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ABSTRACT

Objective: To evaluate the effectiveness of IVF with elective single embryo transfer 

(IVF-eSET) vs. IUI with controlled ovarian stimulation (IUI-COS) as an alternative treatment 

to reduce the risk for a multiple pregnancy.

Design: Randomized pilot trial.

Setting: Three Academic and six teaching hospitals in the Netherlands 

Patient(s): Couples with unexplained or mild male subfertility and an unfavourable 

prognosis for natural conception.

Intervention(s): One cycle of IVF-eSET or three cycles of IUI-COS. 

Main outcome measure(s): Ongoing pregnancy per couple. 

Result(s): We randomly allocated 116 women to IVF-eSET (n=58) or IUI-COS (n=58). 

There were 14 ongoing pregnancies (24%) in the IVF-eSET group and 12 pregnancies 

(21%) in the IUI-COS group (relative ratio 1.17; 95% confidence interval 0.60 to 2.30). 

There were two twin pregnancies in the IVF-eSET (14%) group and two twin and one 

triplet pregnancy in the IUI-COS group (25%).

Conclusions: In patients with unexplained or mild male subfertility and a poor prognosis 

for natural conception, one cycle of IVF-eSET might be as effective as 3 cycles of IUI-COS 

as primary treatment. Elective single embryo-transfer does not seem an effective strategy 

in preventing multiple pregnancies in this particular population. In the future a strict 

SET policy (i.e., compulsory SET) might be an option. Our trial provides evidence for 

the feasibility and highlights the importance of a large definitive trial to determine the 

effectiveness and side effects of both strategies.
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INTRODUCTION

At present at least 1 out of 10 couples in Western countries is facing subfertility.1,2 In 

a large proportion of these couples unexplained subfertility or mild male subfertility is 

diagnosed.3 To avoid over- and under-treatment in these couples prediction models are 

used, which estimate the chances of a treatment-independent pregnancy. In couples with 

a favorable prognosis, >30% in 1 year, the guidelines of the Dutch Society for Obstetrics 

and Gynecology recommend expectant management. The National Institute for Health and 

Clinical Excellence guidelines also mention that each subfertile couple should be informed 

about the possibility of natural conception before assisted reproductive technology 

(ART).4-6 If the prognosis for a live-born child in the next 12 months is <30%, treatment 

should be commenced.

In these poor-prognosis couples two empirical treatments are available: IUI with 

controlled ovarian stimulation (IUI-COS) or IVF with double embryo transfer (IVF-DET). 

Both treatments result in considerable pregnancy rates but also in a considerable 

number of multiple pregnancies.7-9 Women with a multiple pregnancy are at increased 

risk for obstetric and neonatal complications, such as preterm birth, intrauterine growth 

retardation, and pre-eclampsia.

In vitro fertilization with elective single embryo transfer (IVF-eSET) can reduce multiple 

pregnancies considerably in an IVF population. In these couples, ongoing pregnancy rates 

varying from 21% to 38%, with multiple pregnancy rates from 0 to 4.5%, have been 

reported in several trials.10,11 These data open up the possibility of considering IVF-eSET as 

an alternative for IUI-COS in reducing multiple pregnancy while maintaining success rates 

in couples with a prognosis for a live-born child in the next 12 months of <30% and who 

qualify for IUI-COS.

In these trials patients were included who primarily had an indication for IVF treatment or 

who had previous failed IUI cycles without taking the prognosis for natural conception into 

account. In addition, inclusion and randomization of couples was performed just before 

ET, and by then the availability of at least two top-quality embryos is certain.

In view of this, the question remains whether these data can be generalized to subfertile 

couples with a poor prognosis who are therapy naïve and are to start with IUI or IVF-eSET.

