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Abstract

Background The rescue in vitro mature(Rescue IVM) technique allows the use of immature oocytes collected in
conventional COH to obtain more mature oocytes for fertilization through in vitro maturation. Some studies have
shown that Rescue IVM could improve clinical outcomes in patients undergoing IVF/ICSI, but the effectiveness and
the indications for the clinical application of this technique remain controversial. It remains to be studied whether
Rescue IVM should be universally applied in all conventional IVF/ICSI cycles.

Method This is a large retrospective cohort study that included a total of 22,135 female patients undergoing their
first IVF treatment cycles. The effect of the number of mature oocytes(metaphasell[MIl]) on the cumulative live birth
rate was investigated in a population with routine IVF/ICSI first. The receiver operating characteristic curve(ROC)
analysis was used to explore the cut-off point of the number of MIl affecting CLBR. Secondly, Patients undergoing ICSI
with Rescue IVM were included in the analysis with those who underwent ICSI only during the same period, grouped
according to the MIl cut-off values. Multi-factor binary logistic regression and inverse probability weighting (IPW)
were used to investigate whether Rescue IVM influenced the final cumulative live birth rate(CLBR).

Results The CLBR increased with the number of Mlloocytes (P <0.001). The ROC analysis showed the cut-off point for
the number of Mlloocytes to have a significant effect on CLBR was 9 (sensitivity 0.715, specificity 0.656). Furthermore,
912 patients who underwent ICSI with Rescue IVM were included and compared to those who underwent ICSI

only during the same period, and found Rescue IVM significantly increased the number of available Mlloocytes.

For patients with MIl numbers <9, Rescue IVM significantly improves their clinical pregnancy rate(55.6% vs. 46.7%,
P=0.001) and CLBR(65.4% vs. 48.1%, P <0.001), but not for those patients with MIl numbers > 9.
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Conclusion This study further clarifies the candidates for the application of Rescue IVM technique: patients with an
MIl oocytes <9 in a conventional IVF/ICSI cycle. In contrast, it is not necessary for patients who already have sufficient

mature oocytes(>9), to avoid over-medication.

Keywords Rescue in vitro maturation, Mature oocyte, Cut-off point, Cumulative live birth rate, IVF/ICSI outcome, Live

birth rate, ART treatment predictors

Introduction

In 1978, Robert Edwards et al. collected oocytes by
the natural cycle, performed in vitro fertilization and
embryo transfer (IVF-ET) and successfully delivered a
normal, healthy baby weighing 2700 g [1], in subsequent
decades, more and more infertile couples were benefit-
ing from various types of assisted reproductive technol-
ogy (ART). In China, the total number of babies born
through ART was 311,309 in 2016, accounting for 1.69%
of all live babies [2]. IVF has become an important rou-
tine treatment for infertility. During the development of
ART, controlled ovarian hyperstimulation (COH) is an
important technology to improve the IVF success rate.
COH induces multiple follicle development, and it also
greatly improves the probability of pregnancy in each
cycle [3]. In addition to conventional IVF/ICSI cycles
after ovarian stimulation, Rescue IVM is increasingly
becoming a method of increasing the number of available
embryos, especially in patients with higher than expected
immature oocytes [4]. With the significant progress in
cryopreservation techniques such as vitrification [5],
the number of euploid embryos for embryo transfer
increases, which further affects the overall cumulative
live birth rates(CLBR) [6].

Classic IVM is often defined as the in vitro maturation
of oocytes retieved from follicles at the GV or MI stage
after exposure to exogenous FSH and/or hCG [7]. While
the Rescue IVM refers to the collection of immature
oocytes from conventional IVF/ICSI cycles and culturing
them in vitro to the metaphase II(MII) stage for subse-
quent fertilization and embryo culture [8]. Rescue IVM
can help patients make the most of the immature oocytes
that are often discarded in conventional IVE/ICSI cycles
to obtain more embryos available for transfer, and to
increase live birth rates [9], especially for patients with
low functional ovarian reserve, every additional mature
oocyte or embryo has considerable potential clinical sig-
nificance [10]. The reproductive potential and safety of
oocytes obtained by Rescue IVM remains controversial
[11-14].

The most obvious effect of Rescue IVM is to increase
the number of mature oocytes available. However,
whether more oocytes means better reproductive out-
comes is still debated. In IVF/ICSI treatment, it has been
agreed that the number of oocytes retrieved are predic-
tors of pregnancy [15]. In most studies, it is generally
accepted that 12—18 is the optimal oocytes range for the

highest live birth rate in the fresh IVF/ICSI cycles(fLBR)
[16-18]. In terms of CLBR, the common view is that
cumulative live birth rates steadily increased with the
number of oocytes [19-22], but some studies have also
shown that there is a plateau in CLBR growth as the num-
ber of oocytes increases, meaning that excess oocytes do
not lead to a better CLBR [23, 24]. Meanwhile, studies
have shown that the increasing estradiol levels after COH
cause the damage of endometrial receptivity and affect
the embryo quality, leading to a decrease in CLBR [25,
26].

However, previous studies mainly concentrated on
the relationship between the total number of oocytes
retrieved and the fresh live birth rate(fLBR) or CLBR,
as the total number of oocytes retrieved always reflects
the ovarian response [27]. Nevertheless, in the routine
IVE/ICSI treatment regimens of most medical institu-
tions, MII oocytes are directly used for fertilization and
subsequent embryo culture due to their better fertiliza-
tion and embryonic development ability, while the imma-
ture oocytes(GV or MI) which could have been used by
Rescue IVM are often sacrificed. In the application of
Rescue IVM, there is no consensus on whether patients
who undergo conventional IVF/ICSI can benefit from
Rescue IVM, some studies have concluded that the clini-
cal value of IVM is not as good as conventional IVF/ICSI
at present [28, 29], but there are also studies suggesting
that Rescue IVM improved reproductive outcomes in
women undergoing ICSI [30]. These conflicting conclu-
sions bring up a question: for those patients who already
have enough mature oocytes, is it necessary for them to
undergo Rescue IVM to obtain additional MII oocytes?
We conducted this study to investigate the association
between the number of MII oocytes and the CLBR in
patients undergoing conventional IVF/ICSI, to find the
MII oocytes count threshold affecting CLBR, and verify
whether Rescue IVM could help these “mature oocyte
deficient” patients to achieve better live birth outcomes.

