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rate is an index defined as the sum of all live births from either fresh or frozen embryo transfers arising
from a single oocyte collection. This retrospective analysis over 9 continuous years used this index to understand the potential
impact on pregnancy rates of milder stimulation regimens with associated reduced egg numbers. The productivity rate per collec-
tion increased in a linear and significant rate as more oocytes were recovered, more embryos frozen and more frozen embryo trans-
fers contributed to pregnancy. This observation was true for women aged <35 years and less so for women aged 35–39 years but not
for women aged 40 years and older. The contribution of frozen embryo transfer to the productivity rate rose in a linear manner,
reaching over 40% of all live births with nine oocytes. The number of live births per oocyte, pronuclear embryos and thawed embryos
decreased significantly but the number of live births per embryo transferred (fresh or frozen) rose with rising oocyte numbers,
reflecting increasing opportunity for embryo selection. This study suggests that optimal benefits with minimal risks are gained from

a model that includes both fresh and frozen transfers under stimulation generating between 8 and 12 eggs. RBMOnline
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Introduction

The introduction of ovarian stimulation was initially seen as
a positive advance increasing pregnancy rates and reducing
the number of unsuccessful cycles by ensuring that one or
more embryos were available for transfer. As technology
ter ª 2013, Reproductive Healthcare Ltd.
.rbmo.2013.05.015
improved, the rising multiple pregnancy rates have driven
the transfer of fewer embryos such that currently many
accreditation guidelines actively support single-embryo
transfers. In some countries, this has encouraged the
increased use of frozen embryo transfers to supplement
the initial fresh transfers. In addition to improvements in
Published by Elsevier Ltd. All rights reserved.
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laboratory standards, better pharmaceutical preparations
have also seen increases in oocyte numbers and quality such
that excessive responses to stimulation leading to ovarian
hyperstimulation syndrome (OHSS) are also viewed as unac-
ceptable. There have been several responses to avoiding
OHSS. These include the promotion of ‘minimal stimulation’
(Fauser et al., 1999; Kato and Teramoto, 2007; Olivennes
et al., 2009) or ‘individualized stimulation’ regimens to
avoid OHSS (Fiedler and Ezcurra, 2012). In both models,
the number of oocytes recovered is lower and as a conse-
quence, the chance of live birth per initiated treatment
cycle appears significantly reduced. Patient-defined stimu-
lation regimens using anti-Müllerian hormone, antral follicle
count and day-2 FSH such as the PIVET algorithm (Yovich
et al., 2012) have also been proposed with a view to captur-
ing the benefits of milder stimulation for a targeted
subgroup.

Unfortunately, the promotion of minimal stimulation
models has occurred in the absence of understanding the
contribution of frozen embryos to the total productivity of
each stimulation cycle. One reason why this has occurred
is that clinicians, patients and accreditation bodies view
fresh and frozen transfers as independent events (de
Mouzon et al., 2012) when in fact the two have an entirely
dependent relationship. An example of this is expressed by
the annual national review of Australian clinics which only
considers IVF from fresh transfers and bundles freeze-all
cycles as frozen transfers (Sullivan et al., 2010). Concerns
of the health of children from stimulation cycles may force
the future linking of the collection cycle to frozen transfers
with proposals to cryopreserve the higher-grade embryos or,
indeed all embryos, for future frozen embryo transfer to
optimize outcome (Healy et al., 2010). In reality, all the
cost of a cycle is borne by the patient and the clinic during
the initial collection cycle. The commitment of time and
financial burdens by the patient, the allocation of staff
and resources by the clinic and the cost of pharmaceutical
and medical costs are all raised and committed during the
collection cycle. In contrast, frozen embryo transfer (FET)
cycles are relatively uncomplicated and inexpensive to both
patient and staff. There is, however, only one cohort of
oocytes created per stimulation cycle and their number,
along with the quality of resultant embryos, will then define
how many transfers may occur. Separating fresh and frozen
transfers as independent events is misleading since the
quality of the frozen embryos will be dependent on the
stimulation protocol and the woman’s response. A better
way to view a cycle is not as a series of independent events
but as a series of related and dependent events expressed as
the number of live births per collection regardless of which
transfer they arose from. This denotes the total productivity
rate per cycle, a term introduced in an earlier study on
growth hormone supplementation (Yovich and Stanger,
2010, p. 40) and avoids confusion with the cumulative preg-
nancy rate (CPR), which is a result of repetitive stimulation
and/or transfer cycles. In reality, this is how patients view
treatment. ‘What is my chance of falling pregnant from this
egg collection procedure?’ has more meaning when viewed
from a total productive perspective. This philosophy has
assisted patients to accept the proposal of single-embryo
transfers when they are seen to be inexpensive, simple
extensions of the main treatment cycle.
Productivity rate, therefore, is a measure of the stimula-
tion process itself since the number and quality of follicles
and oocytes must dictate the eventual productivity. While
varying the transfer day or number of embryos transferred
may influence the fresh pregnancy rate, they may also influ-
ence the number of embryos frozen and indirectly the pro-
ductivity rate, yet this is rarely examined. Applying a
productivity rate model to a collection cycle provides a tool
to examine all aspects of management including stimula-
tion, embryology, embryo transfers and FET under one pro-
cess. It is in this light that productivity rate has been used to
explore the impact of oocyte numbers on the chance of
pregnancy from a single collection cycle when many or all
the embryos have been used or discarded. Since frozen
embryos may remain in storage for many years and indeed
are often used for a second chance of pregnancy, the appli-
cation of productivity rate needs to be retrospective in
nature. In this study, a consecutive 9-year period was used
that provided at least a 1-year window post collection. The
aim was to explore the impact of oocyte numbers on the
productivity rate to provide a background reference for cur-
rent modification of stimulation regimens specifically aimed
at reducing oocyte numbers to avoid OHSS (Yovich et al.,
2012) and to explore whether an optimal number of oocytes
could be derived from the study as a basis for individualizing
patient stimulation regimens.
Materials and methods

