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Abstract
Background: There is a strong relationship between the number of oocytes retrieved and success rate, in fact the number of oocytes
retrieved is considered to be an important prognostic variable, a robust surrogate outcome for clinical success for IVF treatment.

Methods: A retrospective study was performed on 6268 women undergoing a total of 8142 completed IVF cycles conducted between

2009 and 2013, in which at least one oocyte was retrieved. Cycle data was stratified according to the number of oocytes retrieved
and the woman’s age.

Findings: There is a strong relationship between the number of oocytes retrieved and success rate. Generally speaking, the IVF birth
rate (LBR) per cycle increases up to retrieval of 15 oocytes and subsequently decreases. Differently, our data shows that live birth rate
LBR per transfer and cumulative LBR do not decrease when more than 15-16 oocytes are retrieved (a slight increase constituting a
plateau was reported).

Conclusion: Data analysis suggests that it’s important to optimise the quantity of oocytes in order to maximise the chances of suc-

cess. However, the optimal number of retrieved oocytes is around 15-16, it allows us to have a adequate number of embryos to select
for transfer or to cryopreserve and thaw into a subsequent cycles. This information is helpful to clinicians for linking the predicted
number of oocytes to the cumulative likelihood of live birth.
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Introduction
Ovarian stimulation is an essential component of assisted reproductive technology (ART).

In the early 1980s, in order to increase IVF pregnancy rates, controlled ovarian hyperstimulation (COH) was introduced to stimulate

multiple follicle development, in order to obtain multiple oocytes to be picked up at retrieval [1].

For positive IVF cycle outcome, it is essential to optimise the choice of ovarian stimulation protocols, to obtain the greatest possible

oocyte and embryo quality as well as quantity. For this reason, it is important to personalise stimulation taking into account the patient’s
age, ovarian reserve and hormonal status.

Given that the number of oocytes retrieved is considered to be an important prognostic variable, a robust surrogate outcome for clini-

cal success for IVF treatment, protocols aim to optimise this outcome [2,3]. Historically, low oocyte retrieval after follicular aspiration has
been associated with diminished outcomes, often attributed to ovarian aging [4].
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Previous works, in which few IVF cycles were analysed and/or just one centre was considered, investigated the relationship between

the number of oocytes retrieved and pregnancy rates or live birth rate (LBR) following IVF fresh cycles [1,5-11]. One interesting paper,

published by Sunkara., et al. [2], includes an analysis of more than 400.000 IVF cycles from the national Assisted Reproductive Technology

(ART) registry in the United Kingdom. This study analysed the relationship between the number of eggs retrieved and the LBR in a fresh
IVF cycle, across all female age groups. However, the authors did not take into account the impact of frozen-thawed cycles on cumulative

rates. To determine the significant meaning of the “number of retrieved oocytes” is essential to consider in addition to the chance of live
birth on fresh cycle the probability of live birth added after thawing cycles.

One study [3] focused on the correlation between the number of oocytes retrieved and the LBR both per fresh stimulation cycle and

cumulatively for fresh and frozen cycles. However, this study is limited by the fact that only young, slim patients were recruited, and that
the correlation was performed on just four oocyte count groups.

We performed our study in order to better understand the real contribution of number of retrieved oocytes. The aim was to determine

the relationship between the number of oocytes retrieved and live birth rate (LBR) in fresh and in cumulative IVF cycles by including the
outcome following the warming of all frozen oocytes and embryos generated by a single ovarian stimulation cycle.

However, the strongest factor in predicting the likelihood of pregnancy after IVF treatment is patient age [9,12]. Increase in patient age

is associated with a reduction in ovarian reserve, as a stimulation response worsens the quality of both oocytes and embryos, decreases
the implantation rate and increases the miscarriage rate. Consequently, we also stratified data into four female age groups, in order to
evaluate the data trend.

Materials and Methods
Patients
A retrospective study was conducted on all the IVF cycles performed between May 2009 and June 2013 in three different centres. The

study involved 6268 women undergoing a total of 8142 completed IVF cycles, of which 3244 were conventional IVF cycles (39.8%) and

4898 ICSI cycles (60.2%) (Table 1). For the analysis we only considered data from completed cycles, i.e. treatments resulting into a successful pregnancy and treatments resulting into not pregnancy with ended availability of cryopreserved oocytes or embryos. When the

patient’s pregnancy resulted in a miscarriage; we considered the thawing of both oocytes and embryos performed subsequently by the
patient and, consequently, also potential pregnancies.

