yses as potential confounders that can impact oocyte ma-
turity. Likewise, insemination type was controlled as this
may influence fertilization rates. Third, we used a stan-
dardized short-term IVM protocol: all COCs in the treated
group were consistently placed in IVM (SAGE) medium
for 3–5 h prior to stripping and IVF/ICSI. This protocol is
unique from many previous IVM studies in which the

cumulus cells were removed before exposure to IVM me-
dium [2, 3, 9, 15]. By keeping the COCs intact during
culture, we maintained the normal physiological relation-
ship between the oocyte and its surrounding somatic cells,
which is known to be critical for acquisition of oocyte
developmental competency [10, 11, 28].

Our study also has several limitations. Since IVM is not
routinely used at our institution, a relatively small number of
IV cycles were available for our study inclusion, limiting the
power of this study. The data were also drawn from a wide
range of years during which changes in stimulation protocols
occurred that could not be controlled for in our analyses, al-
though every effort was made to match cycles by date of
retrieval. Furthermore, there were no significant differences
in average year of treatment between the untreated and treated
groups (data not shown). We included both conventional IVF
and ICSI cycles, which were controlled for in our analyses;
however, our embryo quality and clinical findings are not
specific to one fertilization method. Other than accounting
for age, ovarian reserve was not controlled, and on average,
the AMH levels were lower in the treated group, though still
well within normal range. Moreover, we could not account for
provider bias in referring patients for short-term IVM, al-
though our rigorous matching criteria ensured that the propor-
tion of immature oocytes in cycle 1 was not significantly dif-
ferent between groups. Finally, despite similar demographic
characteristics and ovarian stimulation protocols for the treat-
ed and untreated groups in each cycle, underlying infertility
diagnoses and resulting prognosis could not be controlled.

In conclusion, our findings demonstrate that in a popula-
tion of women with a prior unsuccessful IVF cycle and an
elevated proportion of immature oocytes despite ovarian stim-
ulation and use of an ovulatory trigger, short-term exposure of
COCs to IVM medium does not appear to be beneficial in the
subsequent cycle, based on the similar yield of mature oo-
cytes, zygotes, and good quality D3 embryos compared to
conventional handling of COCs in our program. These results
therefore do not support use of short-term exposure of COCs
to IVM medium in this group of patients. Further work is
required to examine application of this Brescue IVM^ ap-
proach in a larger study population, as well as to determine
whether there is a subset of patients who may have improved
clinical outcomes with this intervention.
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Fig. 2 Comparison of distributions of day 3 embryos by cell number
between cycles 1 and 2 for untreated and treated (IVM) groups.
Distributions for the untreated (unexposed) group are shown in a; those
for the treated (IVM) group are shown in b. Embryo distributions in cycle
1 are shown in light blue columns; those in cycle 2 are shown in dark blue
columns. Statistically significant differences in cell number distributions
from cycle 1 to cycle 2 were observed in both untreated (p = 0.004) and
treated (p = 0.008) groups. A trend towards different cell number
distributions between the untreated and treated groups was observed in
cycle 2 (p = 0.06)
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