Data for all IVF treatment cycles at PIVET Medical Centre
between 2003 and 2011 were included in the study except
for oocyte donation patients and cycles where no oocytes
were recovered. No cycles were excluded due to age or
patient history and therefore are representative of most IVF
clinics. The data presented has not been partitioned by age
(except for one table detailing the productivity rate by age)
since the aim was to present a global view of the interaction
between oocyte numbers and outcome. The data for cases
with more than 20 oocytes is presented in all figures as a
pooled data set (18 cases where>20were recovered),mainly
due to the variability in the number of cycles and live births
for each oocyte cohort but the linear regression analysis
treated oocyte numbers as a continuous variable. Live births
were the only outcome considered in the report. Clinical
pregnancies and miscarriages were not considered.

All cycles covering both fresh and frozen embryo trans-
fers were recorded on the PIVET Database using Filemaker
Pro database that contained records from 2002 and internal
purpose-developed software. All data was recovered using a
standardized reporting module that includes information of
both fresh treatment cycles and any subsequent FET cycles
that arose from that oocyte collection.

During the 9-year period, follicle stimulation, oocyte
recovery and transfer as well as embryo culture systems
remained relatively stable and have been described else-
where (Yovich and Stanger, 2010; Yovich et al., 2012) along
with the cryopreservation methodology (Stanger et al.,
2012). The details of patient demographics and cycle man-
agement are provided in Table 1. There were some changes
in patient management over this period and the impact of
these changes on the productivity rate was assessed using



Table 1 Population and stimulation characteristics.

Characteristic Aspirations
(n = 3818)

Age (years)
<35 1595
35–39 1374
�40 849

Insemination method
IVF 861
Intracytoplasmic sperm injection 2957

Cycles
Fresh transfer 3397
Fresh transfer and freezing 2015
No fertilization 187
Freeze-all cycles 234

Type of infertility
Tubal infertility 1546
Endometriosis 639
Male infertility 2050
Unexplained 1193
Other/no reason 1140

Source of spermatozoa
Donor 279
Husband sample 3489
Surgical 50

Protocol
Long down-regulation 1048
Agonist (flare) 1454
Antagonist 1156
AACEP 136
Low-dose stimulation (including
clomiphene citrate)

24

Fresh transfers
Embryos transferred

1 embryo 1979
2 embryos 1375
>2 embryos 43

Day of transfer
1 12
2 262
3 2471
4 21
5 611
6 20
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logistic regression analysis. Essentially, there was a drift
from long down-regulation and agonist flare to antagonist
regimens as were changes towards single-embryo transfer,
blastocyst transfers and vitrification. The data was parti-
tioned by age: <35 years, 35–39 years and �40 years, as
has been reported elsewhere (Yovich and Stanger, 2010).
Otherwise all data analysis comprised all patients regardless
of age. This work also allocated FET to the egg collection of
the transferred embryos even though in <1% of cases, the
embryos were derived from more than one collection.

Definitions

Productivity rate is the sum of live babies delivered per
trans-vaginal oocyte aspiration (TVOA). This included all
single and multiple deliveries where each baby was counted
as a live birth over the number of egg collections for a spe-
cific oocyte cohort. Birth rate per fresh transfer is the sum
of all live births (singleton and multiple pregnancies) arising
from fresh transfer over the number of fresh transfers for a
specific oocyte cohort. Birth rate per frozen transfer is the
sum of all live births (singleton and multiple pregnancies)
arising from frozen embryo transfers over the number of
frozen embryo transfers for a specific oocyte cohort.

Statistical analysis

The relationship between the productivity rate and oocytes
collected was analysed by standard linear regression analy-
sis and included all cases. In this data set, the maximum
number of oocytes recovered was 40. Logistic regression
was employed to develop a prediction model over all oocyte
cohorts where the comparison was between no live births
(value = 0) and one or more live births (value = 1) per collec-
tion; however, because of the negative impacts of the
cycles with over 20 oocytes and given these were rare,
extreme and clinically atypical recoveries, the logistic
regression models presented were limited to cycles with
20 oocytes or less. The difference between the productivity
rate and live birth per fresh transfer was made using Pear-
sons chi-squared analysis with Yates correction. Comparison
of the number of thaws between successful and unsuccess-
ful cycles was made using the variance ratio (F-test), a
model to predict the number of live births per collection
made using multiple regression analysis. The relationship
between live birth rate and oocyte, embryos and trans-
ferred embryos was made using standard regression analy-
sis. All calculations were performed using MedCalc
software (www.medcalc.org).

Ethical considerations

This study was performed under Curtin University ethics
approval no. RD_25-10 general approval for retrospective
data analysis 2011. PIVET Medical Centre functions under
national accreditation requirements (Reproductive Technol-
ogy Accreditation Committee) as well as specific licensing
under state legislation (Western Australian Human Repro-
ductive Technology Act, 1991).

Results

In all, 3818 TVOA cycles were included in the study. The
study period represented considerable change in cycle
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management. The demographic characteristics are pre-
sented in Table 1. The mean oocyte number was 9.3 ± 6.1
and as expected was significant for skewness and kurtosis
(P < 0.001). The mean number of live births per collection
was 0.36 (Table 2) and the mean number of live births per
delivery was 1.11. In other words, a third of all collections
over the whole age and infertility history resulted in at least
one live birth, of which 89% were a singleton outcome. Par-
titioned by age, the live births per collection was 0.59 for
women aged <35, 0.43 for women aged 35–39 and 0.14
for women aged �40 years. This was higher than the live
births per fresh embryo transfer, which was 0.36
(<35 years), 0.24 (35–39 years) and 0.09 (�40 years). In all,
there were 159 multiple pregnancies of which 14 were
high-order deliveries, all of which occurred prior to the
widespread introduction of single-embryo transfers.

