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Background: The association between cumulative live birth rate  (CLBR) and 
oocyte aspiration in the context of maternal age is not well understood in the 
Indian  population. Aims: To find the relationship between CLBR and a single 
oocyte aspiration. Settings and Design: This is a retrospective study analysing 
the data of 1989 women who underwent in  vitro fertilisation  (IVF) between 
January 2015 and December 2019, at Gunasheela Surgical and Maternity Hospital, 
India. Materials and Methods: Participants were divided into two groups based 
on age: ≤35  (group  I, n  =  1665) and  >35 (Group  II, n  =  324). CLBR per single 
oocyte aspiration in fresh and subsequent three frozen embryo transfer cycles 
was estimated. Statistical Analysis Used: Logistic regression analysis was 
used to show the likelihood of pregnancy rate, and CLBR per aspiration after 
treatment was represented as odd’s ratios  (OR) with 95% confidence intervals. 
Results: Maximal CLBR for Groups  I and II was 81.25% with  >25 oocytes and 
75% with 16–20 oocytes, respectively. In the fresh ET cycle, maximal pregnancy 
and live birth rates were observed in 6–10 oocytes for Group  I  (54% and 41%) 
and in 16–20 oocytes for Group  II  (75% and 75%). The ORs for pregnancy 
rate  (P  =  0.01) and CLBR  (P  =  0.007) increased with an increase in the number 
of oocytes retrieved. The ORs for pregnancy rate and CLBR for Group  II were 
0.68  (P  =  0.002) and 0.58  (P  =  0.00002), respectively as compared to Group  I. 
Optimal oocytes required to achieve positive IVF outcomes in fresh/frozen 
ET cycles were low in Group  I  (6–10 oocytes), but higher in Group  II  (16–20 
oocytes). Conclusion: Robust positive relationship was observed between the 
number of oocytes retrieved and CLBR in women of both age groups.
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technology  (ART) has risen significantly among women 
of advanced reproductive age. Among Indian women 

Introduction

In recent times, a shift in child‑bearing age to late 
thirties and early forties has been observed in a 

greater proportion of women opting to start a family, 
owing to professional and financial considerations, as 
well as the availability of effective contraception options. 
Consequently, the demand for assisted reproductive 
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undergoing in  vitro fertilisation  (IVF),[1] the association 
between cumulative live birth rate  (CLBR) and oocyte 
aspiration in the context of maternal age is not well 
understood. The landscape of CLBR has changed with 
the introduction of single ET strategies. Evidently, CLBR 
from fresh and all frozen embryo transfer  (FET) cycles 
following a single controlled ovarian stimulation  (COS) 
has become an important parameter of success for 
ART.[2] Consequently, the relationship between the 
number of oocytes retrieved and CLBR may assist 
clinicians in accurate individual counselling.

The aim of this study was to present a comparative 
evaluation of CLBRs per single oocyte aspiration in 
women from different age groups.

Subjects and Methods
Study design
This retrospective observational study included 1989 
women between 20 and 40  years of age undergoing 
IVF/intracytoplasmic sperm injection  (ICSI) cycles 
between January 2015 and December 2019 at Gunasheela 
Surgical and Maternity Hospital, India. Data for this study 
were analysed from the hospital medical records. The study 
was approved by the Institutional Ethics Committee (study 
number: EC/QA/17/2020; approved via letter number: 
IEC/0040/2021). Patient consent was waived as this was a 
retrospective study. The study adhered to the principles of 
the Helsinki Declaration (2013).

Eligibility criteria
The subjects were stratified into two groups, 
based on maternal age  (younger  [≤35  years] and 
advanced  [>35  years]). Each group was further 
divided into six subgroups depending on the number 
of oocytes obtained in a single oocyte aspiration cycle 
(≤5, 6–10, 11–15, 16–20, 21–24, and >25).

Patients were excluded from the study if they had planned 
to undergo donor oocyte cycles, in  vitro maturation 
cycles, preimplantation genetic screening/diagnosis, 
embryo pooling cycles and ICSI cycles using testicular 
sperm aspiration.