Materials and methods

Study Population

This retrospective cohort study collected data from the
patients at the Reproductive Center of Tongji Hospital,
Tongji Medical College, Huazhong University of Science
and Technology, from January 2015 to December 2019
who underwent their first IVF or ICSI cycle, and patients
undergoing Rescue IVM from January 2016 to December
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2019. The study was approved by the institutional review
board of Tongji Hospital. Individual patient data were
collected from medical records database of Tongji hospi-
tal, including patient demographic characteristics, exam-
ination results, treatment process and outcomes. The
clinical information had been fully anonymized before
analysis.

The exclusion criteria for the study: (1) patients with
oocyte donated or oocyte cryopreserved, (2) patients
who underwent pre-implantation genetic testing (PGT),
(3) patients with remaining frozen embryos without
obtaining a live birth, (4) patients with natural cycle, (5)
patients who failed to obtain MIloocytes. Overall, 22,135
female patients were eventually enrolled, 912 of whom
were treated with Rescue IVM.

Clinical protocols

Populations using three main COH regimens were
included in the study, including (1) the Depot GnRH-
agonist regimen, (2) the Daily GnRH-agonist regimen,
and (3) the GnRH-antagonist regimen. The down-reg-
ulation methods and ovarian stimulation protocols
were performed as described in previous literature [31].
Briefly, the depot GnRH-agonist regimen was admin-
istered with 3.75 mg Triptorelin on the first day of the
menstrual cycle. 150-225 IU rFSH per day was started
28 days later until the human chorionic gonadotropin
(hC@) trigger day. The daily GnRH-agonist regimen was
0.1 mg/d of GnRH-a (Decapeptyl, Ferring, Switzerland,
or Diphereline, Ipsen, Australia) subcutaneously from
mid-luteal phase until pituitary suppression was reached
with gonadotropins (rFSH; Gonal-F, Seron, Switzerland,
or Puregon, Organon, The Netherlands) to start ovar-
ian stimulation, while the dose of GnRH-a was reduced
to 0.05 mg/d until the administration date of hCG. As
for the GnRH-antagonist regimen, recombinant follicle-
stimulating hormone (r-FSH) was started on day 2 or 3 of
the menstrual cycle when the leading follicle reached an
average diameter of 12—14 mm with subcutaneous cet-
rotide acetate (Cetrotide; Merck Serono, Geneva, Swit-
zerland) at a dose of 0.25 mg/d. When the mean diameter
of the 2-3 follicles reached 18 mm, 10,000 IU rhCG (Ovi-
drel; Merck-Serono, Geneva, Switzerland) was injected
to trigger ovulation. Oocytes were obtained by trans-
vaginal ultrasound-guided puncture 36-38 h after hCG
injection. The granulosa cells surrounding the oocytes
were removed using hyaluronidase (Vitrolife, Sweden)
2 to 4 h after egg collection, and the period of time the
oocytes were in was assessed and recorded. ICSI or Res-
cue IVM combined with ICSI was then performed. For
patients undergoing ICSI with Rescue IVM, their imma-
ture oocytes were collected and continued to be cultured
in G1-plus medium (Vitrolife, Sweden) and checked for
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oocyte maturity every 6 h until 24 h. MII stage oocytes
were used for ICSI fertilization.

IVF and embryos culture

Depending on the quality of the sperm, fertilization can
be performed by IVF or intracytoplasmic sperm injection
(ICSI). For rescued IVM-derived MII eggs, ICSI was the
preferred method of fertilization in our center. Oocytes
were incubated in G-IVF medium (Vitrolife, Sweden)
and fertilized 3—4 h after oocyte retieved. Oocytes were
checked for fertilization 16—18 h after fertilization and
were considered successfully inseminated if zygotes with
two pronuclei (2PN) were visible. On day 3 after retrieval
of the oocytes, one or two embryos of the best quality are
transferred. Embryos are scored according to the num-
ber of blastomeres, the homogeneity of the blastomeres
and the number of embryonic fragments at the speed
of embryonic development on day 3 [32]. Blastocysts
were also evaluated with 3 main morphological param-
eters: the stage of development, inner cell mass(ICM),
andtrophoectoderm(TE) [33].

Embryo vitrification and frozen-embryo transfer

The remaining high-quality day 3 embryos or blastocysts
were cryopreserved for subsequent FET cycles. Details
of embryo cryopreservation and frozen-thawed embryo
transfer protocols have been described previously [34].
Our center used endometrial preparation for FET cycles
with natural cycles (NC) or artificial cycles (AC). FET is
performed 3 or 5 days after endometrial transformation,
followed by luteal phase support until the 10th week of
gestation.

Main outcome measures

The primary outcome was the CLBR defined as at least
one live birth either by fresh embryo transfer or subse-
quent frozen-thawed cycle in a complete oocyte retrieval
cycle. Meanwhile live birth means newborns delivered
with at least one of four vital signs: heartbeat, respira-
tion, umbilical cord pulsation, and random muscle con-
traction. The secondary outcome was live birth rate after
fresh cycle.

Statistical analysis

Patient demographic characteristics, ovarian response,
IVE/ICSI treatment characteristics, and pregnancy out-
comes were entered into spreadsheets and used for sta-
tistical analysis. Continuous variables were expressed as
meantSD or median (IQR), and categorical variables
were expressed as percentages.

The characteristics of the live-birth and non-live-birth
populations were described separately. Bar graphs were
used to describe the overall trend of mature oocytes
count with changes in CLBR and fLBR. Patients were
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divided into four groups according to mature oocyte
count: 1-3(Group A), 4-8 (Group B), 9-14 (Group C) or
215 (Group D), one-way analysis of variance (ANOVA),
Kruskal-Wallis test and chi-square test were performed
appropriately for different type of data. Multiple logistic
regression models with CLBR as the dependent variable
were developed to analyze the relationship between dif-
ferent numbers of MII oocytes and CLBR after inclusion
of confounding factors(Logistic regression model results
are presented as ORs with SEs and 95% Cls.). The above
data were analyzed using SPSS(SPSS Inc, version 23, Chi-
cago, IL, USA) for data analysis. The ROC curve analy-
sis was constructed using MedCalc statistical software
(MedCalc version 20.0.26, Mariakerke, Belgium) and the
Youden index was used to determine the cut-off value of
the total number of eggs retrieved and the number of MII
oocytes with respect to the CLBR.

