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     Abbreviations

ART Artificial reproductive technology
AUCROC Area under receiver operating curve

CCND2 Cyclin D2
CP Cerebral palsy

cSET Compulsory single embryo transfer
(SET when only one embryo is available for transfer)

CTNND1 Catenin delta-1
CXCR4 CXC chemokine receptor 4

DET Double embryo transfer
DHCR7 7-dehydrocholesterol reductase

DVL3 Dishevelled dsh homolog 3
DZ Dizygotic
EC Early cleavage

eSET Elective single embryo transfer
(SET when more than one embryo is available for transfer)

ET Embryo transfer
FISH Fluorescent in situ hybridization
GP General practitioner

GPX3 Glutathione peroxidase 3
GQE Good quality embryo
hCG Human chorionic gonadotropin

HSPB1 Heatshock 27 kDa protein 1
ICER Incremental cost-effectiveness ratio
ICSI Intracytoplasmic sperm injection

IUI Intra-uterine insemination
IVF In vitro fertilization

MNB Multinucleated blastomere
MZ Monozygotic

NEC Non-early cleavage
NICU Neonatal intensive care unit
NPB Nucleolar precursor body

OHSS Ovarian hyperstimulation syndrome
OPU Ovum pick up

OR Odds ratio
PGD Preimplantation genetic diagnosis

PGS-AS Preimplantation genetic screening � aneuploidy screening
PN Pronucleus
PR Pregnancy rate

qRT-PCR Quantitative real-time polymerase chain reaction
RCT Randomized controlled trial
ROS Reactive oxygen species
SET Single embryo transfer
SP Singleton pregnancy

TLDA Taqman low density array
TP Twin pregnancy

TRIM28 Tripartite motif-containing 28

Opmaak Proefschrift.indd   9 13-04-2007   08:20:35



10

Opmaak Proefschrift.indd   10 13-04-2007   08:20:35



11

CHAPTER 1 

General Introduction
 

Opmaak Proefschrift.indd   11 13-04-2007   08:20:35



12

Chapter 1

Preface
Human reproduction can be considered very inef�cient. Per menstrual 
cycle, around 30% of the conceptions is lost before implantation, another 
30% is lost after implantation but before recognition of a pregnancy by 
the woman and 10% is lost after clinical con�rmation of a pregnancy. 
Eventually only 30% of all conceptions will result in a live born child (Macklon 
et al., 2002). Within one year, around 90% of the couples trying to achieve 
a pregnancy, will succeed (Taylor, 2003). However, about 10% of the 
couples is confronted with subfertility, i.e. not achieving a pregnancy in 
spite of regular intercourse aimed at conception for more than 12 months 
(Beurskens et al., 1995; Evers, 2002). 
The aetiology is diverse: ovulation failure (25%), semen anomalies (30%), 
tubal factors (20%), endometriosis (5%) and unexplained (25%). This 
exceeds 100% as some couples have more than one cause of subfertility. 
Roughly, it can be said that in 30% of the couples subfertility is caused 
by a female factor, in 30% by a male factor and in another 30% by a 
combination of both a male and a female factor. For the remaining 10% 
the cause is unknown (Cahill and Wardle, 2002). 
Depending on the diagnosis, an appropriate treatment like ovulation 
induction, intrauterine insemination (IUI) or in vitro fertilization (IVF) with or 
without intracytoplasmic sperm injection (ICSI) can be applied. The latter 
is the last resort for severe subfertility cases and longstanding unexplained 
subfertility. More than 257,000 IVF cycles are performed each year in 
Europe, of which almost 15,000 in The Netherlands. Nowadays, depending 
on the country, 1.3-4.2% of the newborns in Europe are born after the 
application of assisted reproductive technologies (ART) (Nyboe Andersen 
et al., 2006).

Risks and complications of IVF and ICSI

Although effort is made with IVF and ICSI to mimic the natural situation as 
closely as possible, there are stages that are different in comparison to the 
natural cycle. These differences entail a number of potential risks for the 
patient as well as for the embryo and/or the children to be born.