Treatment protocol
Control ovarian stimulation and ovum‑pickup
Patients received daily injections of recombinant 
human follicle‑stimulating hormone  (r‑hFSH‑alfa 
[Gonal-f®, Merck Healthcare KGaA, Darmstadt, 
Germany]) starting on day 3 of their menstrual cycle 
based on age, anti‑mullerian hormone  (AMH), antral 
follicle count  (AFC) and body mass index  (BMI). 
Depending on the ovarian response, human menopausal 
gonadotropin  (hMG/IVF‑M™; Cipla, LG Chem Ltd, 
Korea) was added. Further doses were tailored for 

each patient post day 6 of stimulation based on serum 
estradiol  (E2) levels and follicular sizes were screened 
using a transvaginal ultrasound  (TVS). On dominant 
follicles reaching  >14  mm diameter or E2  >250  pg/
mL, a gonadotropin‑releasing hormone  (GnRH) 
antagonist was started  (Ganirelix 0.25  mg SC; 
Orgalutran, N.V. Organon, The Netherlands) and 
continued till the ovulation trigger. Serum hormone 
levels  (E2), luteinising hormone  (LH) and follicular 
size were monitored. Ovulation was triggered when 
3–4 follicles in each ovary reached  >17  mm diameter 
with either recombinant human choriogonadotropin 
alfa  (r DNA hCG) (ovitrelle, 250 µg SC; Merck Serono 
Modugno, Bari, Italy) or injecting GnRH agonist 
trigger (leuprolide acetate,  [Luprofact™4 Zydus Cadila 
Healthcare Ltd, Ahmedabad, India]) in case of hyper 
response. The ovum pick‑up  (OPU) procedure was 
performed 36  h post‑trigger using TVS, under general 
anaesthesia. A  16 G single‑lumen OPU needle (Cooks 
Medical®, Ovum Aspiration Single Lumen Needle) 
was used to aspirate follicles from the ovaries with the 
suction pressure maintained at 100 mmHg.

In vitro fertilisation/intracytoplasmic sperm injection 
and fresh embryo transfer
Collected oocytes were inseminated by conventional 
IVF or ICSI with semen collected from partner and 
embryos were cultured up to day 5 (blastocyst stage). In 
patients with no risk of hyperstimulation, a fresh ET was 
performed and the surplus embryos were cryopreserved. 
In case of patients at risk with hyperstimulation 
(≥15 eggs and high oestrogen levels >2500 pg/mL on the 
day of final oocyte maturation triggering), all embryos 
were frozen and transferred in subsequent FET cycles.

Endometrial preparation in frozen embryo transfer
Patients received E2 valerate  (2  mg, Progynova, Bayer 
HealthCare Pharmaceuticals LLC, Berlin, Germany) 
tablets starting from day 3 of their menstrual cycle and 
increased serially up to 8 mg/day to induce endometrial 
growth, which was monitored by ultrasound scanning. 
When the optimal thickness of the endometrium 
of 8  mm was reached, thawing and transferring 
of frozen blastocysts were carried out. Vaginal 
progesterone  (Progesterone Soft Gelatin Capsules 
400  mg, Gestone, Ferring Pharmaceuticals, Saint-Prex, 
Switzerland) was given for luteal support.

Outcome measures
The primary outcome was to calculate CLBR per 
single oocyte aspiration in fresh and subsequent three 
FET cycles performed in all subgroups. The secondary 
outcome was to estimate the optimal number of oocytes 
required for a successful live birth in younger and older 
women.
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Statistical analysis
The potential predictors considered for the analysis 
were mean age, mean BMI, mean AMH, mean AFC, 
mean follicle‑stimulating hormone  (FSH), mean LH, 
mean gonadotropin dose, mean days of stimulation, 
peak E2 on the day of trigger, mean mature eggs  (M2), 
maturation rate, fertilisation rate, cleavage rate, mean 
number of embryos/fresh ET, mean number of frozen 
embryos, cumulative pregnancy rate, CLBR and 
abortion rate/transfer. Variables showing a significant 
association with the outcome were considered for the 
final regression model.

All the continuous variables were expressed as mean 
and the categorical variables as count and percentage. 
Pregnancy rates, live birth rates, CLBR, total pregnancies 
and live births were calculated and expressed as 
percentages. Logistic regression analysis was performed 
to identify the likelihood of pregnancy rate and CLBR 
per aspiration after treatment was represented as odds 
ratios  (ORs) with 95% confidence intervals  (95% CI). 
P  values were calculated using two‑sided tests and 
P  <  0.05 was considered to be statistically significant. 
The distribution of oocyte yield and positive pregnancy 
in each cycle was calculated in different age groups. 
Data were consolidated using MS Excel software and all 
statistical analyses were carried out using   R-statistical 
software, version 4.0.2, R Foundation for Statistical 
Computing, Vienna, Austria.