Patients undergoing ICSI with Rescue IVM were
included in the analysis with those who underwent ICSI
only during the same period, grouped according to the
MII cut-off values. The characteristics and treatment
outcomes were compared between different treatment
groups. When further investigating whether Rescue
IVM influenced the final CLBR, we used two probability-
adjusted models, multi-factor binary logistic regression
and inverse probability weighting (IPW), to eliminate the
effect of confounding factors. The results of the models
are expressed as aOR with SEs and 95% Cls. All statistics
were considered statistically significant when the value of
P<0.05.

Institutional Review Board Statement

The study was conducted in accordance with the Dec-
laration of Helsinki, and approved by the Institutional
Review Board (or Ethics Committee) of Tongji Hospital,
Tongji Medical College, Huazhong University of Science
and Technology (IRB ID: TJ-C20211013; 2021.10.23).

Results

Patient characteristics

Of the final 22,135 female patients included in the analy-
sis, Table 1 shows the patients’ characteristics grouped
by ART outcome. 14,694 (66.38%) patients achieved live
births in fresh embryo transfer or frozen-thawed cycles
while 7,441 (33.62%) patients did not after all embryos
were used. In the total population, the average oocyte
maturation rate was 88.12% and the patients’ average age
was 30.9 years, tubal factors were the main cause of infer-
tility (50.1%), and most patients underwent IVF (68.2%)
for fertilization. Women in the live-birth group were
younger than the other group on average (29.97 vs. 32.71)
and had a lower mean basal FSH (7.37 vs. 8.36). Among
the causes of infertility, a higher proportion of the non-
live birth group was diagnosed with DOR (3.8% vs. 8.1%).
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Regarding the number of MII obtained, a higher propor-
tion of the non-live birth group was in group A (1-3)
(24.4% vs. 3.5%) and a lower proportion in group D (=15)
(8.7% vs. 30.7%).

Association between the number of Mil oocytes and LBR/
CLBR

Figure 1 shows the fLBR and CLBR outcomes accord-
ing to the number of MII oocytes. The fLBR initially
increased with the increase in the number of MII oocytes
until the number of MII reached 8, with the LBR 43.7%,
and then reached a plateau (42.6-49.1%) when the num-
ber of MII was 9-14, followed by a decrease. While the
CLBR increased steadily with the increase in the number
of MIloocytes beyond 25, when the cumulative live birth
rate reached 93.0% and there was no obvious plateau
period. The folded line represents the number of patients
who obtained that number of MIIL

To examine the relationship between the number of
MII and CLBR in different age groups, we grouped age
(<30, 30-35, >35 years). The results (Supplemental
Fig. 1) showed that although the overall CLBR decreased
with increasing age, the CLBR showed a positive trend
in relation to the number of MII in the different age
subgroups.

The patients were divided into four groups according
to the number of MIloocytes retrieved, Table 2 presents
the treatment outcome indicators such as oocyte matu-
ration rate, fertilization rate, blastocyst rate, fLBR and
CLBR. The group of patients with more mature oocytes
obtained were younger and with a higher CLBR. Inter-
estingly, the oocyte maturation rate, fertilization rate,
and blastocyst formation rate were also increased with
the number of Mlloocytes, as well as more transferable
embryos (p<0.001). However, there was no significant
difference in Cleavage rate(p=0.994). That seemed to
mean that the patients with high MII numbers also had
better oocyte quality. Whereas the fLBR was significantly
higher in Group C (9-14) than the other three groups
(p<0.001).

Using Multivariable logistic regression to adjust for
confounding factors, Fig. 2 demonstrates the effect of
increasing MII number group on LBR after fresh embryo
transfer and CLBR after adjustment. For CLBR, the ORs
of the MII number 4-8, 9-14, and 215 groups were 3.734
(2.896-4.813), 6.808 (5.277-8.783), and 11.644 (8.934—
15.177) respectively (p<0.001) compare to the control
group(1-3). As for LBR, the ORs of the MII numbers
4-8, 9-14 remained significant compared to the control
group, but did not show a statistically significant differ-
ence when MII number>15(P=0.071).
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Table 1 Patient characteristics by ART outcome
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Characteristic

All patients(n=22,135)

Live birth(n=14,694)

Non-live birth(n=7441)

Age(years) 30.9+4.68 29.97+387 32714552
Duration of infertility (years) 353272 3.34+240 390+3.23
Type of infertility, n (%)

Primary 14,220(64.2%) 9776(66.5%) 4444(59.7%)
Secondary 7915(35.8%) 4918(33.5%) 2997(40.3%)
Cause of infertility, n (%)

Tubal 11,064(50.1%) 7585(51.6%) 3479(46.8%)
Ovulatory 2266(10.2%) 1807(12.3%) 459(6.2%)
Male 3733(16.8%) 2514(17.1%) 1219(16.4%)
DOR 1161(5.2%) 558(3.8%) 603(8.1%)
Endometriosis 1973(8.9%) 1350(9.2%) 623(8.4%)
Uterine disease 568(2.6%) 347(2.4%) 221(3.0%)
Unexplained 1370(6.1%) 533(3.6%) 837(11.1%)
BMI (kg/mz) 21.88+295 21.80+£293 22.09+3.02
Number of mature oocytes, n (%)

1-3 2326(10.5%) 508(3.5%) 1818(24.4%)
4-8 6737(30.4%) 3673(25.0%) 3064(41.2%)
9-14 7910(35.7%) 6002(40.8%) 1908(25.6%)
>15 5162(23.4%) 4511(30.7%) 651(8.7%)
FSH (mIU/mL) 7.71+2.78 737+2.25 836+3.51
P(ng/ml) 0.94+0.71 0.95+0.61 0.92+0.90
Insemination method, n (%)