Ovarian stimulation: The administration of gonadotrophins for follicle 
development results in approximately 0.2-1% of the patients in severe 
ovarian hyperstimulation syndrome (OHSS). This can, due to the accomp-
anying electrolyte disorders and thrombo-embolic accidents, even lead 
to death of the patient (Abramov et al., 1999; Delvigne and Rozenberg, 
2003). 
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Fertilization and in vitro culture: The invasive ICSI technique and the 
accompanying injection of biochemical components together with the 
spermatozoon, might be the cause of the increase in aneuploidy and 
chromosomal anomalies reported in ICSI children (Liebaers et al., 1995; 
Loft et al., 1999; Bonduelle et al., 2002). It is however more likely that they 
are caused by the higher aneuploidy rate in the sperm cells of subfertile 
men (Bonduelle et al., 2002). 
Also the embryo culture is reason for concern. Components of the culture 
medium can disrupt the imprinted expression of genes in mice (Khosla et 
al., 2001). The prevalence of imprinting disorders in human is 2.9% - 4.2% 
after ART (Gosden et al., 2003; Sutcliffe et al., 2006), although the study 
population in both studies is very small (n=214 and 213 respectively).

Multiple embryo transfer: To increase the success rate for IVF, ovarian 
stimulation was introduced to generate multiple embryos (Speirs et al., 
1983; Gronow et al., 1985). The transfer of multiple embryos resulted in 
an increase in the multiple pregnancy rate (multiple PR), as described 
in paragraph 1.3. In Europe in 2002, an average of 2.2 embryos was 
transferred per cycle, resulting in 75.5% singleton, 23.2% twin and 1.3% 
triplet pregnancies (Nyboe Andersen et al., 2006). In the USA, an average 
of 2.8 embryos was transferred in 2002, resulting in 64.8% singleton, 31.7% 
twin and 3.5% triplet or higher order pregnancies (Wright et al., 2005). This 
means that around 40% of the children born after ART in Europe and 55% 
in the USA originated from a multiple pregnancy, compared to 2-3% in 
the general population (Bergh et al., 1999). Regarding the incidence and 
the associated complications as described in paragraph 1.4, a multiple 
pregnancy is regarded as one of the most serious complications of IVF 
treatment. This thesis is focussed on the reduction of the multiple and 
especially the twin PR.

Aetiology and prevalence of twin pregnancies

Twin gestations can be divided into monozygotic and dizygotic, depending 
on the number of oocytes that have been fertilized. An embryo resulting 
from one fertilized oocyte can split, resulting in a monozygotic (MZ) twin, 
whereas the fertilization of two oocytes results in a dizygotic (DZ) twin 
(ESHRE Capri Workshop, 2000).

As MZ twinning is a random embryological event, largely independent of 
environmental factors, the rate remained constant throughout the world 
at 4 per 1000 live births (ESHRE Campus Course, 2001). In ART live births this 
rate is doubled (Schachter et al., 2001). MZ twinning is positively correlated 
with ovarian stimulation (Derom et al., 1991; Schachter et al., 2001), 
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blastocyst transfer (Milki et al., 2003; Jain et al., 2004) and zona pellucida 
micromanipulation (Slotnick and Ortega, 1996; Abusheikha et al., 2000). 

