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Abstract
Background: The outcome of in vitro fertilization (IVF) has been widely investigated over the last thirty
years, but evaluation was mostly based on pregnancy rate per oocyte retrieval. Our objective was to
HAL author manuscript

estimate the cumulative live birth rate after 4 IVF aspirations, using multiple imputation which takes
into account treatment interruptions.
Methods: We analysed data from 3037 couples beginning IVF treatment between 1998 and 2002 in
two French IVF units. Multiple imputations were used at each aspiration to impute the IVF outcome
(delivery or not) for couples who interrupted treatment. The global success rate after four aspirations
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was then computed.
Results: At the first aspiration, 21% of couples obtained a live birth and 25% discontinued treatment.
The multiple imputation method provided an estimated cumulative live birth rate at each aspiration as
if no couple discontinued treatment: 35% at the second aspiration and 41% at the third. The
cumulative success rate after four aspirations was estimated at 46% (95% CI: 44%-48%).
Conclusions: Multiple imputation is a promising method for estimating the cumulative success rate of
IVF. It could provide new insight on IVF evaluation and should be tested in further studies.

Key words
IVF, cumulative success rate, multiple imputation
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Introduction
About 9 to 14% of couples have difficulty in conceiving a child (Boivin et al., 2007; Thonneau et al.,
1991). To address these subfertility problems, assisted reproductive technology, in vitro fertilization
HAL author manuscript

(IVF) in particular, has developed. Following Min Chueh Chang's application of in vitro fertilization to
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animals in 1959, the technique was developed for humans by Patrick Steptoe and Robert Edwards in
the United Kingdom (Steptoe and Edwards, 1978). The first "test-tube baby", Louise Brown, was born
in Oldham, England, on July 25, 1978. Nowadays, more than 41 000 aspiration cycles are performed
annually in France, 46 500 in Germany, 24 500 in the UK and 63 500 in the USA (Adamson et al.,
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2006). Averaging data from 49 countries, the world collaborative report estimated that pregnancy rate
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was 27% and delivery rate 19% (Adamson et al., 2006). In France, these percentages were 24% for
pregnancies and 18% for deliveries (Adamson et al., 2006).
To date, there is no single simple answer as to how success in assisted reproduction should
be measured. An important debate took place on this issue in Human Reproduction in 2004. The
original article (Min et al., 2004) encouraging programmes to report the Birth Emphasizing a
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Successful Singleton at Term (BESST) gave rise to much discussion. Besides, most reported success
rates are based on the number of pregnancies or deliveries per aspiration cycle, excluding results
from frozen embryo transfers.
Instead of considering each aspiration, a different approach would be to consider the whole
run from the first to the last aspiration in the assisted conception unit. Using this measure, we would
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be able to inform couples starting IVF treatment of their chances of having a child. This approach
requires taking into account the fact that some couples abandon treatment without a successful
pregnancy. Classically, life table analysis is used to estimate a cumulative success rate. It assumes
that couples discontinuing treatment have the same chance of having a child as couples who
continue. Sharma et al. retrospectively analysed data from 2056 patients undergoing 2708 IVF cycles
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from April 1992 to March 1999 in the assisted conception unit of a university hospital in the United
Kingdom (Sharma et al., 2002). After four aspirations, the estimated cumulative success rate obtained
with a life table analysis reached 75% for clinical pregnancies and 66% for live births.
Using questionnaires sent to 1510 couples who had undergone IVF treatment at Ninewells
Hospital and Medical School in Dundee (Scotland) between January 1995 and December 2001,

30

Rajkhowa et al. estimated that 25% of couples not pregnant after the first aspiration discontinued

4
treatment (Rajkhowa et al., 2006). This proportion could be similar in countries where state funding
exists. In a retrospective cohort study of 202 couples applying for their first assisted reproductive
technology treatment cycle between July 1993 and December 1994 in a university hospital-based
HAL author manuscript