IVF 15,105(68.2%) 10,177(69.3%) 4928(66.2%)
ICSI 7030(31.8%) 4517(30.7%) 2513(33.8%)
Down-regulation method, n (%)

Long GnRH agonist 8797(39.9%) 6620(45.0%) 2207(29.7%)
GnRH-antagonist 5351(24.3%) 2743(18.7%) 2638(35.4%)
Daily GnRH-agonist 7897(35.8%) 5331(36.3%) 2596(34.9%)
No. of transferred blastocyst, n 1.01+0.83 1.10+0.80 0.84+0.85

Values are expressed as mean+SD for continuous variables and n (%) for categorical variables

DOR=diminished ovarian reserve; BMI=body mass index; FSH=follicle-stimulating hormone; P=Progesterone; ICSI=intracytoplasmic sperm injection;

GnRH=gonadotropin-releasing hormone
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The cut-off point of mature oocyte count regarding CLBR

Figure 3 shows the ROC curve analysis of the number
of Mlloocytes and the total number of oocytes with
respect to the CLBR, and calculated the cut-off values
by Youden index (Supplementary Table 1). The cut-off

value for Mlloocytes was 9 (sensitivity 0.7155, specific-
ity 0.6561) and the total number of oocytes was 11 (sen-
sitivity 0.6707, specificity 0.6793). Supplementary Fig. 2
shows the ROC results on fLBR, however, both the
total number of eggs retrieved(AUC=0.522) and the
Mlloocytes(AUC=0.530) are poor predictors of overall
fLBR. Moreover, we compare the predictive ability of the
number of Mlloocytes and the total number of oocytes
in predicting CLBR, we compared their AUC and found
that the AUC of MII was greater than the AUC of the
total number of eggs retrieved (7.52 vs. 7.36, P<0.0001)
(Supplementary Table 2), suggesting that using MII to
predict CLBR has greater sensitivity and accuracy.

In order to verify whether patients with less than 9 MII
oocytes could increase the cumulative live birth rate by
Rescue IVM, patients were divided by cut-off values into
two groups: MII oocytes<9 and 29 (before Rescue IVM),
and basic patient information (Table 3) and cumulative
treatment outcomes (Table 4) were counted separately.
We found that in both groups, performing Rescue IVM
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Table 2 |VF/ICSI outcome characteristics of the different Mlloocytes group
Group A(1-3 MII) B(4-8 MII) C(9-14 MIl) D(= 15 MIl) P-value
N=2326,10.5% N=6737,30.4% N=7910,35.7% N=5162,23.4%
Fresh live birth rate (%) 318(13.67%) 2462(36.54%) 3597(45.47%) 1510(29.25%) <0.001¢
Cumulative live Birth rate (%) 508(21.84%) 3673(54.52%) 6002(75.88%) 4511(87.39%) <0.001¢
Age(years) 34.48+5.69 31.80+4.83 30.14+4.03 29.25+3.65 <0.001°
Oocytes retrieved 3(2-3) 7(6-9) 13(11-15) 20(18-24) <0.001°
Maturation rate (%) 0.849+£0.225 0.861+£0.154 0.887+0.115 0914+0.087 <0.001°
Fertilization rate(%) 0.724+0.342 0.760+0.223 0.783+0.185 0.806+0.164 <0.001°
Cleavage rate(%) 0.878+0.268 0.9014+0.177 09112+0.138 09124+0.122 0.994°
Blastocyst rate (%) 0.370+0.450 0.539+0.366 0.609+0.281 0.652+0.234 <0.001°
Freeze-all rate (%) 684(29.4%) 1287(19.1%) 1428(18.1%) 2649(51.3%) <0.001¢
Gn duration(days) 9.46+2.23 10.13+£1.96 10.39+1.80 10.57+£1.88 <0.001°
Gn dosage(lU) 2400(1725-3000) 2400(1695-3000) 1950(1405-2550) 1665(1275-2212) <0.001°
Embryos transferable 1(0-2) 2(2-3) 4(2-5) 6(4-8) <0.001°

*Kruskal-Wallis test. Values are Median (IQR).
bOne-way ANOVA. Values are mean+SD.
“Pearson x? test. Values are number (percentage)

Outcome aOR(95%Cl)
1-3(Ref) reference
fLBR
48 |- 1.941(1.538-2.448)
9-15 - 1.987(1.576-2.505)
15 o 0.803(0.633-1.019)
cLBR
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>15 — 11.644(8.934-15.177)
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resulted in a significant increase in the number of MII,
and in patients with MII<9, it also resulted in a signifi-
cant reduction in the proportion of patients whose cycles
were canceled due to lack of available embryos compared
to conventional ICSI (3.9% vs. 12.5%, P<0.001). In terms
of treatment outcomes, Rescue IVM did not appear to
significantly contribute to fresh transfer cycles. However,
after considering FET, patients with Rescue IVM had sig-
nificantly higher rates of implantation, clinical pregnancy
and cumulative live births than controls in the <9 group.
However, in patients with MII numbers>9, Rescue IVM
did not significantly contribute to clinical outcomes.

To exclude the effect of other confounding factors, we
performed binary logistic regression and inverse proba-
bility weighting (IPW) analysis (Table 5). The two models
have similar conclusions. Rescue IVM had no signifi-
cant effect on the live birth rate of fresh cycles in either
group. However, performing Rescue IVM was a signifi-
cantly positive factor in improving CLBR in patient with
MII<9(aOR=2.325 95%CI: 1.698-3.187, P<0.001), but
not in MII > 9 group (aOR=2.291 95%CI:0.922-5.693,
P=0.074).

Discussion
Our results show a significant positive relationship
between the number of mature oocytes and cumula-
tive live birth outcomes in first IVF/ICSI cycle patients,
and find 9 and 11 as the appropriate cut-off point of the
number of MII and total eggs for the CLBR respectively.
Besides, based on a controlled analysis of patients with
and without Rescue IVM, we conclude that Rescue IVM
is effective in helping patients with a mature oocyte less
than 9 to obtain more available mature oocytes, and
resulting in better clinical outcomes.