Overall, the productivity rate was significantly related to
oocyte numbers (r2 = 0.84, P < 0.001) and significantly
higher than both live births per fresh and live births per fro-
zen embryo transfer above 7 oocytes. The productivity rate
was similarly related to the number of embryos, number of
frozen embryos and the number of FET cycles. Both live
birth rates were significantly linked to oocyte numbers
(P = 0.002 and P < 0.001, respectively), presumably due to
increased selection capability. These changes were modest
in contrast to the productivity rate where the rise was linear
(Figure 1). This has more merit considering the productivity
rate also included cycles with no fertilization or with
deferred transfers (freeze-all cycles). The productivity rate
Table 2 Number of live births per fresh embryo transfer, froz

No. of oocytes
collected

Fresh transfer Frozen

Live
birth

Transfer Live birth
rate

Live
birth

1 13 106 12.3 0
2 16 145 11.0 1
3 43 206 20.9 4
4 52 266 19.5 9
5 67 312 21.5 16
6 80 267 30.0 15
7 64 258 24.8 22
8 66 249 26.5 33
9 50 215 23.3 34

10 47 188 25.0 34
11 63 207 30.4 42
12 62 202 30.7 31
13 46 155 29.7 31
14 52 136 38.2 33
15 41 131 31.3 30
16 24 89 27.0 35
17 16 73 21.9 31
18 13 59 22.0 20
19 13 34 38.2 7
20 7 25 28.0 13
22–40 18 74 24.3 104
Total 853 3397 25.1 545
therefore reflects the true outcomes from an egg collection
rather than that reflected only by embryo transfer.

When partitioned by age, the productivity rate was also
highly correlated with oocyte numbers for women aged
<35 years (r2 = 0.67, P < 0.001) and women aged
35–39 years (r2 = 0.28, P < 0.01) but there was no correla-
tion with egg numbers for women aged �40 (r2 = 0.01; Fig-
ure 2). The productivity rate were similar between the
younger and the middle age groups, with the recovery of
10 oocytes or less but thereafter the productivity rate rose
to 60–80% for women aged <35: that is, for younger women
with 10 eggs or more, the chance of at least one live birth
exceeded 60% from either a fresh or frozen transfer and
these were achieved with 1 or 2 embryos for every transfer
(usually 1) and most likely to be a singleton delivery. Unfor-
tunately, in this study, productivity rates for women aged
�40 did not increase in a linear manner with rising oocyte
numbers. Rather the rate rose slowly to about 20% but after
13 oocytes it declined. There were few pregnancies in this
cohort of women �40 years from which 16 or more eggs
were recovered.

A better understanding of the role of FET cycles on the
productivity rate was obtained by examining the contribu-
tion of FET live births to the total live births per collection
(Table 2 and Figure 3). The proportion of FET-derived live
births increased in a linear manner with oocyte numbers
(P < 0.001) appearing to plateau at 10–15 oocytes and
thereafter increasing dramatically as more freeze-all out-
comes occurred. FET conception contributed to less than
en embryo transfer and egg collection.

embryo transfer Egg collection

Transfers Live birth
rate

Live
birth

Collections Live birth
rate

3 0.0 13 153 8.5
10 10.0 17 189 9.0
29 13.8 47 233 20.2
72 12.5 61 290 21.0

104 15.4 83 326 25.5
107 14.0 95 275 34.5
136 16.2 86 276 31.2
174 19.0 99 259 38.2
144 23.6 84 221 38.0
151 22.5 81 197 41.1
170 24.7 105 213 49.3
174 17.8 93 210 44.3
127 24.4 77 163 47.2
144 22.9 85 146 58.2
130 23.1 71 136 52.2
99 35.4 59 97 60.8
91 34.1 47 79 59.5
79 25.3 33 67 49.3
42 16.7 20 40 50.0
56 23.2 20 37 54.1

431 24.1 122 211 57.8
2473 22.0 1398 3818 36.6



Figure 1 Live birth rates per fresh (d) and frozen embryo transfer (n) and per egg collection (m) as a function of the number of
oocytes recovered.

Figure 2 Live birth rate per egg collection by age group (¤, <35; n, 35–39; m, �40 years) is shown as a function of the number of
oocytes recovered.
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20% of live births with six or less oocytes. The insert in
Figure 3 identifies the significant relationship between the
mean number of FET cycles per collection by oocyte cohort
(P < 0.001).

The standard embryology parameters did not demon-
strate any significant relationship to oocyte yields with the
proportion of mature oocytes (oocytes with 1 polar body
prior to intracytoplasmic sperm injection) and the fertiliza-
tion rate (2-pronuclear embryos per oocyte). The proportion
of usable embryos (suitable for either transfer or freez-
ing/pronuclear embryos) was related to oocyte numbers
(P < 0.01) most likely reflecting the influence of younger
age and higher recovery rates.

In contrast, when the live births per number of oocytes
or embryos transferred were used as key performance indi-
cators, births per embryo and oocyte decreased significantly



Figure 4 Proportion of live births as a function of the number of oocytes recovered in the original collection cycle (m), the
number of embryos created (n) and the number of frozen embryos transferred (¤).