Spontaneous DZ twinning (with an incidence of 1.2% (ESHRE Capri 
Workshop, 2000)) is affected by more factors like maternal age, parity, 
ethnic background, nutrition and heredity (Bortolus et al., 1999). Its 
incidence increases four-fold from the maternal age of 15 to 37 years and 
two-fold from parities of 0 to 10 (Tong and Short, 1998). Also ethnicity is 
involved as the highest rates are reported in Nigeria (50/1000 live births) 
(ESHRE Capri Workshop, 2000) and the lowest in Japan (4/1000 live births) 
(Wenstrom and Gall, 1988). In general, the DZ twin rate is about 8/1000 in 
whites, about twice as large in the black community and less than half as 
large in Asians (Bortolus et al., 1999). Explanations for this ethnic difference 
might be differences in basal FSH concentration (Nylander, 1981), genetic 
predisposition or malnutrition (Bortolus et al., 1999). 
Before the onset of ART, the multiple PR was gradually declining in several 
western countries (Botting et al., 1987; Tuppin et al., 1993; Luke, 1994). This 
reduction was attributable to a decrease in the incidence of risk factors 
like enhanced maternal age and multiparity (Senat et al., 1998). However, 
in the mid-1970s the multiple PR started to increase again. This was largely 
due to the introduction of subfertility treatment (Tuppin et al., 1993; Dunn 
and Macfarlane, 1996). The �rst series of IVF treatments, performed in the 
late seventies, was attempted using the single oocyte from the natural 
cycle. The PR was very low (4/32=13%), as only three children were delivered 
of which one died after a premature birth (Edwards, 1996). Soon it was 
realised that the success rate per cycle could be increased by transferring 
multiple embryos, instead of one (Speirs et al., 1983; Gronow et al., 1985). 
To achieve these multiple embryos, ovarian stimulation was introduced 
as a part of the IVF treatment (Edwards, 1996). Fifteen to twenty years 
after this introduction the twin PR was increased 1.3-1.7 fold and the higher 
order multiple PR 2-4 fold in several European countries and the USA (Van 
Duivenboden et al., 1991; Tuppin et al., 1993; Dunn and Macfarlane, 1996; 
Westergaard et al., 1997; Bergh et al., 1999; Martin and Park, 1999). These 
increases were not caused by multiple embryo transfer in IVF alone. Also 
other types of subfertility treatment, like ovulation induction in anovulatory 
women or superovulation in combination with intrauterine insemination 
(IUI) were involved as well as an increase in maternal age at childbirth. 
Bergh et al. (1999) demonstrated that the advanced age of childbearing 
women was responsible for one third of the increase in twin pregnancies. 
Another third is due to an increase in the use of IVF and the remaining 
third because of an increase in ovarian stimulation. This is in accordance 
with the �ndings of a study of 169 multiple pregnancies in UK, showing that 
34% resulted from ovarian stimulation without IVF and 35% with IVF (Doyle, 
1996). 
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Obstetric risks, neonatal complications and costs of 
twin pregnancies

Maternal complications 
Table I summarizes data regarding the incidence and risk of maternal 
complications in singleton and twin pregnancies. Besides a small but 
signi�cantly increased risk of maternal mortality (Senat et al., 1998), 
women carrying a twin are at an increased risk of several disorders and 
complications like hypertension, hemorrhage, anemia, and delivery by 
Caesarean section (Spellacy et al., 1990; Stones et al., 1993; Santema et al., 
1995; Senat et al., 1998; Sibai et al., 2000; Sebire et al., 2001). Hypertension 
is the major maternal complication in twin pregnancies (Santema et al., 
1995; Senat et al., 1998). A distinction has to be made between non-
proteinuric and proteinuric hypertension (pre-eclampsia) (Senat et al., 
1998; Norwitz et al., 2005). The latter is accompanied by higher maternal 
and fetal morbidity and mortality as compared to the �rst (Senat et al., 
1998; Norwitz et al., 2005). Twin pregnancies also have an increased risk of 
antepartum hemorrhage (partly caused by abruptio placentae) (Spellacy 
et al., 1990) and postpartum hemorrhage (Stones et al., 1993; Sebire et al., 
2001). This is also visualised by the increased incidence of transfusions (8% 
for twin and 2.5% for singleton deliveries) (Kinzler et al., 2000) and anemia 
(9.4% vs 4.1%, respectively) (Spellacy et al., 1990). Finally an almost three-
fold risk of Caesarean section, which has an increased risk of maternal 
morbidity and mortality, has been reported (Sebire et al., 2001).