Quality and quantity of the whole embryos are the two
most important predictors of the cumulative outcome
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Table 3 Patient characteristics of ICSI only and IVM with ICSI patients
Mature oocytes <9 Mature oocytes>9
IVM +ICSI ICsl P IVM +ICSI ICSI P
(n=873) (n=1725) (n=39) (n=2716)
Age (years) 30.0 (27.0~32.0) 31.0(28.0~35.0) <0.001 29 (27~31) 29 (27~31) 0.905
BMI (kg/m?) 216(19.7~23.7) 215(19.7~23.9) 0.931 21.0(19.1~24.0) 21.2(19.5~233) 0.745
Infertility duration(years) 3.0(20~5.0) 3.0(20~5.0) 0312 3.0(2.0~4.0) 3.0(20~4.0) 0.725
Infertility type 0.005 0.366
Primary 637(73.0) 1345 (78.0) 30 (76.9) 2240 (82.5)
Secondary 236 (27.0) 380 (22.0) 9(23.1) 476 (17.5)
Infertility causes <0.001 <0.001
Female 135(15.5) 473 (27.4) 19 (48.7) 535(19.7)
Male 432 (49.5) 479 (27.8) 8(20.5) 1233 (45.4)
Both 211 (24.2) 696 (40.3) 7(17.9) 778 (28.6)
Unknown 95 (10.9) 77 (4.5) 5(12.8) 170 (6.3)
Basal FSH (mIU/ml) 7.1(6.2~82) 76 (64~89) <0.001 6.1 (54~7.1) 6.9 (6.0~7.9) 0.001
AFC 14 (10~20) 10.0 (7.0~15.0) <0.001 220(150~24.0) 16.0(12.0~22.0) <0.001
AMH (ng/ml) 4.8(2.9~8.0) 3.0(1.7~54) <0.001 7.5(5.8~10.9) 6.1(3.9~92) 0.002
COH protocol <0.001 0.765
GnRH-a 681 (78.0) 1107 (64.2) 35(89.7) 2366 (87.1)
GnRH-ant 192 (22.0) 541 (35.8) 4(10.3) 350(12.9)
Gn duration(days) 10.0 (9.0~12.0) 10.0 (9.0~ 11.0) <0.001 11(10~12) 1009~11) 0.051
Gn dosage(lV) 21975 2475.0 <0.001 1823.0 1950.0 0.340
(1650.0~2872.5) (1822.5~3075.0) (1275.0~2423.0) (1485.0~2483.0)
Follicles > 14 mm on hCG day, n 12.0(8.0~15.0) 8.0 (6.0~10.0) <0.001 19.0 (16.0~22.0) 140(11.0~17.0) <0.001
Peak E2(pg/ml) 2444.0 1804.5 <0.001 4788.0 3310 0.002
(1690.3~3707.3) (1271.3~2634.5) (3000.0~5991.0) (2403.0~4925.0)
P on hCG day(ng/ml) 0.8(06~12) 0.7 (0.5~1.0) <0.001 1.0(0.7~1.6) 09(0.7~12) 0.068
Endometrial thickness on hCG day, 11.7(10.0~13.6) 11.6(9.8~134) 0.211 11.8(104~12.8) 12.0(104~13.8) 0336
mm
No. of oocytes retrieved, n 13.0(9.0~17.0) 8.0 (6.0~10.0) <0.001 26 (22~29) 17 (14~21) <0.001
No. of mature oocytes, n
Before VM 2.0(1.0~4.0) 6.0 (4.0~7.0) <0.001 1009~11) 13(11~17) <0.001
After IVM 11.0(8.0~14.0) 6.0(4.0~7.0) <0.001 22 (21~27) 13(11~17) <0.001
Fertilization rate (%) 65.6 674 0.010 624 69.9 <0.001
Blastocyst rate (%) 60.3 55.1 <0.001 63.3 63.3 0.997
No available embryo, n 34 (3.9 215(12.5) <0.001 2(5.1) 59(2.2) 0213

Values are expressed as median (minimum —maximum) for continuous variables and n (%) for categorical variables

in IVF/ICSI [35]. With the total number of oocytes
retrieved after COH, reproductive clinicians can describe
the patients’ ovarian function accurately [27] and thus
predict their IVF/ICSI live birth outcome. However, the
role of immature oocytes is still very limited, the source
of available embryos is mainly from mature oocytes.
Moreover, for a subset of patients with oocyte matura-
tion failure [36], the total number of eggs retrieved is
more difficult to accurately describe their pregnancy
outcome. Compared to previous studies, therefore, our
study paid more attention to the effect of MII oocytes
quantity on IVF/ICSI outcome, as reflected by the CLBR.
Our result is generally similar to the overall tendency
in previous studies about the total number of oocytes
retrieved regarding fLBR or CLBR [16-18, 20-22]. Based
on our data, the fLBR plateaued when the number of MII

reached 8 and decreased after >14. As for the CLBR per
started cycle, the adjusted ORs for CLBR continued to
increase with increasing MII without a plateau period.
There are some differences in our study: firstly, when MII
oocytes was used as the dependent variable instead of
the total number of oocytes retrieved, the fLBR plateau
appeared earlier (plateau in previous studies was mostly
12-18), it is a reasonable difference considering the aver-
age oocyte maturation rate of the total population in this
study (88.12%). Another results in contrast with 2 sin-
gle-center studies is that when using MII data as a basis
for grouping, the group with higher numbers of mature
oocytes had significantly higher oocyte fertilization
rates, rather than decreasing with increasing number of
oocytes retrieved [20, 22], a potential explanation for this
difference is that after removing the effect of immature
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Table 4 |VF/ICSI outcome characteristics of ICSI only and IVM with ICSI patients
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Mature oocytes <9

Mature oocytes>9

IVM +I1CSI ICsl P IVM+ICSI ICsl P
(n=873) (n=1725) (n=39) (n=2716)