tertiary care fertility clinic in the Netherlands (where costs are covered by health cost insurance), Land
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et al. estimated that after one aspiration without achieving pregnancy, 26% of couples interrupt the
treatment (Land et al., 1997). Sharma et al. estimated that this proportion reaches 64% in the United
Kingdom where state funding is low (Sharma et al., 2002). Moreover, they noted that patients who
discontinued treatment after the first aspiration differed from those who had a second aspiration in age
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(≤35, >35), number of oocytes retrieved (≤5, >5) and number of embryos transferred (≤2, >2): women
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who discontinued treatment were more likely to be older than 35 years, to have 5 or fewer oocytes
retrieved and to have 2 or fewer embryos transferred. Thus, it seems likely that couples discontinuing
treatment have fewer chances of having a child than couples continuing treatment, and we cannot
disregard the large number of couples discontinuing treatment before they in fact conceive. Such
differences raise doubts about the basic assumption of life table estimates, which is that women
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discontinuing treatment would have the same chance of having a child as those who continue.
The aim of this work is to apply an imputation method that takes into account women
interrupting treatment in order to estimate the probability that a woman entering an IVF programme
would conceive if she did not interrupt treatment.
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Materials and Methods
Materials
Data were provided by two French IVF units (Cochin in Paris and Clermont-Ferrand, a medium-sized
city in the centre of France). All women having their first aspiration in the unit between 1998 and 2002
were included. All women included thus had at least one aspiration. Information was collected from
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medical records and concerned all aspirations (both conventional IVF and intracytoplasmic sperm
injection, ICSI) undergone by the patient in the IVF unit, as well as data on frozen embryo transfers
(FET), up to 2005. The data collected were the woman’s date of birth, date of aspiration, number of
oocytes retrieved, IVF technique used, number of embryos transferred, number of embryos frozen,
pregnancy and delivery.
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Data collection was discontinued after the woman’s fourth aspiration, four being the number of
aspirations which is refunded by the French social security system. Therefore, for these first four
cycles, the economic factor did not intervene.

HAL author manuscript

Elective single embryo transfer was not applied and treatment-independent pregnancies were
not included.
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The standard stimulation protocol associated pituitary desensitization, with a daily agonist
started in the luteal phase, and stimulation with gonadotrophins (hMG or recombinant FSH).
No woman aged over 42 was included unless she had a normal ovarian reserve and a specific
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IVF indication. The ovarian reserve was used as an inclusion criterion for couples aged over 37.
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Definitions
An attempt was defined as an aspiration, i.e. an oocyte pick-up. Success was defined as a delivery
resulting from fresh or frozen embryo transfer. Only the first delivery was considered here.
Consequently, each rate was calculated among women who underwent aspiration and who did not
conceive at one of the preceding transfers. Interruption of treatment was defined as no event
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(aspiration, embryo transfer, frozen embryo transfer, pregnancy or delivery) recorded in the IVF unit
for at least two years at the time of data acquisition.

Methods
Three methods were applied to estimate the IVF success rate. The first two were basic statistical
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methods, while the third was a new method tested here.
1. Kaplan-Meier life table analysis: as already stated, it assumes that women discontinuing
treatment would have the same chance of conceiving as women continuing treatment.
2. Observed percentage: this method consists of counting the total number of successes and
dividing it by the number of women who underwent a first aspiration. This observed
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percentage is taken as the success rate. It assumes that no woman discontinuing treatment
would have had a child if she had continued.
3. Multiple imputation (Little and Rubin, 2002; Schafer, 1997): as there were no subsequent IVF
aspirations after interruption, the corresponding data were treated as missing. Their values
were estimated using the known characteristics of the woman and of her previous aspirations,

6
according to imputation methodology. Simple imputation replaces each missing value by a

90

single value. This does not take into account the uncertainty about the correct value to impute.
Multiple imputation therefore replaces each missing value with a set of plausible values. Each
HAL author manuscript

complete data set is then analysed using standard statistical methods for complete data and
results are combined.
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Thus, multiple imputation inference involves three phases:
1. The missing data are filled in m times to generate m complete data sets.
2. The m complete data sets are analysed using standard statistical methods.
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3. The results from the m complete data sets are combined to produce inferential results. The
final estimate is the average of the m estimates.

100

Multiple imputation was carried out using the SAS MI procedure (SAS Institute Inc. 2004. SAS/STAT®
9.1 User’s Guide. Cary, NC: SAS Institute Inc.).