Figure 3 Influence of oocyte numbers on the contribution of frozen embryo transfers to the overall live birth rate as a function of
the number of oocytes recovered in the original collection cycle. When 19–20 oocytes were recovered, more than 60% of all live
births were derived from frozen embryo transfers. The insert graph shows the mean number of frozen embryo transfers per
collection as a function of oocytes recovered. On average, there was 0.8 frozen embryo transfers per collection of 9–15 oocytes.
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with increased oocyte recovery (both P < 0.001) while live
births per embryo transferred significantly increased
(P < 0.001; Figure 4). It would appear that as oocyte num-
bers rose, an increasing number of embryos was used to
select those suitable for transfer and that as more embryos
were available, this selection became stricter. This is sup-
ported by the observation either that with larger oocyte
numbers, fewer thawed embryos were suitable for transfer
or that greater selection criteria were used to select those
suitable for transfer (Figure 5).



Figure 5 Proportion of frozen embryos actually transferred per thawed embryo as a function of the number of oocytes collected.
The decrease in utilization of frozen embryos may reflect decreased viability or increased embryo selection.

Table 3 Logistic regression models of cycles with �20
oocytes predicting the likelihood of at least one live birth
per egg collection.

Variable Coefficient P-value

Simple model
Age –0.1173 ± 0.0079 <0.0001
Oocytes 0.0528 ± 0.0006 <0.0001
Thaws 0.0947 ± 0.0412 0.0215
Constant 2.7521

P-value stepwise method <0.0001

Complex model
Age –0.1074 ± 0.0008 <0.0001
Oocytes –0.0307 ± 0.0142 0.0306
Thaws –0.2703 ± 0.0563 <0.0001
Attempts –0.0847 ± 0.0256 0.0009
Pronuclear embryos 0.0873 ± 0.0235 0.0002
Embryos frozen 0.2531 ± 0.0275 <0.0001
Constant 2.6474

P-value stepwise method <0.0001

Variables not included in model: day of fresh transfer, number of
embryos transferred, insemination method, stimulation
protocol.
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This study applied logistic regression analysis to the data
using a simple limited variable stepwise model (Table 3)
and an expanded multivariable model. In the simple model,
age (P < 0.0001), oocytes (P < 0.0001) and the number of
thaws (P = 0.0215) significantly predicted the likelihood of
at least one live birth per egg collection. Expanding the var-
iable list to include many of the parameters that may influ-
ence the chance of pregnancy, age (P < 0.0001), attempt
number (P = 0.0009), oocytes (P = 0.0306) and thaw number
(P < 0.0001) negatively influenced the outcome while the
number of embryos (P = 0.0002) and the number frozen
(P < 0.0001) significantly predicted a live birth. Impor-
tantly, the day of embryo transfer (days 2–6), the number
of embryos transferred during the fresh transfer, the
method of insemination (IVF or intracytoplasmic sperm
injection) and the stimulation protocol were not signifi-
cantly related to live births (Table 1) and were not included
in the model. The negative attribute of the number of thaws
in the regression model was a reflection of extreme oocyte
numbers where multiple thaws failed to achieve concep-
tion. When the oocyte number was limited, thaw number
became a positive attribute but the other parameters were
unchanged. There were significantly more FET attempts
where at least one live birth occurred (P < 0.001).

Since the productivity rate model looks only for the pres-
ence or absence of live births, multiple regression analysis
was used to estimate the number of live births per collec-
tion. This model predicts the number of live births by the
following equation: 1.08 + 0.029(embryos) + 0.032(thaws) +
0.04(embryos frozen) + 0.1(fresh embryos transferred) �
0.02(age) � 0.01(oocytes) � 0.02(attempts).

Discussion

This study reviewed all standard assisted reproduction cases
at PIVET Medical Centre between 2003 and 2011. The 9-year
period provides power and scope to the study incorporating a
range of stimulation techniques from long down-regulation to
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flare, antagonist and agonist models, a movement from dou-
ble- to single-embryo transfers, increasing exploration of
blastocyst transfers, movement from slow freezing to vitrifi-
cation methodology, plus numerous staff and other logistical
changes. In contrast, the embryo culture system has been
constant over this time. This study chose oocytes as the base
fixed variable rather than embryos or transfers because it
allowed the inclusion of cases of failed fertilization or trans-
fer and freeze-all cycles in the model. The regression model-
ling has shown that these management developments have
had little impact on the productivity rate that is centred on
the contributions of repeated transfers make to a live birth
outcome.

This study has shown that by applying the productivity
rate model to the number of oocytes, there is a clear linear
rise in the likelihood of a couple having a live birth as more
oocytes are recovered (Figure 1). This effect was due to the
additional contribution of frozen embryos to the productiv-
ity rate and was both oocyte number and age dependent.
When five or fewer oocytes are recovered, the live birth
rates per collection and per fresh transfer were similar, sug-
gesting frozen embryos had little influence on final out-
comes. However when more than five oocytes were
recovered, live births per fresh transfer varied little with
egg numbers while the contributions of FET to rates per col-
lection saw the productivity rate rise in a linear and predict-
able manner to rates of 50–60% over the whole patient
population. As may be expected, it was age dependent, with
productivity rate for women <35 years reaching rates of
70–80% per collection when the oocyte numbers exceeded
13 oocytes (Figure 2). Even at modest egg numbers of 8–12
oocytes, where the risk of OHSS is low, productivity rate of
50–70% were observed. In other words, for younger women,
the chance of a live birth was 20–40% for egg numbers <6
rising to 50–70% when egg numbers were 6–12. The produc-
tivity rate also rose for women aged 35–39 years but the
relationship was more restrained, approaching 40% chance
of a live birth per collection when egg numbers ranged
8–12. Unfortunately, for women aged �40 years, the pro-
ductivity rates were not related to egg numbers approach-
ing 20% with 11–14 oocytes but reducing with more
oocytes. High egg numbers in older women were associated
with very poor outcomes suggesting some detrimental inter-
action of hyper-response and age, an observation not previ-
ously reported.