Fresh cycle
No. of fresh ET cycles 591 1225 7 1741
Implantation rate (%) 410/838 (48.9) 753/1671 (45.1) 0.067 5/9 (55.6) 1199/2451 (48.9) 0.749
Clinical pregnancy rate, n (%) 333 (56.3) 629 (51.3) 0.046 4(57.1) 1004 (57.7) 1.000
Abortion rate, n (%) 40 (12.0) 65(10.3) 0427 0 113(11.3) NA
LBR per ET, n (%) 293/591 (49.6) 564/1225 (46.0) 0.157 4(57.1) 891(51.2) 1.000
LBR per oocytes retrieval, n (%) 293/873 (33.6) 564/1725 (32.7) 0.657 4(10.3) 891 (32.8) 0.003
FET cycle
Cryopreservation rate, n (%) 692 (79.3) 958 (55.5) <0.001 35(89.7) 2367 (87.2) 0.811
No. of freeze-all cycles 248 (28.4) 285 (16.5) <0.001 30 (76.9) 916 (33.7) <0.001
No. of FET cycles 606 717 39 2169
Implantation rate 393/775 (50.7) 373/914 (40.8) <0.001 37/56 (66.1) 1712/3026 (56.6) 0.155
Clinical pregnancy rate, n (%) 337 (55.6) 335 (46.7) 0.001 28(71.8) 1394 (64.3) 0.331
Abortion rate, n (%) 59 (17.5) 69 (20.6) 0.308 2(7.1) 184 (13.2) 0.569
LBR per FET, n (%) 278/606 (45.9) 266/717 (37.1) 0.001 26 (66.7) 1210 (55.8) 0.175
LBR per oocytes retrieval, n (%) 278/873 (31.8) 266/1725 (15.4) <0.001 26 (66.7) 1210 (44.6) 0.006
Cumulative outcomes
CPR per oocytes retrieval 616 (70.6) 932 (54.0) <0.001 32(82.1) 2230 (82.1) 0.993
CLBR per oocytes retrieval 571 (65.4) 830 (48.1) <0.001 30 (76.9) 2101 (77.4) 0.949
Table 5 Odds ratios and adjusted odds ratios of pregnancy outcomes before and after binary logistic regression and IPW.

Live birth Crude Model? Adjusted Model 1°

n (%) OR (95%Cl) P value Adjusted OR (95%(Cl) P(a) value1
Fresh cycles
Mature
oocytes<9
VM +ICS| 293 (49.6%) 1.152 (0.947 ~ 1.403) 0.157 1.274 (0.863~1.881) 0.222
(n=591)
ICSI (n=1225) 564 (46.0%) Reference Reference
Mature
oocytes=9
VM+ICSIH(n=7) 4 (57.1%) 1.272 (0.284~5.700) 0.753 1.176 (0.243~5.699) 0.840
ICSI(n=1741) 891 (51.2%) Reference Reference
Cumulative live
birth
Mature
oocytes<9
VM +ICSI 571 (65.4%) 2.039(1.723~2413) <0.001 2.325(1.698~3.187) <0.001
(n=873)
ICSI (n=1725) 830 (48.1%) Reference Reference
Mature
oocytes=9
IVM+ICSI(n=39) 30 (76.9%) 0.976 (0461 ~2.066) 0.949 2291 (0.922~5.693) 0.074
ICSI(n=2716) 2101 (77 4%) Reference Reference

2 Covariates: age, infertility type, infertility duration, BMI, FSH, COH protocol, Gn duration, Gn dose, endometrial thickness, number of eggs retrieved, number of
mature oocytes, type of transfer, No. of embryos transferred

b Covariates: age, infertility type, infertility duration, BMI, FSH, COH protocol, Gn duration, Gn dose, number of eggs retrieved, number of mature oocytes

oocytes, the MIloocytes retrieved from the patients with
more Mlloocytes are of better quality. That result also
explains why the number of mature oocytes would have
a more significant effect on CLBR. On the one hand,
patients with more MIloocytes have better oocytes, and

on the other hand, more quantities of MIloocytes and
embryos bring more opportunities to choose the better
embryos for transfer. Results of the ROC curves also ver-
ify this result, that MIloocytes has a stronger sensitivity
and accuracy for CLBR.
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Increasing the number of mature oocytes is the most
obvious effect of Rescue IVM. Based on ROC results
in the conventional IVF/ICSI patient, the cut-off point
of mature oocytes for CLBR is 9. A previous retrospec-
tive study that included 737 cycles concluded that the
minimum MII yield to predict live birth after ART was
6, and more than six mature oocytes did not result in a
significant benefit in the take-home baby [37]. A reason-
able explanation for the difference in cut-off values is due
to the fact that this study only studied live birth rates in
fresh embryo transfer and did not consider the situation
in FETs. To verify our result, we further compared the
treatment outcomes of patients who underwent ICSI only
and ICSI with Rescue IVM, and found that for patients
with MII counts<9, performing Rescue IVM may help
them achieve better clinical pregnancy rates and CLBR,
whereas for patients who already have a high number of
mature oocytes (=9), Rescue IVM will not significantly
improve their treatment outcome.

The large sample size and strict exclusion criteria are
the strengths of this study. Despite the various meth-
ods we have used to reduce the generation of bias, we
still need to acknowledge that this retrospective study
has some limitations. Firstly, the strength of evidence
from retrospective studies is weaker than other forms
of research, such as prospective studies or randomized
controlled trials. Secondly, the data is from a single cen-
ter and considering the heterogeneity of reproductive
hospitals in different regions, the conclusions may lack
evidence of general application. Nevertheless, the conclu-
sions of this study are still of guidance for clinical appli-
cation as well as for further experimental investigations:
from the aspect of clinical application, the number of
MII oocytes is critical to achieving a satisfactory CLBR,
suggesting that reproductive scientists should pay more
attention to increase the oocyte maturation rate rather
than simply increasing the number of oocytes retrieved
through higher doses of gonadotropins. In addition, Res-
cue IVM is a potential rescue method for patients with
a higher than expected percentage of immature oocytes
after routine COH [4]. This study further clarifies the
candidates for the application of Rescue IVM technique:
patients with MII oocytes<9 in a conventional IVF/
ICSI cycle. In contrast, it is not necessary for patients
who already have sufficient mature oocytes, thus avoid-
ing over-medication. However, due to the limitations of
the type of study, we hope that future large prospective
or randomized controlled trials will further validate our
conclusion.