Results
Patient baseline characteristics
Following the planned inclusion and exclusion 
criteria, 1989 women were included in the analysis. 
Baseline characteristics, summarised in Table  1, were 
comparable with respect to age, BMI, fertilisation 
rate, number of mature eggs, abortion rate and other 
clinical parameters. Patients  (n  =  1989) categorised 
into age groups  ≤35  years  (Group  I, n  =  1665) 
and >35 years (Group II, n = 324) were stratified into ≤5, 
6–10, 11–15, 16–20, 21–25 and  >25 oocyte subgroups. 
The mean age of women commencing ART treatment 
ranged between 28 and 30 years in Group  I and 37 and 
38  years in Group  II. Fresh ETs were observed in all 
oocyte subgroups except >25 oocyte subgroup in Group I 
and 21–25 oocyte subgroup in Group  II. Gonadotropin 
dose was considerably higher in women under Group  II 
as compared to Group I [Table 1]. Miscarriage rates were 
the highest in Group  II across all the oocyte subgroups 
when compared to Group I [Table 1].

Fresh pregnancy rates and live birth rates in 
study participants
Overall, 1221 women in Group  I and 247 women in 
Group  II underwent fresh ET. Positive pregnancies 
observed in Group  I and Group  II were 602  (49.30%) 
and 103  (41.70%) while, live births were found to 
be 453  (37.10%) and 65  (26.32%), respectively. The 
highest pregnancy rates for Group  I were observed to 
be 54%  (6–10 oocyte subgroup) and for Group  II were 
75%  (16–20 oocyte subgroup). Similarly, the highest 
live birth rate  (41%) was observed in the 6–10 oocyte 
subgroup of Group I and 75% in 16–20 oocyte subgroup 
for Group II. However, no positive pregnancies and live 
birth rates were reported in the >25 oocyte subgroup of 
Group I and from 21 to 25 oocyte subgroups in Group II 
as none of the women had undergone fresh ET cycle. 
There were no patients who produced  >25 oocytes in 
Group II [Table 2].

Cumulative live birth rate in study participants
CLBR in 1665 patients of Group I who had fresh/frozen 
ET was observed to be 47.45%. In Group II, 324 patients 
had fresh/frozen ET and CLBR was observed to be 
32.72%, which was lower than Group  I. Highest CLBR 
for Group  I was observed to be 81% for  >25 oocyte 
subgroup and 75% in Group  II for the 16–20 oocyte 
subgroup. An increase in CLBR with the retrieval 
of additional oocytes was observed in women under 
Group  I. In the case of women under Group  II, an 
increase in CLBR was observed up to 16–20 oocyte 
subgroup followed by a reduction in the higher oocyte 
subgroups  [Figures  1 and 2]. CLBR was not recorded 
in  >25 oocyte subgroup of Group  II as none of the 
patients produced >25 oocytes.

Logistic regression analysis
In the multivariate regression model, a significant 
increase in pregnancy rate and CLBR per aspiration 
was observed in the oocyte subgroups. For analysis, 
the  ≤5 oocyte subgroup was used as a reference. 
OR for pregnancy rate significantly increased from 
1.66 (95% CI 1.34 to 2.04; P  =  0.000002) to 2.11 
(95% CI 1.61–2.76; P  =  0.00000005),  2.89 (95% CI 
1.89–4.54; P  =  0.000001), 3.16  (95% CI 1.51–7.25; 
P = 0.003) to 4.64 (95% CI 1.48–20.36; P = 0.01) in the 
oocyte subgroups  6–10, 11–15, 16–20, 21–25 and  >  25 
respectively.

The ORs for CLBR significantly increased 
from 1.45  (95% CI 1.17–1.79; P  =  0.0006) to 
1.77 (95% CI 1.36–2.30 ; P  =  0.00002), 2.21 
(95% CI 1.48–3.33; P  =  0.0001), 3.63  (95% CI 
1.78–7.84; P  =  0.0005) to 4.82  (95% CI 1.66–17.42; 
P = 0.007) in the oocyte subgroups 6–10, 11–15, 16–20, 
21–25 and  >25, respectively. The ORs of pregnancy 
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rate and CLBR for Group  II were lower compared to 
Group  I  (0.68  [95% CI 0.54–0.87; P  =  0.002] and 
0.58  (95% CI 0.45–0.75; P  =  0.00002]) when Group  I 
was used as reference [Table 3].