In order to obtain cumulative results, the freezing/thawing cycle was not considered as an additional treatment, but included in the

relevant fresh cycle.

In 8142 completed cycles, 401 oocyte thawing cycles and 2192 embryo thawing cycles were reported. Women over 45 and PGS cycles

was not included in the study. In our population 8 patients underwent to a voluntary abortion. Average patient age at the start of treatment was 36.8 ± 4.2 years.

In vitro Fertilization; Fresh and Frozen Embryo transfer
To obtain a multiple follicle result, all patients were treated with exogenous gonadotropin. Standard formulations of either recombi-

nant FSH or hMG were used for stimulation; with initial dosing ranging from 100 UI to 450 UI per day, according to hormonal and anthro-

pometric parameters. The drug dose was adjusted according to the individual follicular response. GnRH analogues were used to avoid an
LH spontaneous surge. An ampoule of human chorionic gonadotropin was given to the patient to trigger ovulation and 35-36 hours after
hCG, the oocytes were trans-vaginally retrieved. The oocytes were inseminated by conventional IVF in 3244 cycles (39.8%) and ICSI in
4898 cycles (60.2%), according to standard techniques.
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Conventional IVF was carried out 4-5 hours after oocyte pick-up and oocyte was inseminated with a final motile sperm concentra-

tion of 200000-300000/ml. On the contrary, before proceeding with ICSI, the cumulus cells were removed from the oocytes after 3-4 h
of incubation in hyaluronidase at a concentration of 80 IU/ml [14], after which the oocytes were injected as described previously [15].

Fertilisation was checked 14 - 18 hours later and confirmed by the presence of two pronuclei. Embryo transfer (ET) was carried out 2, 3
or 5 days after oocyte pick-up; the number of embryos to be transferred was decided according to patient needs and national guidelines.

Surplus oocytes or embryos were cryopreserved [16], as agreed with the patient. Endometrial preparation for the thawing cycles was
performed in all women as previously described [17].

In artificial cycle freezing ET (FET), estrogen and progesterone were administered in a sequential regimen which aims to mimick the

endocrine exposure of the endometrium in the normal cycle. Initially, estradiol was given in order to cause proliferation of the endome-

trium, while suppressing the development of the dominant follicle. This was continued until the endometrium was observed to be 7–9
mm thick at ultrasound, then progesterone was added to initiate secretory changes [18]. The physiological mid-cycle shift from estrogen

to progesterone was thus emulated [19-20]. The timing of embryo thawing and transfer was planned according to the moment of progesterone supplementation.

Data collection

The data from our database includes patient characteristics such as age, diagnosis, previous IVF treatments and the parameters of

each cycle (conventional IVF or ICSI, number of cryopreserved embryos, number of thawed oocytes or embryos, number of transferred
embryos, number of implanted embryos, subsequent clinical pregnancy, miscarriage and live birth). The aim of this retrospective study

was to analyse the relationship between the number of retrieved oocytes and LBR in both fresh and cumulative cycles. The cumulative
outcome was calculated including the thawing of all frozen oocytes and embryos generated from a single ovarian stimulation cycle.

The large number of treatments analysed allowed us to stratify the data and evaluate the relationship between the number of oocytes

retrieved and LBR in fresh and in cumulative IVF cycles in the various age groups (Group 1: patients ≤ 34 years, Group 2: patients 35-38
years, Group 3: patients 39 - 42 years and Group 4: patients 43 - 45 years).

Institutional review board approval was not required because all patients in this study underwent routine IVF cycle and no additional

intervention was performed.

Statistical Analysis

The cycles we analysed were first classified according to the number oocytes retrieved and then stratified into age groups. The dif-

ferences observed between groups were analysed by means of nonparametric statistics (“Chi-Square Test” χ2). P < 0.05 was considered

statistically significant. To describe the relationship between sensitivity and specificity of the retrieved oocytes number in predicting the

cumulative LBR, receiver operating characteristic (ROC) curves were designed. The association between the number of oocytes and the

chance of cumulative LBR was calculated by logistic regression. Data analysis was performed using the Statistical Package for Social Sciences version 16.0 (SPSS Inc., USA).