In conclusion, the number of mature oocytes is an inde-
pendent influence of CLBR in infertile patients undergo-
ing IVE/ICSI treatment. After taking into account the
frozen-thawed cycles, a higher number of MII tends to
result in better cumulative live birth outcomes, and the
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appropriate cut-off point for MII oocyte count is 9. For
the patients with less than 9 MII oocyte retrieved, the
additional mature oocytes obtained by Rescue IVM con-
tributed to better clinical outcome, in contrast, patients
with MII oocyte>9 are not necessary for Rescue IVM.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/513048-023-01294-z.

[ Supplementary Material 1 J

Acknowledgements
We sincerely thank the staff who contributed their efforts to collect and
organize the data and participants that provided all help to the study.

Authors’ contributions

Conception and design: JW, JA, XD. Data collection: JW, HJ, LZ. Analysis and
interpretation of data: HJ, JW, ZL. Manuscript writing: JW, XD. All authors were
involved in the editing and approval of the final manuscript.

Funding
This work was supported by the National Key Technology Research and
Development Program of China (2022YFC2702504).

Data Availability
The data generated or analyzed during this study is available from the
corresponding author upon reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Author details

'Reproductive Medicine Center, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, 1095 JieFang Avenue,
Wuhan 430030, People’s Republic of China

“Department of Gynecology and Obstetrics, Tongji Hospital, Tongji
Medical College, Huazhong University of Science and Technology,
Wuhan, Hubei, China

3Department of Obstetrics and Gynecology, Center for Reproductive
Medicine, Guangdong Provincial Key Laboratory of Major Obstetric
Diseases; Guangdong Provincial Clinical Research Center for Obstetrics
and Gynecology; Guangdong-Hong Kong-Macao Greater Bay Area
Higher Education Joint Laboratory of Maternal-Fetal Medicine, The Third
Affiliated Hospital of Guangzhou Medical University, Guangzhou, China
“Key Laboratory for Reproductive Medicine of Guangdong Province, The
Third Affiliated Hospital of Guangzhou Medical University, Guangzhou,
China

Received: 21 July 2023 / Accepted: 2 October 2023
Published online: 22 November 2023

References

1. Steptoe PC, Edwards RG. Birth after the reimplantation of a human embryo.
Lancet. 1978;2(8085):366.

2. BaiF,Wang DY, FanYJ, Qiu J,Wang L, DaiY, Song L. Assisted reproductive
technology service availability, efficacy and safety in mainland China: 2016.
Hum Reprod. 2020;35(2):446-52.

3. Fauser BC, Devroey P, Macklon NS. Multiple birth resulting from ovarian
stimulation for subfertility treatment. Lancet. 2005 May;21-27(9473):1807-16.

4. Escrich L, Pellicer A, Meseguer M. Let’s rescue oocytes: in vitro maturation 2.0
is coming. Fertil Steril. 2018;110(4):638-9.


https://doi.org/10.1186/s13048-023-01294-z
https://doi.org/10.1186/s13048-023-01294-z

Wei et al. Journal of Ovarian Research

20.

(2023) 16:226

Blockeel C, Drakopoulos P, Santos-Ribeiro S, Polyzos NP, Tournaye H.

A fresh look at the freeze-all protocol: a SWOT analysis. Hum Reprod.
2016;31(3):491-7.

Labarta E, Bosch E, Mercader A, Alamé P, Mateu E, Pellicer A. A higher ovarian
response after Stimulation for IVF is related to a higher number of Euploid
embryos. Biomed Res Int. 2017;2017:5637923.

Practice Committees of the American Society for Reproductive Medicine.
The Society of Reproductive biologists and technologists, and the society for
assisted Reproductive Technology. Electronic address: jgoldstein@asrm.org.
In vitro maturation: a committee opinion. Fertil Steril. 2021;115(2):298-304.
Jie H, Zhao M, Algawasmeh OAM, Chan CPS, Lee TL, Li T, Chan DYL. In

vitro rescue immature oocytes - a literature review. Hum Fertil (Camb).
2022;25(4):640-50.

Martin-Palomino Olid N, Garcia D, Rodriguez A, Vassena R. Could fertility
clinics offer a sizable improvement of live birth rates by maturing post-GVBD
oocytes in vitro? J Assist Reprod Genet. 2019;36(9):1927-34.

Lee HJ, Barad DH, Kushnir VA, Shohat-Tal A, Lazzaroni-Tealdi E, Wu YG, Gleicher
N. Rescue in vitro maturation (IVM) of immature oocytes in stimulated
cycles in women with low functional ovarian reserve (LFOR). Endocrine.
2016,52(1):165-71.

Walls ML, Hunter T, Ryan JP, Keelan JA, Nathan E, Hart RJ. In vitro maturation
as an alternative to standard in vitro fertilization for patients diagnosed with
polycystic ovaries: a comparative analysis of fresh, frozen and cumulative
cycle outcomes. Hum Reprod. 2015;30(1):88-96.

Shani AK, Haham LM, Balakier H, Kuznyetsova |, Bashar S, Day EN, Librach

CL, THE DEVELOPMENTAL POTENTIAL OF MATURE OOCYTES DERIVED

FROM RESCUE IN VITRO MATURATION (IVM). Fertil Steril 2023 May
29:50015-0282(23)00539-3.

Fadini R, Mignini Renzini M, Guarnieri T, Dal Canto M, De Ponti E, Sutcliffe A,
Shevlin M, Comi R, Coticchio G. Comparison of the obstetric and perinatal
outcomes of children conceived from in vitro or in vivo matured oocytes in in
vitro maturation treatments with births from conventional ICSI cycles. Hum
Reprod. 2012;27(12):3601-8.

Mostinckx L, Segers |, Belva F, Buyl R, Santos-Ribeiro S, Blockeel C, Smitz J,
Anckaert E, Tournaye H, De Vos M. Obstetric and neonatal outcome of ART
in patients with polycystic ovary syndrome: IVM of oocytes versus controlled
ovarian stimulation. Hum Reprod. 2019;34(8):1595-607.

van Loendersloot LL, van Wely M, Limpens J, Bossuyt PM, Repping S, van der
Veen F. Predictive factors in in vitro fertilization (IVF): a systematic review and
meta-analysis. Hum Reprod Update. 2010 Nov-Dec;16(6):577-89.