All women included underwent at least one aspiration, so they all had a response (success or failure)
at the first aspiration and no imputation was necessary. At the second aspiration, we did not impute
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data for women whose first aspiration was successful (only the first delivery was of interest), nor for
women who had a second aspiration (their response was not missing). Thus, at the second aspiration
we imputed data for women whose first aspiration was not successful and who discontinued
treatment. Then at the third aspiration, we imputed data for women who had no success (observed or
imputed) at the preceding aspirations and who did not undergo a third aspiration. Similarly, at the
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fourth aspiration, we imputed data for women who had no success (observed or imputed) at the
preceding aspirations and who discontinued before the fourth aspiration. Following Rubin’s
recommendations, we made 5 imputations by aspiration (Rubin, 1996). For an aspiration, each
imputation gave a success rate, which was the number of successes (observed or imputed) at this
aspiration divided by the number of women. These estimates were combined to result in one estimate
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per aspiration. For the success rate, the combination was the mean of the estimates, i.e. the sum of
the estimates for the aspiration (one per imputation) divided by the number of imputations. For the
cumulative success rate, the same approach was used, the estimate being the number of women
having had at least one success at the aspiration or at the preceding ones divided by the number of
women.

7
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The variables included in the multiple imputation model to estimate the outcome (delivery or
not) were the IVF unit, the woman’s age at the aspiration date, the number of oocytes retrieved and
the total number of embryos (defined as the sum of the number of embryos transferred and the
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number of embryos frozen). Consequently, the probability of success was predicted according to
these covariates, which are frequently cited in the literature as factors affecting success for in vitro
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fertilization. In the imputation process, linear regression was used for the characteristics (woman’s
age, number of oocytes retrieved and total number of embryos), and the discriminant function method
was used for the outcome, which was a binary variable (success/failure).
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Results
130

Data concerned 3037 women. Table I describes the study population by IVF unit. The population was
almost equally distributed between the two IVF units (52% in Cochin and 48% in Clermont-Ferrand)
and between the two IVF techniques (conventional IVF and ICSI) at the first aspiration. On average,
women were 33 years old and 10 oocytes were retrieved at the first aspiration. From these oocytes,
an average of 5 embryos was obtained, 2 were transferred and 2 were frozen. In 58% of these first
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aspirations, no embryo was frozen. Transfers of 3 to 5 embryos were in a large majority (91%)
transfers of 3 embryos. At the first aspiration, only 1% of the transfers in Cochin and 2% of the
transfers in Clermont were transfers of 4 or 5 embryos.
Women underwent an average of 2 aspirations in the unit (standard deviation = 1.2), the range
being 1 to 8. 41% of the women underwent only one aspiration and 69% underwent one or two
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aspirations. For 64% of the women, the time elapsing between the first aspiration and the last event
recorded in the unit was less than 24 months.
Birth rate decreased as the aspiration rank increased, i.e. as the number of aspirations
increased (Table II). The interruption rate per aspiration cycle was high and increased as the
aspiration rank increased (Table II).
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Table III compares, at the first aspiration, women interrupting treatment without having a child,
women continuing and undergoing another aspiration without previously having a child, and women
having a child. Women interrupting treatment were significantly more likely to be older than 35 years,
to have 5 or fewer oocytes retrieved and to have more than 2 embryos.

8
Table IV presents the results of multiple imputation according to aspiration rank. The observed
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success rate was 21% at the first aspiration (no imputation performed), and the estimated rates with
imputation were 18% at the second, 9% at the third and 8% at the fourth aspiration. The cumulative

HAL author manuscript

success rates were 35% at the second, 41% at the third and 46% at the fourth aspiration.
The proportion of imputed data were 30% at the second aspiration (30% of women failing at
the first aspiration interrupted treatment), 55% at the third aspiration (55% of women failing at the first
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and at the second aspirations - observed or imputed failures - interrupted treatment) and 71% at the
fourth aspiration (71% of women failing at the first, second and third aspirations - observed or imputed
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failures - interrupted treatment).
Table V presents the success rates after four aspirations as estimated with multiple imputation
and the two basic methods. The success rate after four aspirations estimated with multiple imputation

160

was 46%. Life table analysis (Kaplan-Meier) gave a 52% success rate after four aspirations. The
observed percentage was 37%.