Neonatal outcome
The most frequently occurring complications in twin pregnancies are 
preterm delivery and low birthweight (Table II). The mean birthweight of 
a twin is 2300g against 3300g for a singleton (Spellacy et al., 1990; Doyle, 
1996; Kinzler et al., 2000). The mean gestational age of a twin pregnancy 
is 35.6 weeks, while a singleton pregnancy is delivered on average 
at 39.0 weeks (Kinzler et al., 2000). The aetiology of preterm delivery in 
twin births, in a study analyzing 432 twin pregnancies, was spontaneous 
(54%), premature rupture of membranes (22%) and induced deliveries 
due to maternal hypertension, fetal growth restriction or fetal death (23%) 
(Gardner et al., 1995). Preterm delivery and low birthweight are the major 
causes of neonatal morbidity and mortality. 
Both the early fetal death rate and the still birth and neonatal mortality rate 
are increased in twin pregnancies (Table II). Early fetal demise presenting 
as vanishing sacs is identi�ed especially after ART pregnancies, as these 
pregnancies are followed-up more frequently during early pregnancy as 
compared to spontaneous pregnancies. Of the pregnancies with two fetal 
sacs, approximately 30% will result in one fetal sac and < 10% in no fetal 
sac (Landy and Keith, 1998). For spontaneous pregnancies, De Neubourg 
et al. (2004) reported a �rst trimester pregnancy loss of 15.4% after IVF. 
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The approach to prevention of twin pregnancies Single 
embryo transfer

In the nineties, when the iatrogenic increase in multiple pregnancies due 
to multiple embryo transfers was recognized as a complication of IVF, 
several observational studies focussed on the reduction of the number 
of embryos transferred. They all found that when reducing the number of 
transferred embryos from three to two, the multiple PR was reduced without 
diminishing the overall ongoing PR (Waterstone et al., 1991; Staessen et al., 
1993; Fujii et al., 1998; Templeton and Morris, 1998; Dean et al., 2000). The 
reduction in multiple PR was predominantly due to a virtual elimination of 
the triplet pregnancies. The rate of twin pregnancies remained constant 
between 20 and 30% (Staessen et al., 1993; Fujii et al., 1998; Dean et al., 
2000; Nyboe Andersen et al., 2005). 
The next step to further reduce the multiple PR (i.e. twin PR) was the transfer 
of a single embryo (Single Embryo Transfer, SET). In the beginning, SET was 
applied when there was only one embryo available (compulsory SET, 
cSET), leading to low PRs of 10.3% (Giorgetti et al., 1995). But as the overall 
PR after IVF increased due to the improvement of culture media, a better 
identi�cation of viable embryos and an improved transfer procedure 
(Gerris et al., 1999), SET was also introduced in patients who had more than 
one embryo available (i.e. elective SET, eSET) (Gerris et al., 1999; Vilska et 
al., 1999).
Gerris and colleagues (1999) were the �rst to conduct a randomized 
controlled trial (RCT) between eSET and double embro transfer (DET). 
Only a selected group of good-prognosis patients, de�ned by age and 
number of good morphology embryos was included in the study (Table 
III). After this study more clinics, especially in Belgium and Finland started 
with the application of eSET in a selected population of twin prone patiens 
(Table III and IV) (Gerris et al., 1999; Martikainen et al., 2001). The RCTs 
performed before the start of our study  described in chapter 3 (i.e. before 
2002), showed that the transfer of only one good quality embryo resulted 
in a lower PR as compared with the transfer of two good quality embryos, 
although the difference was not signi�cant in both studies (Table III). As 
the PRs after eSET were still acceptable and the twin pregnancies were 
prevented, it was concluded that eSET should be the transfer policy of 
choice in this subgroup of good prognosis patients (Gerris et al., 1999; 
Martikainen et al., 2001)
Vilska et al. (1999) were the �rst to publish on the in�uence of applying 
an eSET policy on the overall outcome in an IVF programme. eSET was 
performed for medical reasons, risk of OHSS and patient�s wish (Table IV). 
Also Tiitinen et al. (2001) applied eSET only for patient�s wish and medical 
reasons (diabetes mellitus, uterine malformation and indication for 
prenatal diagnosis).
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The PRs between the eSET and DET group were comparable in both studies, 
with acceptable overall PRs and slightly reduced twin PRs (Table IV) (Vilska 
et al., 1999; Tiitinen et al., 2001). 
Gerris et al. (2002) showed the results from the preceeding four years, 
in which the proportion of eSET was gradually increased in their clinic. It 
started with the RCT in women < 34 years of age in their first IVF or ICSI 
cycle with at least two top quality embryos (Gerris et al., 1999). After this 
study a new study was started, in which the criteria for eSET were liberated. 
Women < 38 years of age in their first IVF or ICSI cycle were allowed to 
choose whether they wanted one or two embryos transferred in case a 
top quality embryo was available. A small subgroup consisted of patients 
who preferred eSET, irrespective of the availability of a top quality embryo. 
Due to this judicious implementation of eSET, the overall PR remained 
similar over the years, while the twin PR was reduced from 29.5% in 1998 
to 16.3% in 2001 (Gerris et al., 2002). Also de Sutter et al. (2003) reported a 
reduction in twin PR (from 30% to 21%) after a gradual implementation of 
eSET over a four-year period, while the PR (35%) remained similar.