Therefore, we decided to conduct a randomized pilot trial comparing one cycle of IVF-eSET 

with three cycles of IUI-COS in treatment-naïve couples with mild male or unexplained 

subfertility and a poor prognosis for natural conception, to determine whether one cycle 

of IVF-eSET might be as effective as three cycles of IUI-COS as primary treatment, while 

preventing multiple pregnancies.
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MATERIALS AND METHODS

Our trial took place between November 2006 and February 2009 in three academic and 

six teaching hospitals in the Netherlands. Couples were invited to participate if they were 

diagnosed with unexplained or mild male subfertility. Couples had to have poor fertility 

prospects as calculated by the validated model of Hunault.3,12 Poor fertility prospects were 

defined as a chance of natural conception <30% within 12 months. Exclusion criteria were 

other causes of subfertility, including severe male subfertility, cervical factor, and polycystic 

ovary syndrome; female age ≥38 years; or prior treatment within this subfertility episode. 

The age limit was based on concerns that IUI-COS may compromise pregnancy rates in 

older women.

All couples had undergone a basic fertility workup according to the guidelines of the 

Dutch Society of Obstetrics and Gynecology. This workup included a medical history, 

cycle monitoring, postcoital test, semen analysis, and assessment of tubal patency. 

Female age, duration of subfertility, and whether subfertility was primary or secondary 

were documented. Duration of subfertility was defined as the time from when the couple 

started actively trying to conceive (or had their last nonviable pregnancy) to the time of 

inclusion in the trial. If the couple had a previous pregnancy that had not resulted in a live 

birth, duration of subfertility was defined as the time from the first day of the pregnancy 

to the time of inclusion in the study. Primary subfertility was defined as the absence of 

pregnancy in the current relationship.

In case (cryopreserved) donor sperm was used, subfertility was defined as at least 12 

cycles of unsuccessful intracervical inseminations. Ovulation was confirmed by basal body 

temperature curve, midluteal serum P level, or sonographic monitoring of the cycle.

At least one well-timed postcoital test was performed (except in couples using cryopreserved 

donor sperm) during the basic fertility assessment to exclude a cervical factor. Tubal 

pathology was assessed by a chlamydia antibody test and hysterosalpingogram or 

laparoscopy. Patients had to have at least one patent tube to be eligible for the study. Mild 

male subfertility was defined as a total motile count (TMC) of 3–10 × 106 spermatozoa/mL. 

Unexplained subfertility was defined as a TMC >10 × 106 spermatozoa/mL and exclusion 

of a cervical factor.

The study protocol was approved by the institutional review board of the University of 

Amsterdam and had local approval from the boards of the other participating hospitals. 

The trial was registered in the clinical trial register as ISRCTN86744378. None of the 

authors had a conflict of interest.

Couples who gave informed consent were randomized by a central Internet-based 

randomization stratified for center. They were allocated either to IVF-eSET followed 

by a cryo cycle or to IUI-COH for three cycles, within 4 months from the moment of 

randomization. Randomization was thus performed before start of treatment by the 

couple’s own physician.
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IVF-eSET

Patients allocated to receive IVF-eSET underwent controlled ovarian hyperstimulation 

after down-regulation with the GnRH agonist triptorelin (Ferring) in a long protocol 

with a midluteal start. Controlled ovarian hyperstimulation was started with 100–150 U 

recombinant FSH (rFSH). Treatment was continued until at least three follicles >18 mm had 

developed. Ovulation was induced by 10,000 IU hCG (Pregnyl; Organon), and cumulus–

oocyte complexes were recovered by transvaginal ultrasound–guided retrieval 36 hours 

thereafter.

Embryos were scored with the use of validated morphologic scoring criteria at the time 

of fertilization (pronuclear morphology) and daily until the time of transfer. Embryos were 

assessed for their morphology daily by an embryologist/IVF technician using an Olympus 

IX71 inverted microscope equipped with Relief Contrast optics at a magnification of ×320 

or a similar kind of microscope. On day 3 one embryo was selected for transfer if one or 

more embryos of good quality were available.

In case there were no good-quality embryos available, two embryos were transferred. 

Nontransferred good-quality embryos were cryopreserved on the fourth day (conventional 

slow freezing). When implantation was not successful or early miscarriage occurred, the 

frozen embryos were thawed and transferred. Again, only one embryo was transferred per 

freeze–thaw cycle if it was of good quality.

Good-quality embryos were defined as embryos having a cumulative embryo score of ≥24 

(in the cumulative embryo score the number of cells is amplified with the morphologic 

score, which ranges from 1 [excellent, 4 points] to 4 [poor, 1 point]; for instance, a score 

2, good-quality eight-cell embryo, will receive 8 × 3 = 24 points). Morulae were considered 

top-quality if <10% fragments were present and at least 50% of the cells were part of the 

compacting process.