Discussion
According to our data, 37% of the couples entering an IVF unit leave it with a child. This
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percentage results from both the efficacy of the IVF technique and the acceptability (physical,
psychological and social factors) of the IVF programme. To estimate a success rate precluding
acceptability, we applied to our data a multiple imputation method that takes into account women
interrupting treatment. The estimated cumulative IVF success rate (i.e. delivery rate) after four
aspiration cycles was 46%.
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This study developed an innovative approach to the estimation of success in IVF. The
objective was to consider the IVF programme in its entirety by linking all the aspiration cycles
undergone by a woman. Success was considered as the result of one or more aspirations, including
frozen embryo transfers (FET). These represented a sizeable proportion of all transfers (30%) and
successful pregnancies were in fact achieved: 8% of FET resulted in deliveries.
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In comparison with women having a second aspiration, those dropping out after the first
aspiration were older (more women were aged over 35 years), were more likely to have had 5 or fewer
oocytes retrieved and were more likely to have had a total number of embryos (transferred and frozen)
greater than 2. No difference was found in the number of embryos transferred, which in most cases

9
was two. All in all, patients with poor prognostic factors were more likely to drop out, even if poor
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prognosis was not per se the only reason for abandon. Consequently, women interrupting treatment
had rather lower chances of having a child. Except with regard to embryos, these results are in line
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with those of Sharma et al. (Sharma et al., 2002) but contrast with those of Roest et al. (Roest et al.,
1998). These authors showed no difference in fertilization rate or in predictors of poor treatment
outcome (oocyte yield ≤2 and replacement of <2 embryos) in the first and second cycles between
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patients who continued treatment and those who dropped out, in 1211 patients of the IVF programme
at the Zuiderziekenhuis in Rotterdam (the Netherlands) who had their first attempt between January
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1989 and June 1994 (Roest et al., 1998).
Few studies have attempted to take into account successive aspirations in women entering an
IVF programme. Using life table analysis, Sharma et al. estimated that the cumulative live birth rate
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after four aspirations was 66% (Sharma et al., 2002). With the same method, Stolwijk et al. estimated
the success rate at 56%, using data from 1315 couples who underwent their first IVF treatment from
March 1991 to December 1997 at the University Hospital Nijmegen in the Netherlands (Stolwijk et al.,
2000). Finally, Olivius et al. found a success rate of 69% in a retrospective, observational study of 974
couples (1985 stimulated cycles initiated) who started their first conventional IVF or ICSI cycle

195

between January 1996 and December 1997 in a university hospital in Sweden (Olivius et al., 2002).
As women discontinuing treatment have lower chances of having a child than women
continuing treatment, life table estimations are optimistic and overestimate the success rate. On the
contrary, cumulative success rates after four aspirations estimated by the observed percentage are
pessimistic and underestimate the success rate. Stolwijk et al. and Olivius et al. found 42% and 55%
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respectively (Olivius et al., 2002; Stolwijk et al., 2000). These authors proposed more realistic
estimates, between the pessimistic and the optimistic estimates.
Stolwijk et al. proposed that women interrupting treatment after failing should be divided in two
groups according to the reason for discontinuation (Stolwijk et al., 2000). Women interrupting because
of a medical reason were supposed to have a probability of having a child in the future equal to zero
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(observed percentage method). Women interrupting because of a reason other than medical were
supposed to have the same probability of delivery as women continuing after a failed attempt (KaplanMeier method). Thus, they estimated the success rate at 52%. Olivius et al. used the same idea,
dividing women cancelling treatment according to their prognosis (poor/not poor) (Olivius et al., 2002).

10
In this case, the estimated success rate was 65%. These methods are attractive. We generalized the
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method, estimating the probability of success not only by prognosis group but for each woman. Thus,
our multiple imputation method works as if each group consisted of only one woman and then her
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probability of delivery is determined according to her characteristics.
The cumulative success rate given by multiple imputation after four aspirations was 46%. This
is a pertinent estimation of the probability that a couple entering an IVF unit will have a child if they do
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not interrupt the treatment until four aspirations or a delivery.
Our estimations (pessimistic 37% (observed percentage), realistic 46% (multiple imputation)
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and optimistic 52% (Kaplan-Meier)) were lower than those of Stolwijk et al. and Olivius et al. This is
consistent with the world collaborative report (Adamson et al., 2006) which observed that France had
lower pregnancy and delivery rates (24% and 18%) than Sweden (30% and 23%) and a lower
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pregnancy rate than the Netherlands (30%, delivery rate not available).
Compared with the methods of Stolwijk and Olivius, multiple imputation has the advantage of
providing completed data sets, which include both observed and imputed data. The total number of
successes (observed percentage) is thus available and it is no longer necessary to use life table
analysis to estimate the success rate. It is then possible to use these data sets to consider aspects
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other than success rate estimation, and particularly to analyse factors associated with IVF outcome.
Our method is thus promising, even if some points require closer investigation. First, multiple
imputation worked well with two IVF units. The results did not differ if we entered the IVF unit as a
covariate in the imputation model and then examined the results by IVF unit, or if we carried out
imputation separately for each IVF unit. This demonstrates that the unit effect was well dealt with by
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the multiple imputation model. However, we have to examine the results with more than two IVF units.
Then multiple imputation until the fourth aspiration cycle implied that a large proportion of the data
were simulated at the last aspiration cycles. Despite that, the confidence intervals are small. But
simulations should be done to determine how reasonable it is to impute such a large proportion of
missing data. Furthermore, multiple imputation assumes that missing data are Missing At Random
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(MAR), which means that, given the observed data, the missingness mechanism does not depend on
the unseen data. The MAR assumption can never be tested but the main predictors were included in
the imputation model, so that we were as close as possible to the MAR assumption. Finally, the
covariates included here (woman’s age, number of oocytes retrieved and total number of embryos)