Distribution of oocyte yield
The distribution of the number of oocytes retrieved 
differed between age groups  I and II. Table  3 shows 
the distribution of oocytes yield and the distribution of 
aspirated oocytes is graphically depicted in Figure  3. 
The median number of matured oocytes retrieved 
was higher in Group  I  (8 oocytes) as compared to 
Group  II  (6 oocytes). The frequency of distribution of 
mature oocytes was also significantly higher in women 
under Group  I  (maximal frequency  >150) as compared 
to that of Group II (maximal frequency >35) [Figure 3].

Table 1: Baseline characteristics of study participants
Parameter Oocyte subgroups

Group I Group II
<5 6-10 11-15 16-20 21-25 >25 <5 6-10 11-15 16-20 21-25

n 509 695 309 103 33 16 131 130 49 12 2
Mean age (years) 30.68 29.93 30.16 29.73 28.91 29.81 38.19 37.90 37.24 37.17 38.00
Mean AMH (ng/ml) 2.80 4.00 4.93 6.62 7.14 7.96 1.51 2.35 3.30 4.36 4.52
Mean BMI (kg/m2) 25.74 26.02 26.69 25.95 25.79 26.00 27.15 27.13 26.40 28.72 22.05
Mean FSH (IU/ml) 6.96 5.99 5.69 5.28 4.90 5.13 6.97 6.25 5.53 5.14 2.31
Mean LH (IU/ml) 4.90 5.23 5.51 5.76 5.93 11.04 4.42 4.36 4.69 4.12 0.82
Peak E2 (pg/ml) 1280.65 1811.61 2219.39 2959.43 2896.81 2636.13 303.89 1784.40 2339.89 2497.64 14.50
Mean AFC (mm) 6.38 7.98 10.61 13.30 15.52 15.88 5.15 5.32 7.83 13.55 18.00
Mean Gn dose (IU daily) 2169.42 1925.85 1809.44 1579.21 1885.94 1289.03 3131.39 2506.29 2058.89 2271.59 2975.00
Mean days of stimulation 8.54 8.13 8.04 7.52 7.67 7.56 8.89 8.49 7.73 7.42 8.50
Mean M2 eggs 3.59 7.89 12.67 17.54 22.70 29.69 2.71 7.68 12.39 17.33 22.50
Maturation rate (%) 59.64 74.67 80.62 79.53 84.92 84.97 71.86 80.24 80.83 84.21 78.94
Fertilization rate (%) 78.51 71.56 67.87 63.81 62.08 62.32 88.73 68.87 69.85 51.92 88.89
Cleavage rate (%) 97.77 97.66 97.74 97.05 98.28 96.62 30.19 97.24 95.05 96.29 40
Mean number of embryos/fresh ET 1.77 1.84 1.68 1.25 1.40 NA 0.95 1.90 1.86 1.75 NA
Mean number of frozen embryos 0.90 2.80 5.30 7.61 9.64 12.31 0.61 2.14 4.86 7.33 9.50
Cumulative pregnancy rate (%) 48.33 66.04 72.17 76.70 84.85 93.75 49.62 43.85 59.18 100 50
CLBR (%) 36.74 49.21 53.07 57.28 75.76 81.25 33.59 26.15 36.73 75 50
Abortion rate/transfer (%) 9.63 13.67 13.59 15.53 6.06 6.25 13.74 15.38 20.41 16.67 0
Group I: ≤35 years age, Group II: >35 years age. AFC=Antral follicle count, AMH=Anti‑Müllerian hormone, BMI=Body mass 
index, E2=Estradiol, FSH=Follicle stimulating hormone, Gn=Gonadotropin, LH=Luteinizing hormone, n=number of participants, 
CLBR=Cumulative live birth rate, ET=Embryo transfer, NA=No fresh ET, M2=Mature eggs

Table 2: Association of fresh pregnancy rate and 
livebirth rate with number of oocytes retrieved and age

Number of 
oocyte retrieved 
(subgroups)

Pregnancy rate (%) Live birth rate (%)
Group I Group II Group I Group II

≤5 42 39 32 55
6-10 54 37 41 24
11-15 52 62 39 34
16-20 46 75 25 75
21-25 20 0 20 0
>25 0 0 0 0
Group I: ≤35 years age, Group II: >35 years age

The highest positive pregnancy was observed in fresh 
ET followed by FET 1  cycle in both age groups. In 
Group  I, FET 1  cycle had higher positive pregnancy 
in women with 11 up to  >25 oocytes as compared to 
women in the same subgroups with fresh ET. Women 
in both age groups had low positive pregnancy in 
FET 3 and FET 4  cycles with no pregnancy in most 
of the oocyte subgroups. No positive pregnancies 
were reported from FET 3  cycle onwards in women 
in Group  II, which could be attributed to the low 
number of patients in this group, and hence, cannot 
be accurately commented up on. Overall positive 
pregnancy for women under age groups  I and II was 
602 and 104 in fresh ET, 438 and 61 in FET cycles, 
respectively [Table 4].