Results and Discussion

Our study includes data from 6268 women undergoing a total of 8142 cycles. The characteristics of the cycles analysed are given in

table 1. 28.1% of all cycles were conducted on women younger than 34, 32.7% on women between 35 and 38, 33.0% on women between
39 and 42 and a mere 6.2% on women aged 43 - 45.
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Overall, the LBR per cycle was 16.5 % and cumulative LBR per cycle was 20.0 %. Maternal age was found to be an important factor in

predicting IVF cycle outcome (Table 1). We considered different age groups: LBR and cumulative LBR drop significantly with an increase

in the woman’s age (LBR and cumulative LBR were 23.5% and 29.8%, in group 1; 19.5% and 23.6% in group 2; 9.9% and 11.2% in group
3; 3.8% and 3.8% in group 4, respectively) (Table 1).

The median number of eggs retrieved in all cycles was 7.9 ± 4.9 (Table 1) and the distribution of these in relation to treatment has

a Gaussian trend (Figure 1). There was a negative correlation between age and oocyte yield; indeed, when stratified according to the

woman’s age, the number of oocytes retrieved decreases with an increase in the age of the patient (Table 1), however, the distribution of
oocytes retrieved maintained a Gaussian trend in all 4groups (Figure 1).
All cycles

Group 1
≤ 34 years

Group 2
35-38 years

Group 3
39-42 years

Group 4
43 - 45 years

No. of completed cycles

8142

2290 (28.1)

2662 (32.7)

2685 (33.0)

505 (6.2)

Patients

6268

1890

2059

1956

363

No.of thawing oocytes cycles

No.of thawing embryos cycles
Age (m±sd)

Treatment type
IVF (%)

ICSI (%)

Fresh cycle

Pregnancies
Live birth
Newborn

Live birth/cycle (%)

401

2192

36.8 ± 4.2

Live birth

Newborn

No. of Miscarriage

Miscarriage rate (%)

No. of voluntary abortion
Oocytes retrieved

Oocytes retrieved (m ± sd)

31.4 ± 2.5

4898 (60.2) 1495 65.3)
1818

648

16.5

23.5

1342

1639

2254

1628

1964

Cumulative live birth/cycle (%) 20.0

Miscarriage

937

3244 (39.8) 795 (34.7)

Cumulative cycle (fresh cycles + warming cycles)
Pregnancies

179

605

26.8
8

7.9 ± 4.9

538

673

849

682

837

29.8
166

18.6
1

9.5 ± 5.1

162

769

36.6 ± 1.1

999 (37.5)

1663 62.5)
694

520

642

19.5
863

627

766

23.6
233

26.2
3

8.4 ± 4.8

Table 1: Characteristics of the cohort.

60

450

40.4 ± 1.1

1186 (44.2)

1499 (55.8)
426

265

304
9.9

486

301

341

11.2
183

36.4
2

6.6 ± 4.4

0

36

43.6 ± 0.7

264 (52.3)

241 (47.7)
42

19

20

3.8
43

19

20

3.8
22

50.0
2

5.1 ± 3.8
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Figure 1: Number of oocytes retrieved.

There is a strong relationship between the number of oocytes retrieved and LBR and cumulative LBR. In the overall analysis, the LBR

per cycle increases when up to 15 oocytes were retrieved and subsequently decreased. This trend is probably due to the high percentage
of cycles in which all embryos/oocytes are cryopreserved when more than 15 oocytes are retrieved. In order to verify the effective reduction of live birth probability in fresh cycles we calculated the LBR/transfer. In actual fact, the LBR/transfer does not decrease when more
than 15-16oocytes are retrieved, rather it slightly increase to form a plateau (Figure 2).

On the other hand, considered the additional live birth obtained by thawing of cryopreserved oocytes and embryos, the probability

per patients to get a live birth in a single ovarian stimulation cycle was significantly increased compared to the probability given by a fresh
cycle per se (Figure 2). Overall, cumulative LBR also increased when more than 15 oocytes were retrieved, however, this increase was so

slight it constituted a plateau (p = 0.502).The same association when more than 15 oocytes were retrieved between the number of eggs retrieved and cumulative LBR was also observed in patient age groups1, 2 and 3 (Group 1: p = 0.520; Group 2: p = 0.207; Group 3: p = 0.435).
In older patients (Group 4), due to the low number of cycles analysed, we only created 3 oocyte count groups; in these groups, the like-