Despite all efforts in implementing eSET, the twin PR did not fall below 15%. 
Although this is a great step forward as compared with the transfer of two 
embryos (25-30%), this rate is, in our opinion, unacceptable regarding the 
risks and complications that are involved in a twin pregnancy. This was also 
confirmed in the following recommendation made at the ESHRE campus 
course on the prevention of twin pregnancies: �A twin (and higher order 
multiple) PR of 25% or more is not acceptable and must induce practitioners 
to elaborate an individualized embryo transfer strategy, aiming at reducing 
this incidence to perhaps around 10%� (ESHRE Campus Course, 2001).

The approach to prevention of twin pregnancies – Patient 
and embryo selection for eSET

Patient selection
Several studies have focussed on de�ning predictors for patients at an 
increased risk for a twin pregnancy and therefore candidates for eSET. Both 
Strandell et al. (2000) and Hunault et al. (2002) found after a multivariate 
analysis that female age and number of good quality embryos transferred 
were the most important factors, independently predictive of birth and 
multiple birth. Number of previous IVF attempts and duration of infertility 
were negatively associated with the chance of a birth or a multiple 
birth (Templeton and Morris, 1998). This was con�rmed by Staessen and 
collegues (1993), who analysed PRs between DET and triple embryo 
transfer and found no difference in patients < 37 years old in their �rst IVF 
attempt with at least three good quality embryos available for transfer 
(Staessen et al., 1993). Also Coetsier and Dhont (1998) found that age < 
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Aim and outline of thesis
As a twin pregnancy is one of the most adverse outcomes of an IVF 
treatment, affecting around 25% of the patients, the studies described in 
this thesis focussed on the reduction of the twin PR after IVF. The problem 
of and possible solutions for the prevention of twin pregnancies will be 
viewed from different angles. The general aim of the thesis was to analyse 
several transfer strategies with eSET from a clinical and a cost-effectiveness 
point of view and to improve the selection of the single best embryo for 
eSET. 
In a �rst attempt to reduce the twin PR, the in�uence of eSET applied in all 
cycles, instead of only the �rst one, in a selected group of good prognosis 
patients was analyzed (chapter 2). To further reduce the twin PR without 
gradually liberating the selection criteria, eSET was applied in the �rst cycle 
of an unselected group of patients. The clinical outcome as well as the 
cost-effectiveness of this strategy was analysed by performing an RCT of 
eSET versus DET (chapter 3 and 4). Finally, another strategy to reduce the 
twin PR, the application of eSET in the �rst cycle of all patients and eSET 
or DET depending on patient and embryo characteristics in the following 
cycles, was analysed (chapter 5). 
To optimize PRs after IVF, and especially after eSET, the embryo with the 
highest implantation potential has to be selected. This selection was 
improved by focussing on early cleavage (chapter 6). Since also intra-
follicular factors in�uence embryo development, the �nal objective of this 
thesis was to study whether differences in follicular gene expression re�ect 
embryo viability (chapter 7).
 