IUI-COS

In couples allocated to receive IUI-COS, women underwent ovarian stimulation with 50–75 

IU rFSH (Puregon; Organon) in a low-dose step-up protocol to achieve the growth of one 

to (maximally) three dominant follicles. In case the cycle was monofollicular, the amount 

of rFSH was raised in the subsequent cycle. Cycles with one dominant follicle (≥15 mm) 

and at least one more follicle >10 mm at the time of hCG administration were considered 

multifollicular. In case more than three dominant follicles were present the cycle was 

cancelled. Ovulation was induced with 5,000 or 10,000 IU of hCG (Pregnyl).

Semen samples were processed within 1 hour of ejaculation by density-gradient 

centrifugation followed by washing with culture medium. The volume of semen that was 

inseminated varied between 0.2 mL and 1.0 mL. Women were inseminated 36 to 40 hours 

after hCG administration.

proefschrift.indb   75 21-2-2013   16:14:31



76

Table 1. Characteristics of couples allocated to IVF-eSET or IUI-COS

Baseline characteristic IVF-eSET
(n=58)

IUI-COS
(n=58)

Female age (y), mean (SD) 33.6 (3.0) 34.0 (2.9)

Duration of subfertility (y), median (25th percentile) 2.3 (1.9) 2.2 (1.8)

Primary subfertility, n (%) 53 (91) 46 (79)

TMC (×106 spermatozoa/mL), median (25th percentile) 56.5 (22.1) 47.3 (18.8)

FSH cycle day 2-5 ( IU/L), mean (SD) 7.5 (2.2) 7.4 (2.6)

One-sided tubal pathology, n (%) 0 2 (3)

Diagnosis, n (%)

  Unexplained subfertility 54 (93) 51 (88)

  Mild male subfertility 4 (7) 7 (12)

Chance of spontaneous pregnancy: % next 12 mo, mean (SD) 23.0 (6.5) 23.8 (6.1)

Statistical Analysis

The primary endpoint was an ongoing pregnancy occurring within 4 months from time of 

randomization, defined as a viable intrauterine pregnancy of at least 12 weeks’ duration. 

Secondary endpoints were multiple pregnancy miscarriage and ectopic pregnancy. Follow-

up was continued until live birth. Treatment-specific variables, such as number of follicles in 

IUI-COS cycles, number of oocytes after follicle aspiration, and number of embryos, SETs, 

and DETs, were also registered.

The effectiveness of IVF-eSET compared with IUI-COS was expressed as a relative rate 

ratio (RR) with corresponding 95% confidence intervals (CIs). We used the log–rank test 

and Kaplan-Meier curves to compare cumulative pregnancy rates over time. All outcomes 

were analyzed on an intention-to-treat basis. Because these strategies have never been 

compared before, our aim was to perform a pilot trial evaluating the feasibility of such a 

study. We planned to include 50 couples in both study arms.

Funding

We received an unconditional grant from Organon (Oss, the Netherlands). Because, at the 

time, IVF and IUI were completely reimbursed by health insurance, patients did not receive 

further compensation for treatment.

RESULTS

Overall, 116 couples were included in our study, of whom 58 were allocated to IVF-eSET 

and 58 were allocated to IUI-COS (Fig.1). The baseline characteristics of both groups were 

comparable (Table1).

In the IVF-eSET group three couples did not start treatment: one because of natural 

conception, one because of a newly discovered hepatitis C infection in the male partner, 
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and one because of personal reasons. One couple reverted to IUI-COS treatment after 

being tested positive for hepatitis B because cryopreservation of embryos of hepatitis 

B–infected patients was not performed in the treating hospital. Therefore, 54 patients 

started IVF treatment, of whom 52 (93%) had an oocyte retrieval and 48 (90%) had ET. 

In 36 patients (75%) SET was performed, and in 12 patients (25%) DET. In two couples 

intracytoplasmic sperm injection was performed because of unexpected low semen count 

on the day of oocyte retrieval.