The linear relationship between live births per collection
and egg numbers is largely due to the increased number of
FET cycles that are attempted subsequent to the collection
cycle. Looking at the productivity rate per fresh and frozen
transfers, both increased significantly with oocyte recovery
rates but these rises were modest compared with viewing
them per collection. The rates per transfer with egg num-
bers presumably reflect the quality of the ‘best’ embryo(s).
There are two observations that can be made. One is that
over all age groups, fresh transfers can only deliver rates
of about 30% live birth per transfer and this rate will be
dependent on the age matrix of each clinic’s demographics.
Secondly, the live birth rate per transfer appears very stable
for 6–16 oocytes, refuting claims that an elevated hormonal
environment is detrimental. While fresh rates above 16 eggs
did not continue to rise as anticipated (Sunkara et al.,
2011), there were fewer collections and transfers and these
were cases deemed at minimal risk of OHSS. Where the risk
of OHSS was considered likely, all the embryos were frozen
and these collections are not represented in the fresh trans-
fer data. The rates are therefore less reliable such that the
impact of high hormone concentrations is less clear and neg-
ative effects at very high harvest rates, an observation sug-
gested from the linear regression models, cannot be ruled
out. Women who produce more than 20 oocytes usually
exhibit polycystic ovary syndrome symptoms and it is possi-
ble the proportion of viable embryos may be less.

Logistic regression modelling identifies the number of
embryos and the subset number of embryos that are frozen
as key variables in predicting the chance of one or more live
births per collection. Other variables such as the stimulation
protocol, the method of insemination, the day of transfer or
the number of embryos transferred were not found to be
significant indicators in this oocyte number model. This is
not surprising considering that these variables may influ-
ence the proportion of embryos frozen at low egg numbers
but as the harvest rates rise, have less impact. Ultimately,
the number frozen is the key determinate of the number
of thaws that are possible from any cohort. This is further
clarified by the significant contribution of live births from
frozen embryos to the total number of live births as oocyte
number increases (Figure 3). For oocyte numbers <8, only
20% of conceptions are from frozen embryos while for 8–16
oocytes, about 40% are from FET cycles. The impact of
freeze-all cycles is observed above 16 eggs. Similarly, the
mean number of FET cycles per collection was also directly
linked to egg numbers with 0.8 cycles per collection when
between 9–15 oocytes were harvested (Figure 3 insert).
Remember that once a live birth has been achieved, then
a limited number of couples will return for another cycle,
so this is an underestimate of the potential productivity
rate. In many cases, the remaining embryos will be dis-
carded or donated.

However not all frozen embryos are of similar quality to
those embryos transferred as fresh embryos. When the num-
ber of live births per oocyte or embryo were analysed as a
function of oocyte numbers, these key performance indica-
tors fell from values of 10% with few oocytes to less than 5%
with excessive oocyte numbers (Figure 4). In contrast and
paradoxically, the number of live births per embryo trans-
ferred significantly rose with oocyte recovery rates, high-
lighting the practice that with more embryos available the
embryos selected for transfer are of increasingly better
quality. Rates of 20% live births per transferred embryo sug-
gest that this may reflect the actual likelihood of a viable
implantation per embryo when spread over all transfers
over all ages (not just the best embryo in the best prognosis
cases). The increased selection opportunities that having
more oocytes provides is illustrated in Figure 5, where
the significant decrease in the proportion of frozen embryos
found suitable for transfer after thawing is documented.
The interpretation of this is that either the overall oocyte
quality diminishes with harvest rates or there are changes
in management practice whereby more embryos are dis-
carded. One practice could be that FET cycles may involve
the thawing of more embryos than required followed by
extended culture to day 5, the transfer of one blastocyst
and the discarding (or refreezing) of the balance. In other
words, more oocytes allows more embryos to be frozen,
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which in turn permits greater selection in embryo quality on
thawing, which in turn leads to an increase in the likelihood
that the couple will achieve one or more live births from the
egg collection with the fewest number of transfers.

The data suggest that while many follicles induced to
develop by ovarian stimulation are able to deliver oocytes
that have the potential to fertilize and cleave, far fewer
have the potential to produce live offspring. There is ample
evidence that not all mature follicles are functional (Van
Blerkom et al., 1997) and the follicular environment is
highly variable and related to pregnancy (Wallace et al.,
2012). This study provides some insight into how few viable
follicles actually exist in an ovarian stimulation cycle.

One criticism of using oocytes as a measure is that many
are recovered from small follicles and that these would
never be expected to deliver a pregnancy. Oocyte numbers
are the gold standard measure for all reporting and publica-
tions even though they are heterogeneous in quality. This
study has used a productivity rate approach to explore the
relationship between oocyte numbers and the opportunity
for repeated FET cycles to better understand the implica-
tions of pursuing a minimal stimulation model. Despite this,
there is no clear optimal number of oocytes to aim for as a
goal when deciding on the degree of stimulation except to
avoid OHSS, nor is there any recognized policy on how to
manage the frozen embryo asset to give the best prognosis
to the couple. This is more relevant when considering the
impact of minimal stimulation that seeks to address some
of these risks of OHSS by reducing or removing the depen-
dence on ovarian stimulation. It aims to reduce the number
of collected oocytes, promoting a model of repeated,
less-invasive treatment cycles (Zhang et al., 2010). How-
ever, repeated treatment cycles, while minimizing clinical
risks, do incur other costs especially during egg collection
and risks (such as patient distress) of not proceeding to
embryo transfer. An alternative approach is to attempt to
individualize treatment such as has been previously
reported using the PIVET algorithm (Yovich et al., 2012),
where an attempt was successfully made to reduce the risk
of OHSS by using an empirically derived dosage regimen to
minimize excessive recruitment based upon anti-Müllerian
hormone, antral follicle count, FSH and previous history.
The problem in attempting to individualise stimulation reg-
imens is firstly the difficulty in identifying target groups
(Nardo et al., 2011) and secondarily that there is no clear
‘optimal’ egg number to target if the couple’s chance of
pregnancy is not diminished by such action.