Chapter 1
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Abstract

BACKGROUND: Elective single embryo transfer (eSET), applied in the �rst or 
second IVF cycle in young patients with good quality embryos, has been 
demonstrated to lower the twin pregnancy rate (PR), while the overall PR is 
not compromised. It is as yet unclear whether eSET could be the preferred 
transfer policy in all treatment cycles, or that it should be restricted to the 
�rst or �rst two cycles. 

METHODS: eSET policy (when two or more embryos were available, at 
least one of them being of good quality) was offered to patients younger 
than 38 years in the �rst three treatment cycles. Retrospectively, treatment 
cycle outcome was studied. 

RESULTS: In 326 patients, 586 treatment cycles were performed (326 �rst, 
168 second and 92 third treatment cycles). In 65 cycles (11%), eSET could 
not be applied because there was either no fertilization, or only one 
embryo available. In the remaining 521 cycles, eSET was performed in 111 
cycles (19%), while in 410 cycles, no good quality embryo was available 
resulting in the transfer of two embryos (double embryo transfer, DET). No 
signi�cant differences in ongoing PRs after transfer of fresh embryos were 
observed between eSET and DET in the �rst (both 33%), second (36 and 
23%, respectively) and third treatment cycles (20 and 24%, respectively). 
In signi�cantly more eSET cycles compared to DET cycles, embryos could 
be frozen. This resulted in a signi�cantly higher cumulative PR after eSET 
compared to DET. 
 
CONCLUSION: In patients younger than 38 years with at least one top 
quality embryo, eSET can be the transfer policy of choice in at least the �rst 
three treatment cycles, since the PRs obtained in each treatment cycle 
are comparable to those after DET. 

Chapter 2
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Introduction

Multiple pregnancy rates (PRs) are high in assisted reproductive technology 
(ART) cycles. Recently, the European IVF-monitoring programme of the 
European Society of Human Reproduction and Embryology (ESHRE) 
reported a 26.3% multiple delivery rate in 258,460 IVF/ICSI treatment cycles 
initiated during 1999 in 22 countries (ESHRE, 2002). The majority of multiple 
deliveries after IVF and ICSI concern twins, representing 24.0% of all 
deliveries (ESHRE, 2002). Twin pregnancies must be regarded as a serious 
complication of ART cycles, with relatively high risks of health problems in 
the children (both during the pre- and perinatal period and later in life) 
and their mothers, social problems, and high economic costs (ESHRE Capri 
Workshop, 2000; Gerris et al., 2004).
The high twin PR after IVF is the result of the current standard practice of 
transferring more than one embryo. The elective transfer of only a single 
embryo (eSET) has been shown to be an effective method to reduce 
the incidence of twin pregnancies in twin-prone IVF/ICSI patients without 
compromising the overall ongoing PR (Vilska et al., 1999; ESHRE Campus 
Course, 2001; Gerris et al., 2001; Martikainen et al., 2001; Tiitinen et al., 2001; 
Gerris et al., 2002; De Neubourg and Gerris, 2003; Tiitinen et al., 2003).
It was recently recommended by the ESHRE consensus meeting on risks 
and complications in ART that eSET should be proposed in the �rst and 
second treatment cycles (Land and Evers, 2003). Since 2003 in Belgium, 
SET in the �rst, and eSET in the second treatment cycle is mandatory in 
patients younger than 36 years of age, to obtain maximal reimbursement 
of the costs of IVF treatment (Ombelet, 2004). However, little information 
is available on eSET results to substantiate this proposal to limit eSET to the 
�rst two treatment cycles. In the present study we evaluate the results per 
treatment cycle number in a cohort of patients in whom eSET was offered 
as the standard transfer policy during the �rst three treatment cycles.