Cumulative pregnancies and live births in fresh 
and frozen embryo transfer
Women in both groups underwent fresh and subsequent 
FET in terms of three different patterns and reported 
differential percentages of cumulative pregnancies and 
live births. In Pattern I, women in both groups did not 
undergo fresh ET but, subsequently underwent FETs. 
In Pattern II, women in both Groups I and II underwent 
fresh ET which resulted in negative pregnancies and 
so underwent subsequent FETs. According to Pattern 
III, women in both groups underwent fresh ET, 
which resulted in positive pregnancies but resulted in 
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negative live births. Therefore, they had undergone 
FET cycles.

Women in Groups I and II reported the highest cumulative 
pregnancies  (81% at  >25 oocyte subgroup and 88% at 
16–20 oocyte subgroup) and live births (75% at 21–25 
oocyte subgroup and 63% in 16–20 oocyte subgroup), 
respectively in Pattern I. None of the women in Group II 
produced  >25 oocyte. In Pattern II, women in Groups  I 
and II reported maximal cumulative pregnancies (50% 
at  >25 oocyte subgroup and 100% at 16–20 oocyte 
subgroup) and live births  (38% and 100% in 16–20 

oocyte subgroup), respectively. Cumulative pregnancy 
rates were 100% in women in Groups I and II in Pattern 
III  (≤5–16–20 oocyte subgroups and  ≤5–11–15 oocyte 
subgroups) and live birth rates were 13%  (11–15 oocyte 
subgroup and 6–10 oocyte subgroup), respectively.

In Pattern III, women who underwent fresh/frozen ET 
cycles in both groups reported maximal cumulative 
pregnancies; however, owing to the smaller sample 
size, no definite conclusions could be drawn. Maximal 
cumulative live births were reported in Pattern I in both 
groups who underwent FET cycles [Table 5].

Figure 1: Flowchart of association of CLBR (both fresh ET and FET) with number of oocytes retrieved and age. ET = Embryo transfer; Group I: 
≤35 years age; Group II: >35 years age, CLBR = Cumulative live birth rate, FET = Frozen embryo transfer
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Discussion
In the current retrospective study, we sought to 
establish the impact of the number of oocytes retrieved 
on pregnancy rate, live births and CLBR in women 
undergoing ART stratified according to age. During 
the 5‑year study duration, a total of 1989 women who 

underwent fresh/FETs were screened for positive IVF 
outcomes. The study demonstrates a robust positive 
relationship between the number of oocytes retrieved 
and pregnancy rates, live births and CLBR in women 
undergoing IVF/ICSI cycles.

Following are the key findings of this study:
i.	 Cumulative pregnancy and live birth rates in fresh/FET 

were higher for women  ≤35  years  (Group  I) when 
compared to women >35 years (Group II), indicating 
a positive association between maternal age and 
outcomes of ART

ii.	 Increase in the number of oocytes retrieved 
significantly increased the pregnancy 
rate  (P  =  0.018) and CLBR  (P  =  0.007) in  >25 
oocytes subgroup, establishing a positive association 
of both CLBR and pregnancy rates with the number 
of oocytes retrieved

iii.	CLBR increased with every additional oocyte among 
women of Group I compared to Group II.

A consistent increase in the pregnancy rate was observed 
in Group I (≤35 years of age) with an increase in oocyte 
number up to 6–10 oocytes, following which a reduction 
in pregnancy rate was observed in cycles with fresh ET. 
However, this pattern was different in Group II showing 
a linear increase in pregnancy rate with each additional 
oocyte retrieval in cycles with fresh ET. This points to 
the linear association between the number of oocytes 
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Figure 2: Association of CLBR with number of oocytes retrieved and 
age. CLBR = Cumulative live birth rate

Table 3: Correlation between pregnancy rates and 
cumulative live birth rate with number of oocytes 
retrieved and age, and distribution of oocyte yield

Predictors OR 95% CI P
Pregnancy rate logistic regression analysis

Oocyte subgroups
≤5 1
6-10 1.6552 1.3434-2.0411 0.000002*
11-15 2.1051 1.6126-2.757 0.00000005*
16-20 2.8947 1.8865-4.5382 0.000001*
21-25 3.1631 1.5101-7.2528 0.003*
>25 4.6336 1.475-20.3648 0.01*