The linear and logistic regression models used here tar-
geted only the likelihood of a couple delivering one or more
babies as a result of a single egg collection. While the use of
multiple regression analysis to attempt to define the pro-
ductivity per oocyte, embryo or transferred embryo may
be of value to scientific or pharmaceutical staff, the pro-
ductivity of a cycle via all its transfer events is measured
from a clinical or patient’s perspective. This model ignores
whether one, two or more than two babies result from an
embryo transfer. From a clinical or patient’s perspective,
it was a successful outcome. The number of births resulting
from multiple transfers using embryos created from a single
collection is very small but it is a limitation of this model.
With the increasing trend to single-embryo transfer proce-
dures, this minor limitation will become irrelevant and
could result in an increased productivity rate due to more
FET procedures arising from a single TVOA.

When a couple undertakes an assisted reproduction
cycle, their aim is to have a family. For some, this may be
only one child, while for others, it may be many children.
They are interested in achieving this as quickly and as
cheaply as possible. In the early days of IVF, this may have
been achieved with the transfer of many embryos, to the
cost of the children’s and the mother’s welfare. Current
protocols minimizing the risk of multiple pregnancy means
that more than one transfer may be needed to meet the
couple’s family expectations. Whether these arise from
repeated egg collections or from a combination of fresh
and frozen transfers is of less concern to couples as long
as the cost and time is minimized. However, it is important
to clinicians and clinics, which need to consider the couple’s
family expectations when constructing a stimulation regi-
men for them. Current arguments to minimize stimulation
regimens by limited gonadotrophin exposure focus on the
egg collection as the primary vehicle for egg recovery while
disregarding the contributions that FET cycles can make and
going against the ovarian stimulation model routinely
employed. All the activity of the clinic, the clinical manage-
ment with drugs and other interventions including blood
tests and ultrasound scans, all the physical, financial costs
and medical risks to the patient and the likelihood of a preg-
nancy ultimately revolves around clinical decisions on a
defined dose of gonadotrophin, when to induce ovulation,
the recovery of oocytes, the fertilization method, usually
intracytoplasmic sperm injection, progressive embryology
management and finally transfer or cryopreservation of
embryos. While the egg collection is the primary activity
for all assisted reproduction treatment, it also carries all
the risk and costs to the woman and the child (Halliday
et al., 2010; Healy et al., 2010). In contrast, little attention
has been placed on the minimal intervention, cost and risk
that occur during an FET cycle.

This study has used the term ‘productivity rate’ for sev-
eral reasons. The first was to avoid confusion with the sim-
ilar term ‘cumulative pregnancy rate’. The latter term has
been used in various other ways, for instance to define con-
secutive cycles for life-table analysis (Haentjens et al.,
2009; Osmanagaoglu et al., 2003; Shulman et al., 2002;
van Disseldorp et al., 2007; Verpoest et al., 2009). Clarifying
the terminology, Zegers-hochschild et al. (2009) represent-
ing the International Committee for Monitoring Assisted
Reproductive Technology (ICMART) and the World Health
Organization (WHO) in their Revised Glossary on ART Termi-
nology defined CPR as ‘. . . the estimated number of deliver-
ies with at least one live born baby resulting from one
initiated or aspirated ART cycle including the cycle when
fresh embryos are transferred, and subsequent fro-
zen/thawed ART cycles’. There have been several recent
publications where CPR methodology was used as recom-
mended, such as analysing the impact of single-embryo
and double-embryo transfers including both fresh and fro-
zen transfers from a single collection (De Neubourg et al.,
2010; Lundin and Bergh, 2007), fresh and frozen oocytes
(Borini et al., 2006; Romano et al., 2010; Ubaldi et al.,
2010), natural and stimulated cycles (Pelinck et al., 2008)
and highly purified human menopausal gonadotrophin to
recombinant FSH (Wex-wechowski et al., 2010).
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Notwithstanding that some may regard CPR and produc-
tivity rate as synonymous expressions, this study uses ‘pro-
ductivity rate’ to specifically highlight its concept as a key
performance indicator which may be universally applicable
when comparing different treatment models. At its heart
is the view that it seeks to be independent of minor vari-
ables such as the day of transfer or the number of embryos
transferred and to focus on the delivery of patient-orien-
tated outcomes – a live birth from an egg collection event.
This study group believes that this view is vindicated given
that these variables were specifically excluded from the
regression models that look at the final endpoint rather than
outcomes of individual transfers. In many other reports,
failed fertilizations and freeze-all cycles are excluded
whereas in this model they are easily managed. The produc-
tivity rate is at best a minimal rate since not all women will
have all their frozen embryos transferred because they may
not have returned for subsequent pregnancies or they may
have achieved the number of children that meets their
needs for family. The remaining embryos will ultimately
be discarded or donated and since this may extend to
10 years or more, the number of live births will never reflect
all the competency of all oocytes collected. This is not nec-
essarily a criticism of using this, rather an acknowledgement
that it is an underestimate of the true value. Productivity
rate by definition needs to be conducted over a reasonably
long time and is another limitation of its use. Ironically, the
model may also be used in a general attempt to minimize
the unnecessary freezing of embryos by relating the cou-
ple’s expectation against the number of oocytes the clini-
cian plans to recover.

The impact of oocyte numbers on the health and welfare
of the children has not been considered in this study. These
data do not support the suggestion that elevated hormone
concentrations are detrimental to pregnancy resulting from
either fresh or frozen embryo transfer. Suggestions that all
embryos should be frozen and transferred back via FET are
not supported by these observations. However, if future
studies find associations between increased paediatric risk
or diminished childhood welfare and the hormone environ-
ment associated with fresh embryo transfers, then these
data may also be used to provide confidence that the conse-
quences of freeze-all and repeated FET cycles on the CPR
will all be unaffected.