lihood of live birth was seen to increase slightly and non-significantly, with the number of oocytes retrieved (p = 0.294). ROC curves were

constructed to examine retrieved oocytes number as predictor of cumulative LBR. The area under ROC curve (AUC) was 0.691 (Figure 3),
however, retrieved oocytes number did not accurately predict cumulative LBR and the information it will provide for any one patient is
limited.
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Figure 2: Association between oocyte number and live birth per cycle and cumulative live birth rate per cycle. Overall association and stratification by age group (Group 1: ≤ 34 years; Group 2: 35 - 38 years; Group 3: 39 - 42 years; Group 4: 43 - 45
years). * p value is not statistically significant.

AUC =
0.691

Figure 3: Receiver operating characteristic curve for retrieved oocytes number as predictor of
cumulative live birth.
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In addiction, logistic regression analysis shows that the number of retrieved oocytes has significant impact on cumulative LBR (p <

0.001) and to increase of an retrieved oocyte the cumulative probability of cumulative LBR increases 112% (Table 2).
Variable

B

SE(B)

df

Sig.

Exp(B)

Oocytes retrieved

0.121

0.006

1

0.000

1.129

Table 2: Logistic regression.

Discussion
The main objective of individualising IVF treatment is to offer each and every woman the best treatment, tailored to suit her unique

characteristics, in order to maximise the likelihood of pregnancy and eliminate the avoidable, treatment-induced risks of ovarian stimula-

tion [21].

It has been shown that the availability of a good number of oocytes improves the likelihood of generating good quality embryos and,

consequently, achieving successful pregnancy and live birth [10,22-23].

Despite this, given the cost, complexity, effects and stress associated with conventional ovarian stimulation regimens, some centres

are interested in applying mild stimulation protocols in an attempt to make IVF treatment more patient-friendly, reduce the likelihood of
complications (especially ovarian hyperstimulation syndrome) and lower costs [24,25].

As for ovarian stimulation and response (in terms of number of retrieved oocytes), previous studies have analysed the relationship

with pre-implantation genetic screening.

According to literature, the frequency of aneuploidy in human oocytes is reported to range from 15.0 to 20.0% [26]; preliminary

studies suggest that many factors might affect the incidence of embryo aneuploidy, among these the maternal age is certainly the most

significant, but also the ovarian stimulation protocols employed in IVF, patient’s estradiol (E2) levels, the number of oocytes retrieved and
number of follicles [27-29,42]. However, the studies published report contradictory results on this topic.

The number of oocytes could also be considered a surrogate of embryo quality, as a greater number of oocytes retrieved reflects a

higher number of embryos available and one or two good-quality embryos are more likely to be obtained for fresh ET [36,37]. Moreover,

Cai., et al. [35] demonstrated that embryo quality and quantity are two of the most important predictors of fresh and cumulative outcome
in IVF/ICSI.

It is known that a low number of retrieved oocytes has been associated with diminished outcomes [4]; indeed McAvey., et al. [36] dem-

onstrated that, in cycles in which five or fewer MII were obtained; a significantly lower likelihood of live birth was present. As a matter of
fact, our findings state that patients with a low number of retrieved oocytes have poorer likelihoods in fresh cycles and a non-significant
increase in the cumulative data.

One recent study published by Sunkara., et al. [37] also demonstrated that women with poor ovarian response (≤ 3 oocytes) have a

higher risk of miscarriage following IVF treatment across all age groups. The majority of miscarriages are a result of embryo aneuploidy as
a consequence of oocyte aneuploidy and the high miscarriage rate in poor responders probably reflects poor oocyte quality. Women who
have a hyper-response to ovarian stimulation do not generally have a significantly higher risk of miscarriage [37].

Some studies have shown that in high responder patients, there is a drop in pregnancy or LBR per fresh cycle [2-3,35,38]. It has been

seen that retrieval of >15 oocytes significantly increases the risk of OHSS without improving LB rate in fresh autologous IVF cycles [39].
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In these patients, in order to prevent OHSS, the transfer is often avoided and all embryos are cryopreserved. In order to investigate the
actual reduction in probability in this category, it is necessary to assess the percentage for transfer. On the basis of our data, we can stated

that, by calculating the LBR per transfer, the likelihood of live birth in these patients does not decrease and the cumulative live birth rate
per cycle does not drop (Figure II).