In the IUI-COS group four couples did not start IUI-COS: two because of natural conception, 

one because of obesity that made follicle monitoring impossible during COS, and one 

because of relationship problems. Therefore, 54 couples started treatment and underwent 

a total of 142 IUI cycles. In five patients ovarian hyperstimulation was performed with 

clomiphene citrate instead of rFSH. In 74% of all IUI-COS cycles multifollicular growth was 

achieved (105 of 142 started cycles). Of the 142 started cycles, 14 cycles were cancelled 

because of the risk of high-order multiple pregnancy (10%).

The cumulative ongoing pregnancy rates over time from IVF-eSET and IUI-COS are shown 

in Figure 2. The ongoing pregnancy rate at 4 months from randomization was 14 (24%) 

in the IVF-eSET group and 12 (21%) in the IUI-COS group (RR 1.2, 95% CI 0.60–2.3). 

Pregnancy rates in the two treatment arms over 4 months did not differ (log–rank score 

Figure 1. Flow Chart

 

116 Couples with unexplained subfertility or mild subfertility and a < 30% chance 
to conceive spontaneously  

58 IVF -eSET plus cryo-cycle  58 three cycles of IUI-COS  

0 lost to follow up  
58 were analysed  
0 were excluded from analysis  
 

0 lost to follow up  
58 were analysed  
0 were excluded from analysis  
 

48 Completed up to ET  
    36 SET (fresh ET)  
    12 DET (fresh ET)  
    11 cryo-ET (3 DET, 8 SET)  
 
4   Couples had no ET  
2   Couples converted to IUI
1   Started IUI  
3   Did not start treatment  
     

48 Completed 3 cycles IUI or became 
pregnant  
 
 
 
2 Couples received 1 cycle  
4 Couples received 2 cycles  
4 Couples did not start treatment  
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0.200, P=.65). Outcomes are summarized in Table 2. The multiple pregnancy rate per 

ongoing pregnancy was 14% (n = 2) in the IVF-eSET group and 25% (n = 3) in the IUI-COS 

group. The two twin pregnancies in the IVF arm both occurred after transfer of two fresh 

embryos of lower quality. The triplet pregnancy in the IUI-COS arm occurred after an IUI 

cycle in which four follicles were present of 16, 15, 14, and 13 mm at the time of hCG 

administration. The couple decided to reduce the pregnancy to a twin pregnancy.

Additional treatment outcomes for IVF-eSET and IUI-COS are described in Supplemental 

Table 1. In the IVF-eSET group 25 couples had cryopreserved spare embryos. Of the 

ongoing pregnancies seven occurred after SET, four after DET, two after transfer of a 

cryo-SET, and one spontaneous pregnancy occurred. In the IUI-COS group the mean 

number of follicles remained largely unaltered in the three IUI cycles. Of the ongoing 

Figure 2. Cumulative 
ongoing pregnancy rate 
over time from one cycle 
of IVF-eSET or three 
cycles of IUI-COH

Table 2. Pregnancy outcomes at 4 months from randomization.

Outcome measures IVF-eSET (n=58) IUI-COS (n=58) RR (95 % CI)

Clinical pregnancies 15 14 1.07 (0.57-2.01)

Ongoing pregnancies 14 (24)a 12 (21)b 1.17 (0.60-2.30)

Multiple pregnancies 2 (14) 3 (25)

 twin 2 2

 triplet 0 1

Live births 13c (22) 12 (21) 1.08 (0.55-2.16)

Miscarriage 1 (2) 2 (3)

Ectopic pregnancy 0 1 (2)

Note: Values are numbers (percentage).
aOne spontaneous pregnancy (IVF-eSET).
bTwo spontaneous pregnancies (IUI-COS).
cOne couple was lost to follow up.
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third IUI cycle. In this treatment arm two spontaneous pregnancies occurred.

DISCUSSION

In this pilot trial one cycle of IVF-eSET followed by transfer of frozen–thawed embryos 

generated in that cycle if present was as effective as three cycles of IUI-COS in couples 

with unexplained or mild male subfertility. With this sample size, we had a 47% power to 

detect a difference of 20% between the two groups (α error 5%, two-sided test).