11
are factors affecting success that are often found in the literature. Moreover, no other
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sociodemographic data on women were available at the time of analysis. Consequently, more
research should be done to decide which covariates should be included in the imputation model, to
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better estimate the probability of success of each woman.

In conclusion, multiple imputation is a promising method. It can provide an estimated cumulative
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success rate for IVF that takes into account the chances of delivery of women interrupting treatment,
and it should be more thoroughly explored. IVF results would gain in transparency if they presented
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not only the result aggregating the efficacy and the acceptability of the technique (result given by the
observed percentage), but also separate results for efficacy (for example with multiple imputation) and
for acceptability (one of its aspects being given by the interruption rate). It would be very interesting to
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use multiple imputation in another context, such as in other countries where interruption rates and
reasons for interrupting treatment are different, and to compare the results. Couples starting an IVF
programme ask for the fullest information possible, and the success rate after four aspirations is
concrete information.
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Table I. Characteristics at the first aspiration of patients at the two IVF units
IVF Unit
Clermont
Cochin
N
%
N
%
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Patient age (years)
17 - 34
35 - 39
40 - 46

1028
338
87

71
23
6

983
469
132

62
30
8

Technique
IVF
ICSI

888
565

61
39

762
808

49
51

Oocytes retrieved
0-6
7 - 15
16 - 60

537
679
237

37
47
16

546
786
247

35
50
16

Embryos obtained
0-1
2-3
4 - 33

295
334
824

20
23
57

305
401
864

19
26
55

Embryos transferred
0-1
2
3-5

374
765
314

26
53
22

369
1014
181

24
65
12

Embryos frozen
0
1-2
3 - 21

1009
185
259

69
13
18

756
325
484

48
21
31
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Table II. Outcomes according to aspiration rank
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Aspiration
rank

N

Women
succeeding (%)

Women failing and
continuing (%)

Women failing and
interrupting (%)

1
2

3037
1624

21
19

55
52

24
29

3
4

813
397

13
13

55
48

31
39
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Table III. Women's characteristics according to the outcome of the first
aspiration
Characteristic
HAL author manuscript
inserm-00250233, version 1

Patient age (years)
<=35
>35
Number of oocytes retrieved
<=5
>5
Number of embryos transferred
<=2
>2
Total number of embryos**
<=2
>2

Women
succeeding

Women failing
and continuing

Women failing
and interrupting

Chisquare
test*

N

%

N

%

N

%

p-value

542
108

83
17

1219
440

73
27

458
270

63
37

< .0001

105
545

16
84

478
1176

29
71

253
475

35
65

.004

528
122

81
19

1376
263

84
16

618
110

85
15

.56

165
484

25
75

904
734

55
45

360
365

50
50

.01

*For "women failing and continuing" vs. "women failing and interrupting"
**Sum of the number of embryos transferred and the number of embryos frozen
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Table IV. Multiple imputation estimation of success according to aspiration
rank
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Aspiration rank

Estimated
success
rate (%)

95% CI

Cumulative
success
rate (%)

95% CI

1
2

21*
18

20 - 23
16 - 20

21
35

20 - 23
33 - 37

3
4

9
8

7 - 11
6 - 11

41
46

39 - 43
44 - 48
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*Observed percentage
(all women underwent at least one aspiration)
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Table V. Estimated success rates after four aspirations
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Method

Estimated
success
rate (%)

95% CI

Kaplan-Meier

52

49 - 55

Observed percentage

37

35 - 38

Multiple imputation

46

44 - 48
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