In summary, this article seeks to define a couple’s
chance of pregnancy not by the age of the woman, but by
her response to stimulation. While age or anti-Müllerian hor-
mone may be helpful to a clinician and a couple prior to
starting their first treatment, oocyte numbers are the key
determinate of success, primarily because of the contribut-
ing effect of embryo freezing and thawing. Each regimen
that seeks to significantly reduce the number of oocytes
recovered, regardless of age will diminish the overall
chance of a couple achieving a live birth and increase the
necessity of a repeat stimulation cycle. Age may influence
the number of oocytes, but it is the number of oocytes that
directly controls outcome. While stimulation type, day of
transfer or the number of embryos transferred are of inter-
est, they do not play a significant effect on a live birth. Only
the number of thaw cycles contributes to an increase in live
births and thereby a higher productivity rate. These data
may be used to enable clinics to set individualized targets
for egg collections that are a balance between the risks of
hyperstimulation, costs and time constraints of the patients
and the knowledge that each additional FET has the
potential to increase the likelihood of pregnancy when
viewed through a productivity rate model. It implies a need
to aim for a reasonable number of oocytes (e.g. 8–12) from
any stimulated cycle in order to confer the full benefits
denoted by the productivity rate.

References

Borini, A., Lagalla, C., Bonu, M.A., Bianchi, V., Flamigni, C.,
Coticchio, G., 2006. Cumulative pregnancy rates resulting from
the use of fresh and frozen oocytes: 7 years’ experience.
Reprod. Biomed. Online 12, 481–486.

de Mouzon, J., Goossens, V., Bhattacharya, S., Castilla, J.A.,
Ferraretti, A.P., Korsak, V., Kupka, M., Nygren, K.G., Nyboe
Andersen, A., 2012. Assisted reproductive technology in Europe,
2007: results generated from European registers by ESHRE. Hum.
Reprod. 27, 954–966.

De Neubourg, D., Daels, C., Elseviers, M., Mangelschots, K.,
Vercruyssen, M., Van Royen, E., 2010. Cumulative live-birth
delivery after IVF/ICSI since the progressive introduction of
single-embryo transfer. Reprod. Biomed. Online 20, 836–842.

Fauser, B.C., Devroey, P., Yen, S.S., Gosden, R., Crowley Jr, W.F.,
Baird, D.T., Bouchard, P., 1999. Minimal ovarian stimulation for
IVF: appraisal of potential benefits and drawbacks. Hum.
Reprod. 14, 2681–2686.

Fiedler, K., Ezcurra, D., 2012. Predicting and preventing
ovarian hyperstimulation syndrome (OHSS): the need for indi-
vidualized not standardized treatment. Reprod. Biol. Endocri-
nol. 10, 32.

Haentjens, P., Evenepoel, J.A., Devroey, P., Collins, J., Tournaye,
H., 2009. Cumulative delivery rates in different age groups after
artificial insemination with donor sperm. Hum. Reprod. 24,
1891–1899.

Halliday, J., Ukoumunne, O.C., Baker, G.H.W., Breheny, S.,
Jaques, A.M., Garrett, C., Amor, D., 2010. Increased risk of
blastogenesis birth defects, arising in the first 4 weeks of
pregnancy, after assisted reproductive technologies. Hum.
Reprod. 25, 59–65.

Healy, D.L., Breheny, S., Halliday, J., Jaques, A., Rushford, D.,
Garrett, C., Talbot, J.M., Baker, H.W., 2010. Prevalence and
risk factors for obstetric haemorrhage in 6730 singleton births
after assisted reproductive technology in Victoria Australia.
Hum. Reprod. 25, 265–274.

Kato, O., Teramoto, S., 2007. Minimal ovarian stimulation with
clomiphene citrate: a large-scale retrospective study. Reprod.
Biomed. Online 15, 134–148.

Lundin, K., Bergh, C., 2007. Cumulative impact of adding fro-
zen-thawed cycles to single versus double fresh embryo trans-
fers. Reprod. Biomed. Online 15, 76–82.

Nardo, L., Fleming, R., Howles, C., Bosch, E., Hamamah, S., Ubaldi,
F.M., Huques, J.N., Balen, A.H., Nelson, S.M., 2011. Conven-
tional ovarian stimulation no longer exists: welcome to the age
of individualized ovarian stimulation. Reprod. Biomed. Online
23, 141–148.

Olivennes, F., Howles, C.M., Borini, A., Germond, M., Trew, G.,
Wikland, M., Zegers-Hochschild, F., Saunders, H., Alam, V.CON-
SORT study group, 2009. Individualizing FSH dose for assisted
reproduction using a novel algorithm: the CONSORT study.
Reprod. Biomed. Online 18, 195–204.

Pelinck, M., Knol, H., Vogel, N.A., Arts, E.G., Simons, A.H.,
Heineman, M.J., Hoek, A., 2008. Cumulative pregnancy rates
after sequential treatment with modified natural cycle IVF
followed by IVF with controlled ovarian stimulation. Hum.
Reprod. 23, 1808–1814.

http://refhub.elsevier.com/S1472-6483(13)00342-8/h0005
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0005
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0005
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0005
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0010
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0010
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0010
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0010
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0010
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0015
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0015
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0015
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0015
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0020
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0020
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0020
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0020
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0025
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0025
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0025
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0025
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0030
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0030
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0030
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0030
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0035
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0035
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0035
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0035
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0035
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0040
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0040
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0040
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0040
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0040
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0045
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0045
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0045
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0055
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0055
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0055
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0050
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0050
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0050
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0050
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0050
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0140
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0140
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0140
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0140
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0140
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0060
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0060
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0060
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0060
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0060


296 JD Stanger, JL Yovich
Osmanagaoglu, K., Vernaeve, V., Kolibianakis, E., Tournaye, A.,
Camus, M., Van Steirteghem, A., Devroey, P., 2003. Cumulative
delivery rates after ICSI treatment cycles with freshly retrieved
testicular sperm: a 7 year follow-up study. Hum. Reprod. 18,
1836–1840.