Kok., et al. [40] also stated that high responder patients with high number of retrieved oocytes have a greater fraction of immature

oocytes, but their pregnancy outcome is not impaired. Some previous work focused on the relationship between eggs retrieved and pregnancy rate or live birth rate per fresh cycle following IVF [2,4-9,32-36,38].

The experience with the highest number of IVF cycles analysing the relationship between the number of eggs and IVF cycle outcome,

was conducted by Sunkara., et al. [2]. The study is based on more than 400.000 IVF cycles from the national ART registry in the United
Kingdom (from 1991 to 2008), but does not consider the impact of frozen–thawed cycles on the cumulative LBR, because the Human

Fertilization and Embryology Authority (HFEA) data set does not allow the linkage of fresh and frozen cycles in the same woman. In this

study, Sunkara concluded that, across all female age groups, there is a strong relationship between the number of eggs and live births,
which in overall analysis rises with an increase in oocyte count up to ~15, forms a plateau between 15-20 eggs and steadily declines over
20 eggs.

Just one study, published by Ji., et al. [3], focused on fresh and cumulative LBR, however, this work is limited the fact that the study only

recruited young; slim subjects and only considers four oocyte count groups (0-5, 6-10, 11-15 and >16 oocytes retrieved). Furthermore,
having a small number of groups means that it is not possible to accurately assess likelihood in relation to ovarian response.

To correctly evaluate the potential of the number of oocytes retrieved, it is necessary to create groups composed of no more than

one or two oocytes and to have a complete representation of IVF treatment. It is also important to consider, further to the pregnancies

achieved from fresh transfer, those pregnancies obtained by thawing cycles of oocytes or embryos cryopreserved in that cycle. In our
study, we created groups composed of two oocytes (1-2, 3-4, 5-6, 7-8, etc. oocytes retrieved) and each freezing/thawing cycle was not
considered as an additional treatment, but was included in the relevant fresh cycle to obtain a given cumulative result from the fresh and

thawing cycles. We only considered complete cycles resulting either in a pregnancy or finished oocytes or embryos cryopreserved in that
treatment.

We obtained a strong correlation between the number of oocytes retrieved and cumulative LBR in both the overall analysis and the

groups stratified by age (Figure 2). In the overall analysis, cumulative LBR increased up to the retrieval of 15-16 oocytes, after which we
observed a small increase defining a plateau.

Besides the number of oocytes, the woman’s age is one of the strongest factors in predicting the likelihood of pregnancy after IVF

treatment [9,12]. Advancing age has a significant adverse effect on the outcome of IVF cycles, regardless of the oocyte count, indeed, in

stratification by age LBR and cumulative LBR decrease significantly with an increase in the age of the patient: LBR decreases from 23.8%

in younger patients to 3.8% in older ones and cumulative LBR decreases from 29.8% in patients aged ≤ 34 to 3.8 % in patients aged 43-45.
There is a negative relationship between age and the number of oocytes retrieved: in the stratification according to the woman’s age,

the number of oocytes retrieved decreases as the patient’s age increases. In our data, the mean oocyte count is significantly lower in older
women. As shown by our study results and by literature data, the number of oocytes retrieved is a predictive factor of IVF outcome.

In the light of this, it is important to optimise the quantity of oocytes retrieved in order to maximize the chances of success. Obtaining

more embryos from one oocyte collection also increases the chance of cryopreservation and subsequent frozen embryo transfers and
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reduces the need of repeated ovarian stimulation [10]. The optimal number of retrieved oocytes is around 15-16, it allows us to have a

adequate number of embryos to select for transfer either in a fresh cycles or to cryopreserve and thaw into a subsequent cycles; also as

reported in literature the retrieval of >15 oocytes significantly increases the risk of OHSS [39] According to the data collected in our study,
by adding live birth from fresh cycles to live birth from thawing cycles, there is a significant increase in the chances a patient may have
from a single ovarian stimulation cycle.

Conclusion

Our study is the first aiming to determine the relationship between the number of oocytes retrieved and LBR in fresh and in cumulative

IVF cycles by including the outcome following warming of all frozen oocytes and embryos generated by a single ovarian stimulation cycle

in a large group of heterogeneous patients. This information is helpful to clinicians when advising couples and for linking the number of
oocytes predicted to cumulative live birth rate per cycle.
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