Age group
Group I 1
Group II 0.6822 0.535-0.8695 0.002*

CLBR logistic regression analysis
Oocyte subgroups

≤5 1
6-10 1.4477 1.1706-1.7923 0.0006*
11-15 1.7688 1.3587-2.3047 0.00002*
16-20 2.2131 1.4797-3.3275 0.0001*
21-25 3.6263 1.7813-7.8443 0.0005*
>25 4.8217 1.6564-17.4165 0.007*

Age group
Group I 1
Group II 0.5808 0.4491-0.7473 0.00002*

Distribution of oocyte yield statistics (M2)
Age group (years) n Median IQR
≤35 1665 8 6
>35 324 6 7
*Significant results. Group I: ≤35 years age, Group II: >35 years 
age. CI=Confidence intervals, IQR=Interquartile range, 
M2=Mature oocytes, n=Number of patients, OR=Odds ratio, 
CLBR=Cumulative live birth rate

Figure  3: Distribution of oocyte yield in age groups  (a) Group  I  (b) 
Group II

b

a
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retrieved and pregnancy rate with advanced maternal 
age. In this study, pregnancy rates obtained were higher 
than in other studies, even for advanced maternal age. 
Studies by Vaughan et  al.[3] included women up to 
the age of 46  years and showed a pregnancy rate of 
41.3% in ≥15 oocyte subgroup. Previous studies.[4,5] had 
shown that the pregnancy rates doubled when women 
produced  >25 oocytes compared to women with  <5 
oocytes.

A decrease in live birth rate in fresh ET cycle in 
subgroups beyond 6–10 retrieved oocytes among women 
under 35  years of age may be a result of detrimental 
effects on endometrial receptivity and the inclination 
towards FET cycles at higher oocyte yields. Peak live 
birth rate in women older than 35  years of age was 
observed in the 16–20 oocytes subgroup. In subgroups 
with higher oocytes, none of the women underwent fresh 
ET. A similar association of retrieved oocytes with rates 
of live birth has been reported in a systematic review 
of observational studies on fresh ET outcomes.[6] The 
decline in live birth rates has previously been reported in 
the 15–20 oocyte subgroup in women aged between 18 
and 40  years undergoing fresh ET or FET,[7‑9] whereas 
Drakopoulos et al.[10] reported maximal live birth rate of 
31.4% in 10–15 oocyte subgroup in women  <40  years 
of age. In this study, we observed a decline in live 
births  (39%) for fresh ET cycles in the 11–15 oocyte 
subgroup in women  ≤35  years of age, which is in 
accordance with previous reports.

In this study, CLBR followed a steadily increasing 
trend with every additional oocyte retrieved in women 
under  ≤35  years of age. Maximum CLBR observed 
in  >35  years peaked at 75%  (16–20 oocyte subgroup), 
following which a decline was observed. This may 
have been due to a lower sample size (n = 2) of women 
producing  >25 oocytes. Compared to CLBR rates in 
previous reports  (61.7%, Ji et  al.; 61.5%, Drakopoulos 
et  al. and 34.1%, Toftager et  al.),[8,10,11] higher CLBR 
rates were obtained in this study. Yin et  al.[12] reported 
2.7% CLBR per oocyte retrieval in advanced‑age 
women >40 years. Coupled with enhanced post‑warming 

survival rates caused by vitrification,[13] a greater number 
of oocytes could contribute to an increased CLBRs after 
using all cryopreserved embryos. Our results suggest a 
similar positive association between oocyte yield and 
CLBR.

Maternal age is one of the key modifiers of the 
association between the number of oocytes retrieved 
and IVF outcomes. The optimum number of oocytes 
retrieved would depend upon the maternal age, where 
the expected difference in the probability of achieving 
positive IVF outcomes per aspiration is reduced with 
advancing age. The probabilities of obtaining a higher 
number of euploid embryos in fresh or FET cycles are 
more with higher oocyte yields[14] but as the quality 
of oocytes is intrinsically related to maternal age,[15] it 
is probable that the correlation between oocyte yield 
and live births or CLBR may not be the same for all 
ages. Fertility decreases significantly after 35  years of 
age.[16] It is probable that women with <35 years of age 
have a higher proportion of euploid embryos which 
are more likely to result in a successful live birth.[14,17] 
At advanced reproductive ages of over  >35  years, the 
probability of a euploid embryo is small, as is 
the possibility of high oocyte yields, which may be the 
reason for a decline in positive IVF outcomes in spite 
of additional oocytes. Although the number of oocytes 
retrieved is positively associated with outcomes, the rate 
of increase in positive outcomes per additional oocyte 
retrieved may differ between age groups, with women 
aged >35 years deriving comparatively less benefit from 
COS with the rise in oocyte retrieval. Therefore, this 
might be the reason for maximal CLBR at lower oocyte 
yields in Group II than in Group I.

