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1Introduction
Subfertility is defined as the failure to conceive after regular unprotected intercourse for one 
year. About 10-15% of couples trying to conceive will be confronted with subfertility and 8% 
of couples will remain childless even after two years of trying (Bongaarts, 1982; Evers, 2002). 
In the western world 55-80% of these subfertile couples seek medical help for their problem 
(Boivin et al., 2007). A large part of the couples who seek help for their subfertility eventually 
conceive spontaneously, namely 45% of the couples after 60 months (Evers, 2002). 

The standard fertility work-up starts with a thorough medical history and physical 
examination followed by the assessment of ovulation. In a couple presenting with 
anovulation, the cause can be categorized in three groups. Type 1 anovulation, 
hypogonadotrophic hypogonadism, is the cause of anovulation in 10% of the women 
presenting with anovulation. Type 2 anovulation, predominantly polycystic ovary 
syndrome, is the cause in 80% of the cases. Type 3 anovulation, ovarian failure, is the 
cause in 5% of women (World Health Organization, 1993). 

The standard fertility work-up also consists of a semen analysis to diagnose the presence 
of male subfertility. Male subfertility is a common condition, diagnosed in 26% of all couples 
presenting with subfertility and as a contributory factor in another 11% (Brandes et al., 2010). 

Assessment of tubal patency is usually reserved as last test in this work-up. Tubal 
disease includes tubal obstruction and pelvic adhesions due to infection, endometriosis 
and previous surgery. The prevalence of bilateral tubal pathology accounts for subfertility 
in 12% of the couples. (Broeze et al., 2012 ). 

Cost-effectiveness
The choices for one fertility treatment over the other are currently driven by knowledge 
on their effectiveness but not by financial considerations and cost-effectiveness. In 
reproductive medicine costs play an important role, due to the rise in healthcare costs 
and since infertility care is not a covered benefit in many countries. Fertility treatment 
pathways generally move from low-cost, low-technology treatments such as intrauterine 
insemination (IUI) to high-cost, more invasive assisted reproductive technologies 
(ART) with in vitro fertilization (IVF) (National Collaborating Centre for Women’s and 
Children’sHealth, 2004; Royal College of Obstetrics and Gynaecology Infertility Guidelines 
Group,2006). It is questionable if this is the most cost-effective treatment pathway, since 
different causes are responsible for subfertility. Therefore, from a cost-effectiveness point 
of view, the standard pathway of moving from a low-cost, low technology to a high-cost, 
more invasive reproductive technology might not be applicable to all diagnoses.

Data on cost-effectiveness are instrumental since healthcare costs are rising and 
becoming unsustainable for future generations. Infertility treatment is sometimes seen by 
politicians, policy makers and the general public as a medical luxury product and therefore 
prone to health care cuts. The profession needs to take the responsibility for their work 
and associated costs. We are the ones that are responsible to make our healthcare 
payable. Therefore it is important to perform cost-effectiveness studies to ensure that 
reproductive techniques are available for couples who will benefit from the treatment and 
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also for future generations. As such, economic analyses underpinning decision-making are 
gaining importance. This thesis tries to contribute to this domain.

Background and outline of thesis
Quality standards have been set on how to perform high-quality economic evaluations, 
with the aim to improve performance (Drummond and Jefferson, 1996; Gold et al., 1996; 
Siegel et al., 1996). So far it is unknown what the quality is of the studies published in 
reproductive medicine; therefore our first aim was to evaluate the methodological quality 
of these studies. Insight into the quality of economical analysis in reproductive medicine 
is important for valuing the performed studies and to assess whether these studies are of 
such quality that they can be used for decision-making.

In vitro fertilization (IVF) is sometimes seen by politicians, policy makers and the general 
public as a medical luxury product and therefore prone to health care cuts. In 2009, one out 
of 38 individuals born in the Netherlands was a result from IVF. (Nederlandse Vereniging 
voor Obstetrie en Gynaecologie (Nederlandse Vereniging voor Obstetrie en Gynaecologie 
(NVOG), 2010). If IVF is cut from public financing, a percentage of these individuals will 
not be born, because many couples are unable to pay for IVF themselves. On short term, 
cutting costly IVF treatment from the government’s expenditure is cost minimizing, but 
this is questionable on the long term. The birth of IVF individuals will, apart from fulfilling 
a wish for a child for a couple, lead to tax revenues in the future, as these children will 
mostly become economic active adults in society. A calculation of lifetime tax revenues of 
IVF conceived individuals in the United Kingdom, United States and Sweden showed positive 
tax revenues attributed to investments in IVF, suggesting that IVF is a good use of public 
resources (Connolly et al., 2009; Connolly et al., 2008; Svensson et al., 2008). Since social 
security transfers and tax rates differ across countries, our second aim was to assess the 
long-term economic benefits attributed to IVF conceived individuals in the Netherlands. 