Shulman, A., Menashe, K., Laor, A., Levron, J., Madgar, Y., Bider,
D., Rabinovitz, Y., Seidman, D., Raviv, G., Maschiachi, S., Dor,
J., 2002. Cumulative pregnancy rate following IVF and intracy-
toplasmic sperm injection with ejaculated and testicular sper-
matozoa. Reprod. Biomed. Online 4, 151–156.

Stanger, J., Wong, J., Conceicao, J., Yovich, J., 2012. Vitrification
of human embryos previously cryostored by either slow freezing
or vitrification results in high pregnancy rates. Reprod. Biomed.
Online 24, 314–320.

Sullivan, E.A., Wang, Y.A., Chambers, G., 2010. Assisted reproduc-
tive technology in Australia and New Zealand 2008. Cat. No. PER
49. Canberra: AIHW.

Sunkara, S.K., Rittenberg, V., Raine-Fenning, N., Bhattacharya, S.,
Zamora, J., Coomarasamy, A., 2011. Association between the
number of eggs and live birth in IVF treatment: an analysis of
400135 treatment cycles. Hum. Reprod. 26, 1768–1774.

Ubaldi, F., Anniballo, R., Romano, S., Baroni, E., Albricci, L.,
Colamaria, S., Capalbo, A., Sapienza, F., Vajta, G., Rienzi, L.,
2010. Cumulative ongoing pregnancy rate achieved with oocyte
vitrification and cleavage stage transfer without embryo selec-
tion in a standard infertility program. Hum. Reprod. 25,
1199–1205.

Van Blerkom, J., Antczak, M., Schrader, R., 1997. The develop-
mental potential of the human oocyte is related to the dissolved
oxygen content of follicular fluid: association with vascular
endothelial growth factor levels and perifollicular blood flow
characteristics. Hum. Reprod. 12, 1047–1055.

Van Disseldorp, J., Eijkemans, M.J.C., Klinkert, E.R., te Velds, E.R.,
Fauser, B.C., Broekmans, F.J., 2007. Cumulative live birth rates
following IVF in 41- to 43-year-old women presenting with
favourable ovarian reserve characteristics. Reprod. Biomed.
Online 14, 455–463.
Verpoest, W., Haentjens, P., De Rycke, M., Staessen, C., Sermon,
K., Bonduelle, M., Devroey, P., Liebaers, I., 2009. Cumulative
reproductive outcome after preimplantation genetic diagnosis: a
report on 1498 couples. Hum. Reprod. 24, 2951–2959.

Wallace, M., Cottell, E., Gibney, M., McAuliffe, F., Wingfield, M.,
Brennan, L., 2012. An investigation into the relationship
between the metabolic profile of follicular fluid, oocyte devel-
opmental potential, and implantation outcome. Fertil. Steril.
97, 1078–1084.

Wex-Wechowski, J., Abou-Setta, A., Kildegaard Nielsen, S., Ken-
nedy, R., 2010. HP-HMG versus rFSH in treatments combining
fresh and frozen IVF cycles: success rates and economic
evaluation. Reprod. Biomed. Online 21, 166–178.

Yovich, J.L., Stanger, J.D., 2010. Growth hormone supplementation
improves implantation and pregnancy productivity rates for
poor-prognosis patients undertaking IVF. Reprod. Biomed.
Online 21, 37–49.

Yovich, J., Stanger, J., Hinchcliffe, P., 2012. Targeted gonadotro-
phin stimulation using the PIVET Algorithm markedly reduces the
risk of ovarian hyperstimulation syndrome. Reprod. Biomed.
Online 24, 281–292.

Zegers-hochschild, F., Adamson, G., de Mouzon, J., Ishihara, O.,
Mansour, R., Nygren, K., Sullivan, E., van der Poel, S., 2009. The
International Committee for Monitoring Assisted Reproductive
Technology (ICMART) and the World Health Organization (WHO)
Revised Glossary on ART Terminology, 2009. Hum. Reprod. 24,
2683–2687.

Zhang, J., Chang, L., Sone, Y., Silber, S., 2010. Minimal ovarian
stimulation (mini-IVF) for IVF utilizing vitrification and cryopre-
served embryo transfer. Reprod. Biomed. Online 21, 485–495.

Declaration: The authors report no financial or commercial
conflicts of interest.

Received 10 February 2013; refereed 23 May 2013; accepted 30 May
2013.

http://refhub.elsevier.com/S1472-6483(13)00342-8/h0070
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0070
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0070
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0070
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0070
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0075
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0075
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0075
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0075
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0075
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0080
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0080
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0080
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0080
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0085
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0085
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0085
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0085
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0085
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0090
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0090
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0090
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0090
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0090
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0090
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0100
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0100
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0100
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0100
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0100
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0095
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0095
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0095
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0095
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0095
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0105
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0105
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0105
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0105
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0110
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0110
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0110
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0110
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0110
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0115
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0115
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0115
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0115
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0120
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0120
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0120
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0120
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0125
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0125
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0125
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0125
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0130
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0130
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0130
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0130
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0130
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0130
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0135
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0135
http://refhub.elsevier.com/S1472-6483(13)00342-8/h0135

	Follicle recruitment determines IVF productivity  rate via the number of embryos frozen  and subsequent transfers
	Introduction
	Materials and methods
	Definitions
	Statistical analysis
	Ethical considerations

	Results
	Discussion
	References