Our results suggest that optimal oocyte retrieval for 
achieving positive IVF outcomes in fresh/frozen ET cycles 
appears to be minimal in younger women  (≤35  years) 
but maximum in older women (>35 years). Furthermore, 
mature oocytes appear to be significantly more abundant 
in younger women  (≤35  years) which could result in 
maximal outcomes at higher oocyte retrieval as opposed 
to older women (>35 years).

Table 4: Pregnancy count in each cycle in age Groups I and II
Number of 
oocyte retrieved 
(subgroups)

Positive pregnancy 
in fresh ET

Positive pregnancy 
in FET1

Positive pregnancy 
in FET2

Positive pregnancy in 
FET3

Positive pregnancy in 
FET4

Group I Group II Group I Group II Group I Group II Group I Group II Group I Group II
≤5 188 41 49 19 8 5 1 0 0 0
6-10 306 41 118 15 30 1 4 0 1 0
11-15 96 18 101 10 23 1 3 0 0 0
16-20 11 3 52 7 16 1 0 1 0 0
21-25 1 1 22 1 5 0 0 0 0 0
>25 0 0 1 0 4 0 0 0 0 0
Group I: ≤35 years age, Group II: >35 years age. ET=Embryo transfer, FET=Frozen ET
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Our study indicates that younger‑aged women attained 
positive IVF outcomes in terms of cumulative 
pregnancies and live births all at lower oocyte retrieval 
in fresh ET cycles compared to advanced maternal‑aged 
women. In contrast, two randomised trials with 
participants aged  <41  years[18] and 30–31  years,[18] 
reported 15%–30% higher pregnancy rates after FET 
cycles than fresh ET cycles. Women with polycystic 
ovary syndrome, ovarian hyperstimulation syndrome 
and certain pregnancy complications are more likely 
to benefit from FET strategy.[19] These could be the 
contributing factors which led to different results among 
the two groups of the present study, wherein women 
in Group  I favoured fresh ET cycles while Group  II 
favoured FET cycles.

The strength of the present study is the inclusion of 
complete data on all fresh and frozen IVF cycles, with 
no patients undergoing COS and oocyte retrieval being 
excluded. The findings of this study can therefore 
be extrapolated within the age range to the general 
population seeking ART treatment. Non‑inclusion 
of all FET cycles, the unequal sample size in all 
groups that could affect the success rate of outcomes, 
non‑calculation of power of the study and chances of 
additional births due to cryopreserved embryos are 
some of the limitations of the study. The present study 
focuses only on pregnancy rate, live birth and CLBR per 
stimulated cycle and does not consider additional issues 
such as cost, treatment complexity, patient burden and 
pregnancy complications that might also be of interest to 
clinicians and patients.[20]

Conclusion
The key to success in IVF is selecting good‑quality 
embryos for transfer. However, we need a balanced 
approach to maximise IVF outcomes by retrieving a 
reasonable number of oocytes without distressing the 
patient. The results of this study indicate that higher 
CLBR is associated with an increased number of oocytes 
retrieved. Maximising the number of oocytes retrieved 
can therefore be a potential strategy for clinicians and 
patients who wish to achieve a live birth. However, one 
must keep in mind the role of increasing maternal age 
on the quality of oocytes obtained.

Acknowledgements
Name Role
Molecular Connections Pvt Ltd. Writing support

Financial support and sponsorship
Funding for this medical writing support was provided 
by Merck Specialities Pvt Ltd, India, an affiliate of 
Merck KGaA, Darmstadt, Germany.



292 Journal of Human Reproductive Sciences  ¦  Volume 15  ¦  Issue 3  ¦  July-September 2022

Gunasheela, et al.: Cumulative live birth rate per oocyte aspiration in artificial reproduction technology

Conflicts of interest
There are no conflicts of interest.

Data availibity statement
All data pertaining to this study are contained and 
presented in this article.

References
1.	 Fauser  BC, Devroey  P, Macklon  NS. Multiple birth resulting 

from ovarian stimulation for subfertility treatment. Lancet 
2005;365:1807‑16.