Materials and methods

Patients
All IVF/ICSI patients who started their �rst treatment cycle in the period 
from July 2000 until December 2001 in the academic hospital Maastricht 
were included in this study. A treatment cycle was de�ned as an ovarian 
stimulation cycle which resulted in an ovum pick-up. In the study period 
eSET was offered as our standard transfer policy (see below) to patients 
younger than 38 years at the time of transfer, irrespective of the rank of the 
cycle and of previous IVF results. Only patients who were 38 years or older, 
patients with a strong wish for the transfer of either one or two embryos, 
patients who had a medical or socio/psychological reason to prevent 

Chapter 2
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(compulsory SET, cSET). In 521 treatment cycles, more than one embryo 
was available. In 111 of these cycles (21%), at least one good-quality 
embryo was present and consequently only one embryo was transferred 
(eSET). In this group, 39 positive pregnancy tests (35%) were achieved, of 
which four ended in an early abortion (10%). In 410 cycles, two embryos 
were transferred (DET). In this group 142 positive pregnancy tests (35%) 
were achieved, of which 23 ended in an early abortion (16%). The PRs 
after one, two or three cycles were respectively 33, 36 and 20% for eSET 
and 33, 23 and 24% for DET. The differences between the �rst, second and 
third eSET cycle and between the �rst, second and third DET cycle were 
not statistically signi�cant. Neither are the differences between eSET and 
DET in each treatment cycle rank group.
In 112 cycles at least one surplus embryo of good morphology was 
available after transfer and subsequently frozen. After eSET signi�cantly 
more often embryos could be cryopreserved as compared to after DET 
(53% and 13% of the treatment cycles, respectively). In table I, pregnancy 
results are shown for 65 thaw cycles performed in patients who did not 
get pregnant in any of their transfers of fresh embryos. This resulted in 16 
ongoing pregnancies (25%). In 12 patients, thawing has not yet been 
performed because of the patients� wishes. The cumulative ongoing PRs 
after fresh and frozen transfers were signi�cantly different between eSET 
and cSET and between eSET and DET (13% cSET, 41% eSET and 30% DET). 
An additional 35 patients who became pregnant from fresh embryos, had 
embryos cryopreserved. In seven of these patients embryos have been 
thawed, resulting in two pregnancies.
After the �rst cycle, 48 patients (30% of the patients not getting pregnant in 
the �rst cycle) dropped out because of medical reasons or patient wishes. 
After the second cycle the drop-out rate was 36% (27 patients). The Dutch 
health insurance system only reimburses three IVF/ICSI cycles. Therefore 
the drop-out rate after the third cycle increased to 75%.

Chapter 2
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Discussion

After publication of the encouraging results from the �rst eSET studies 
(Gerris et al., 1999; Vilska et al., 1999) showing that acceptable PRs can 
be obtained when eSET is carried out in a subset of good prognosis 
patients, and after a brief pilot study in our own clinic, we felt con�dent 
in introducing eSET in the year 2000 as our standard clinical ET policy. eSET 
was offered to all patients younger than 38 years of age, who had at least 
one good quality embryo, irrespective whether it was their �rst, second or 
third treatment cycle.
The PRs obtained in the �rst two treatment cycles in our study are 
comparable to those reported by other studies in which eSET was performed 
in either only the �rst (Gerris et al., 1999; Vilska et al., 1999) or in the �rst two 
treatment cycles (Martikainen et al., 2001; De Neubourg and Gerris, 2003). 
It is concluded in several publications that eSET should be limited to the �rst 
two cycles (Martikainen et al., 2001; De Neubourg and Gerris, 2003; Land 
and Evers, 2003). However, our results show that PRs of eSET compared to  
DET are not signi�cantly different up to and including the third treatment 
cycle, although it must be noted that the group of patients that received 
a third treatment cycle is relatively small (four pregnancies in 20 patients 
receiving only a single embryo). Yet, the PRs in the third treatment cycle 
in both the eSET and the DET groups are decreased compared with the 
previous treatment cycles. These decreasing PRs in successive IVF cycles 
were already reported by others (Tan et al., 1992; Templeton et al., 1996).
Our results con�rm earlier publications showing that cryopreservation clearly 
improves the cumulative PR after eSET. (Martikainen et al., 2001; Tiitinen et 
al., 2001). In our study, in signi�cantly more eSET cycles could embryos be 
cryopreserved compared to DET cycles (53 and 13% respectively). After 
thawing, two embryos, if available, were transferred. The reason for this 
was that cryopreserved embryos have a lower potential for implantation 
and therefore were not considered to be �good quality� embryos, which 
is a necessary condition for eSET (Levran et al., 1990; Edgar et al., 2000a; 
Edgar et al., 2000b). At present, almost all embryos, from patients who 
did not became pregnant from fresh embryos, have been thawed. A 
signi�cantly higher cumulative PR in the eSET group can be seen, caused 
by the additive effect of frozen embryo transfers.