When we started this trial we expected IVF-eSET to be a useful tool to prevent multiple 

pregnancies in patients with unexplained or mild male subfertiltiy and a poor prognosis for 

natural conception. To our surprise we found a rather high multiple pregnancy rate (14% 

per ongoing pregnancy) caused by a considerable rate of double embryo transfers (25%).

Supplemental table 1. Treatment outcomes for IVF-eSET and IUI-COS

Treatment outcomes

IVF-eSET Value

No oocytes retrieved, mean (SD) 11.7 (7.2)

No embryos on day ET, mean (SD) 7.0 (5.5)

Number embryo’s cryopreserved, mean (SD) 2.5 (4.0)

Ongoing pregnancy per ET, n (%)

   SET 7/36 (19)

   DET 4/12 (33)

   Cryo-SET 2/8 (25)

   Cryo-DET 0/3 (0)

Spontaneous pregnancy 1

IUI-COS

Mean no of follicles >10mm*, mean (SD)

   First IUI cycle 2.3 (1.4)

   Second IUI cycle 2.2 (1.2)

   Third IUI cycle 2.7 (1.6)

Mean no of follicles ≥ 15mm, mean (SD)

   First IUI cycle 1.6 (0.7)

   Second IUI cycle 1.8 (0.9)

   Third IUI cycle 1.9 (1.0)

Ongoing pregnancy, n (%)

   First IUI cycle 1/54 (2)

   Second IUI cycle 5/51 (10)

   Third IUI cycle 4/42 (10)

Spontaneous pregnancy 2
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Possibly this can be explained by the relatively young population in our trial (women aged 

≥38 years were excluded from the trial), who did not have previously failed IUI-COS cycles. 

Earlier studies have shown maternal age to be one of the most important predictors of 

pregnancy outcome after IVF.13 Additionally, embryo quality based on morphology alone 

is not an excellent predictor of pregnancy outcome. Selection between poor (four-cell 

score3) and excellent embryos (blastocyst) seems clear cut; the difficulty probably lies in 

differentiating moderately good embryos from sub–top-quality embryos, which defines 

the difference in double or single embryo transfer.14,15 The absence of international 

scoring criteria and the presence of inter- and intraobserver variability in the morphologic 

assessment of early-stage embryos create a further problem in selecting the proper 

embryos for single transfer.16,17

We found a low ongoing pregnancy rate after three cycles of IUI-COS, mainly due a 

very low ongoing pregnancy rate in the first treatment cycle (2%). Possibly dose finding 

in the first cycle was partly responsible for this low rate, considering the relatively high 

cancellation rate in the first cycle (9.2%, vs. 5.8% in the second cycle). Still, this illustrates 

the fear for multiple pregnancies, which in this pragmatic multicenter study led to the 

high cancellation rate in the first cycle, to avoid running the risk of multiple pregnancies. 

Moreover, patients were not offered to convert these cycles to IVF because this is not 

common practice in the Netherlands.

Our study is the first study that evaluates the effectiveness of IVF-eSET vs. IUI-COS as a tool 

to prevent multiple pregnancies while maintaining acceptable pregnancy rates in patients 

with unexplained or mild male subfertility and a poor prognosis for natural conception, in 

whom standard treatment would have been IUI-COS.

Because of the time horizon of 4 months, only 11 of the 25 couples who had frozen 

embryos did actually receive them after a failed IVF cycle. The ongoing pregnancy rate 

after a single cycle of IVF-eSET therefore will in practice be higher than the 24% we found, 

given that several couples still had spare embryos. Therefore, the potential effect from 

IVF-eSET could be higher than observed in his study. In future trials a longer follow-up 

period is clearly important.

In summary, in patients with unexplained or mild male subfertility and a poor prognosis, 

one cycle of IVF-eSET seems as effective as three cycles of IUI-COS but does not seem 

a very effective tool in preventing multiple pregnancies. Our trial provides evidence 

for the feasibility and highlights the importance of a large definitive trial with a longer 

treatment time and longer follow-up period to determine more precisely the pregnancy 

rates and multiple pregnancy rates of both treatments. In further studies a strict SET policy 

(compulsory SET) should be compared with IUI-COS instead of eSET.
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