2.	 Chambers GM, Paul RC, Harris K, Fitzgerald O, Boothroyd CV, 
Rombauts L, et al. Assisted reproductive technology in Australia 
and New  Zealand: Cumulative live birth rates as measures of 
success. Med J Aust 2017;207:114‑8.

3.	 Vaughan  DA, Leung A, Resetkova  N, Ruthazer  R, Penzias AS, 
Sakkas  D, et  al. How many oocytes are optimal to achieve 
multiple live births with one stimulation cycle? The one‑and‑done 
approach. Fertil Steril 2017;107:397‑404.e3.

4.	 Cai Q, Wan F, Huang K, Zhang H. Does the number of oocytes 
retrieved influence pregnancy after fresh embryo transfer? PLoS 
One 2013;8:e56189.

5.	 Meniru  GI, Craft  IL. Utilization of retrieved oocytes as an 
index of the efficiency of superovulation strategies for in‑vitro 
fertilization treatment. Hum Reprod 1997;12:2129‑32.

6.	 Law  YJ, Zhang  N, Kolibianakis  EM, Costello  MF, Keller  E, 
Chambers  GM, et  al. Is there an optimal number of oocytes 
retrieved at which live birth rates or cumulative live birth rates 
per aspiration are maximized after ART? A systematic review. 
Reprod Biomed Online 2021;42:83‑104.

7.	 Polyzos NP, Drakopoulos P, Parra J, Pellicer A, Santos‑Ribeiro S, 
Tournaye  H, et  al. Cumulative live birth rates according to the 
number of oocytes retrieved after the first ovarian stimulation 
for in  vitro fertilization/intracytoplasmic sperm injection: 
A  multicenter multinational analysis including ∼15,000 women. 
Fertil Steril 2018;110:661‑70.e1.

8.	 Ji  J, Liu  Y, 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;28:2728‑34.

9.	 Nelson  SM, Smith  A, Tilling  K, Lawlor  DA. Optimal oocyte 
yield for cumulative live‑birth rate: Analysis of 257,398 IVF 
cycles and their linked fresh and frozen embryo transfers. Fertil 

Steril 2016;106:e191‑2.
10.	 Drakopoulos  P, Blockeel  C, Stoop  D, Camus  M, de Vos  M, 

Tournaye  H, et  al. 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;31:370‑6.

11.	 Toftager  M, Bogstad  J, Løssl K, Prætorius L, Zedeler  A, 
Bryndorf T, et al. Cumulative live birth rates after one ART cycle 
including all subsequent frozen‑thaw cycles in 1050 women: 
Secondary outcome of an RCT comparing GnRH‑antagonist and 
GnRH‑agonist protocols. Hum Reprod 2017;32:556‑67.

12.	 Yin  H, Jiang  H, He  R, Wang  C, Zhu  J, Cao  Z. Cumulative 
live birth rate of advanced‑age women more than 40 with 
or without poor ovarian response. Taiwan J Obstet Gynecol 
2019;58:201‑5.

13.	 Kolibianakis EM, Venetis CA, Tarlatzis BC. Cryopreservation of 
human embryos by vitrification or slow freezing: Which one is 
better? Curr Opin Obstet Gynecol 2009;21:270‑4.

14.	 Labarta E, Bosch E, Mercader A, Alamá 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.

15.	 Munné S, Alikani  M, Tomkin  G, Grifo  J, Cohen  J. Embryo 
morphology, developmental rates, and maternal age are correlated 
with chromosome abnormalities. Fertil Steril 1995;64:382‑91.

16.	 Maheshwari  A, Hamilton  M, Bhattacharya  S. Effect of female 
age on the diagnostic categories of infertility. Hum Reprod 
2008;23:538‑42.

17.	 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;34:1153‑9.

18.	 Shapiro  BS, Daneshmand  ST, Garner  FC, Aguirre  M, 
Hudson  C, Thomas  S. Evidence of impaired endometrial 
receptivity after ovarian stimulation for in  vitro fertilization: 
A  prospective randomized trial comparing fresh and 
frozen‑thawed embryo transfer in normal responders. Fertil 
Steril 2011;96:344‑8.

19.	 Vuong  LN, Dang  VQ, Ho  TM, Huynh  BG, Ha  DT, Pham  TD, 
et al. IVF transfer of fresh or frozen embryos in women without 
polycystic ovaries. N Engl J Med 2018;378:137‑47.

20.	 Nargund  G, Fauser  BC. Mild ovarian stimulation for IVF is the 
smartest way forward. Reprod Biomed Online 2020;41:569‑71.