Sunkara SK, Rittenberg V, Raine-Fenning N, Bhattacharya S, Zamora J,
Coomarasamy A. Association between the number of eggs and live birth

in IVF treatment: an analysis of 400 135 treatment cycles. Hum Reprod.
2011,26(7):1768-74.

Steward RG, Lan L, Shah AA, Yeh JS, Price TM, Goldfarb JM, Muasher SJ.
Oocyte number as a predictor for ovarian hyperstimulation syndrome

and live birth: an analysis of 256,381 in vitro fertilization cycles. Fertil Steril.
2014;101(4):967-73.

Briggs R, Kovacs G, MaclLachlan V, Motteram C, Baker HW. Can you ever col-
lect too many oocytes? Hum Reprod. 2015;30(1):81-7.

Polyzos NP, Drakopoulos P, Parra J, Pellicer A, Santos-Ribeiro S, Tournaye

H, Bosch E, Garcia-Velasco J. Cumulative live birth rates according to the
number of cocytes retrieved after the first ovarian stimulation for in vitro
fertilization/intracytoplasmic sperm injection: a multicenter multinational
analysis including ~ 15,000 women. Fertil Steril. 2018;110(4):661-670e1.

JiJ, LiuY, Tong XH, Luo L, Ma J, Chen Z. The optimum number of oocytes

in IVF treatment: an analysis of 2455 cycles in China. Hum Reprod.
2013,28(10):2728-34.

Vaughan DA, Leung A, Resetkova N, Ruthazer R, Penzias AS, Sakkas D,

Alper MM. How many oocytes are optimal to achieve multiple live births

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 10 of 10

with one stimulation cycle? The one-and-done approach. Fertil Steril.
2017;107(2):397-404e3.

Drakopoulos P, Blockeel C, Stoop D, Camus M, de Vos M, Tournaye H, Polyzos
NP. Conventional ovarian stimulation and single embryo transfer for IVF/ICSI.
How many oocytes do we need to maximize cumulative live birth rates after
utilization of all fresh and frozen embryos? Hum Reprod. 2016;31(2):370-6.
Chen YH, Wang Q, Zhang YN, Han X, Li DH, Zhang CL. Cumulative live birth
and surplus embryo incidence after frozen-thaw cycles in PCOS: how many
oocytes do we need? J Assist Reprod Genet. 2017;34(9):1153-9.

Magnusson A, Kallen K, Thurin-Kjellberg A, Bergh C. The number of oocytes
retrieved during IVF: a balance between efficacy and safety. Hum Reprod.
2018;33(1):58-64.

Pellicer A, Valbuena D, Cano F, Remohf J, Simon C. Lower implantation rates
in high responders: evidence for an altered endocrine milieu during the
preimplantation period. Fertil Steril. 1996,65(6):1190-5.

Valbuena D, Martin J, de Pablo JL, Remohi J, Pellicer A, Simén C. Increasing
levels of estradiol are deleterious to embryonic implantation because they
directly affect the embryo. Fertil Steril. 2001;76(5):962-8.

Polyzos NP, Sunkara SK. Sub-optimal responders following controlled ovarian
stimulation: an overlooked group? Hum Reprod. 2015;30(9):2005-8.

Ho VNA, Braam 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(6):1055-64.

Vuong LN, Ho VNA, Ho TM, Dang VQ, Phung TH, Giang NH, Le AH, Pham

TD, Wang R, Smitz J, Gilchrist RB, Norman RJ, Mol BW. In-vitro maturation of
oocytes versus conventional IVF in women with infertility and a high antral
follicle count: a randomized non-inferiority controlled trial. Hum Reprod.
2020;35(11):2537-47.

Qin DY, Jiang HH, Yao QY, Yao W, Yuan XQ, Wang Y, Deng TR, Du YY, Ren XL,
Guo N, Li YF. Rescue in vitro maturation may increase the pregnancy out-
comes among women undergoing intracytoplasmic sperm injection. Front
Endocrinol (Lausanne). 2022;13:1047571.

GuoY, Jiang H,Hu S, Liu S, Li F, Jin L. Efficacy of three COS protocols and pre-
dictability of AMH and AFC in women with discordant ovarian reserve mark-
ers: a retrospective study on 19,239 patients. J Ovarian Res. 2021;14(1):111.
Cutting R, Morroll D, Roberts SA, Pickering S, Rutherford A, BFS. Elective single
embryo transfer: guidelines for practice british Fertility Society and Associa-
tion of Clinical Embryologists. Hum Fertil (Camb). 2008;11(3):131-46.

Alpha Scientists in Reproductive Medicine and ESHRE Special Interest Group
of Embryology. The Istanbul consensus workshop on embryo assessment:
proceedings of an expert meeting. Hum Reprod. 2011;26(6):1270-83.

AiJ, Jin L, Zheng, Yang P, Huang B, Dong X. The morphology of Inner Cell
Mass is the strongest predictor of live birth after a frozen-thawed single
embryo transfer. Front Endocrinol (Lausanne). 2021;12:621221.

Cai QF, Wan F, Huang R, Zhang HW. Factors predicting the cumulative
outcome of IVF/ICSI treatment: a multivariable analysis of 2450 patients. Hum
Reprod. 2011;26(9):2532-40.

Beall S, Brenner C, Segars J. Oocyte maturation failure: a syndrome of bad
eggs. Fertil Steril. 2010;,94(7):2507-13.

McAvey B, Zapantis A, Jindal SK, Lieman HJ, Polotsky AJ. How many eggs

are needed to produce an assisted reproductive technology baby: is more
always better? Fertil Steril. 2011,96(2):332-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Cut-off point of mature oocyte for routine clinical application of rescue IVM: a retrospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study Population
	﻿Clinical protocols
	﻿IVF and embryos culture
	﻿Embryo vitrification and frozen-embryo transfer
	﻿Main outcome measures
	﻿Statistical analysis
	﻿Institutional Review Board Statement

	﻿Results
	﻿Patient characteristics
	﻿Association between the number of MII oocytes and LBR/CLBR
	﻿The cut-off point of mature oocyte count regarding CLBR

	﻿Discussion
	﻿References