In order to improve the results after eSET, effort is taken to improve the 
embryo selection criteria. In addition, to further reduce the risk of twins, 
the proportion of eSET transfers needs to be enlarged. Tiitinen et al. (2003) 
reported an increase over the years in the proportion of eSET in their IVF/
ICSI programme from 10% to 56%, while maintaining comparable PRs. 
The same applies for Gerris et al., who reported an increase of eSET from 
9.8% in 1998 to 23.6% in the year 2001(Gerris et al., 2002). This increase was 
achieved by liberalization of the criteria for application of eSET. However, 
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the twin PR in both clinics (ranging from 7.5% to 13.5%) (Tiitinen et al., 
2003; Gerris et al., 2004) remained above the twin PR after a spontaneous 
pregnancy (ranging from 1 to 1.5%) (Ghai and Vidyasagar, 1988; Dhont, 
2001). In the present study, 19% of the patients eligible for the eSET policy 
received one embryo. In the DET group however, a high twin PR (23%) was 
found in spite of �suboptimal� quality embryos. Apparently our embryo 
selection criteria for eSET are still too strict. Instead of gradually liberating 
the criteria for eSET, we decided to start a prospective randomized study 
in which consenting patients will be allocated by lot for the transfer of 
either one or two embryos, irrespective of the presence or absence of a 
top quality embryo. This study will provide more insight into whether we 
should perform SET in every patient, or how the selection of the embryos 
and the patients suitable for SET can be improved. 

In conclusion, eSET in a selected group of patients (younger than 38 years 
with at least one good quality embryo) can be performed not only in the 
�rst two treatment cycles, but also in the third cycle while maintaining a 
PR comparable to DET. In this way the proportion of eSET in the total IVF 
programme can be increased, which will result in a further decline in the 
twin PR. 

Chapter 2
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Abstract

BACKGROUND: Elective single embryo transfer (eSET) in a selected group of 
patients (i.e. young patients with at least one good quality embryo) reduces 
the number of multiple pregnancies in an IVF programme. However, the 
reduced overall multiple pregnancy rate (PR) is still unacceptably high. 
Therefore, a randomized controlled trial (RCT) was conducted comparing 
eSET and double embryo transfer (DET) in an unselected group of patients 
(i.e. irrespective of woman�s age or embryo quality).

METHODS: Consenting unselected patients were randomized between 
eSET (RCT-eSET) (n=154) or DET (RCT-DET) (n=154). Randomization was 
performed just prior to the �rst embryo transfer, provided that at least 
two 2PN zygotes were available. Non-participants received our standard 
transfer policy (SP-eSET in a selected group of patients (n=100), otherwise 
SP-DET (n=122)).

RESULTS: The ongoing PR after RCT-eSET was signi�cantly lower as compared 
with RCT-DET (21.4% versus 40.3%) and the twin PR was reduced from 21.0% 
after RCT-DET to 0% after RCT-eSET. The ongoing PRs after SP-eSET and SP-
DET did not differ signi�cantly (33.0% versus 30.3%), with an overall twin PR 
of 12.9%. 

CONCLUSION: To avoid twin pregnancies resulting from an IVF treatment, 
eSET should be applied in all patients. The consequence would be a halving 
of the ongoing PR as compared with applying a DET policy in all patients. 
The transfer of one embryo in a selected group of good prognosis patients 
leads to a less drastic reduction in PR but maintains a twin PR of 12.9%.
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