There are several topics in reproductive medicine in which the cost-effectiveness of 
diagnostic and/or treatment strategies are still unclear. In this thesis we will explore the 
following knowledge gaps:
• Cost-effectiveness of testing for tubal pathology, 
• Cost-effectiveness of dose adjustment in IVF treatment according to ovarian reserve, 
• Cost-effectiveness of treatment strategies for couples presenting with PCOS who fail 

to conceive after six cycles of Clomiphene Citrate, 
• Cost-effectiveness of assisted reproduction for male subfertility, 
• Cost-effectiveness of single versus double embryo transfer and; 
• Cost-effectiveness of oocyte freezing for expanding the reproductive life span.

The first topic that we wanted to explore was the cost-effectiveness of testing for tubal 
pathology. Subfertile women who are diagnosed with bilateral tubal occlusion are usually 
advised to begin in vitro fertilization (IVF) treatment, where women with patent tubes are 
either advised to adhere to a period of expectant management, if they have a favorable 
prognosis to accomplish a natural pregnancy (Hunault et al., 2004; Steures et al., 2006). 
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1Since diagnosis steers treatment, it is important diagnose bilateral tubal occlusion.  
Current most important diagnostic tests that are used to detect tubal occlusion consist 
of the hysterosalpingogram (HSG) and Diagnostic Laparoscopy (DL) and dye. Falloscopy, 
Hystero-contrast-sonography and transvaginal hydrolaparoscopy are used less frequent 
(Schlief and Deichert., 1991; Kiss et al., 1993; Dechaud et al., 1998; Lundberg et al., 1998; 
Gords et al., 1998). Diagnostic laparoscopy and dye is considered as the gold standard. 
The current guidelines are not in agreement on the most effective diagnostic scenario 
for tubal patency testing, i.e. there is no consensus on which test should initially be used, 
and there is no consensus on the sequence of tests in the fertility workup ( American 
Society for Reproductive Medicine (ASRM), 2006; Bosteels et al., 2007; den Hartog et al., 
2008; Fatum et al., 2002; National Institute for Clinical Excellence, 2004; Perquin et al., 
2006).  In view of this lack of agreement and lack of knowledge on the most cost-effective 
diagnostic-treatment strategy our aim was to compare cost and effectiveness of different 
invasive diagnostic scenarios for the detection of tubal pathology.

The second knowledge gap we explored was the cost-effectiveness of dose-adjustment 
according to ovarian reserve for IVF treatment. In vitro fertilization is less effective in older 
women due to their diminished ovarian reserve (Broekmans et al., 2006). Because there are 
at present no means for improving ovarian reserve, the question arises as to how to best 
integrate the data on ovarian reserve in clinical management to obtain the best possible 
outcome for women. So far, the evidence on this topic is limited.  A systematic review 
on the predictive value of ovarian reserve testing and IVF outcome concluded that poor 
response, defined as fewer than four oocytes after ovarian stimulation, can be predicted 
by ovarian reserve tests and that these tests could be useful to determine the most 
appropriate gonadotropin dosage for an individual woman (Broekmans et al., 2006). A few 
small randomized controlled trials tested the effect of dose individualization, but revealed 
conflicting results (Klinkert et al., 2005; Olivennes et al., 2009). One larger randomized 
controlled trial comparing ovarian hyperstimulation with a standard dose of gonadotropins 
to ovarian hyperstimulation with a dose based on ovarian reserve showed an increase in 
pregnancy rates in women allocated to the individualized dosing of gonadotropins, but 
the confidence intervals on the estimates of the treatment effect were wide (Popovic-
Todorovic et al., 2003). In view of this limited data, we compared the cost effectiveness of 
several treatment scenarios with and without ovarian reserve testing in IVF.

In case a woman presents with an ovulations disorder, treatment of type 1 and the lack 
of treatment for type 3 anovulation is obvious. In case of type 1 treatment is very effective, 
80-90% of the couples is pregnant within 1 year after ovulation induction with GNrH (Braat 
et al., 1991; Balen et al., 1994). For type 3 anovulation, ovarian failure, there no treatment 
available but oocyte donation. The treatment of couples with polycystic ovary syndrome isn’t 
straight forward. Treatment starting with the oral anti estrogen Clomiphene Citrate is effective 
and inexpensive, making this the logical first line therapy. After failing to conceive with three 
to six cycles of Clomiphene Citrate women traditionally proceed to ovulation induction 
with gonadotropins. At present, it is unclear for how many cycles ovulation induction with 
Clomiphene Citrate should be repeated before proceeding to gonadotropins (Fauser et al., 
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2012). Therefore our third aim was to evaluate the cost-effectiveness of various treatment 
strategies in women with PCOS who fail to conceive after 6 cycles of Clomiphene Citrate and 
the choice whether to continue with CC or Gonadotrophins from a cost-effective point of view.

Male subfertility is common in the subfertile population. Male subfertility is authority 
based categorized in mild, moderate and severe male factor on the basis of semen laboratory 
characteristics. Since there is no treatment to improve semen quality, current treatment 
of male subfertility is based on optimizing the chances of fertilization by delivering motile 
sperm close to (intra-uterine insemination), very close to (in vitro fertilization), or even 
inside the oocyte (intra cytoplasmatics sperm injection). Despite the widespread use of IUI, 
IVF and ICSI, these treatments have seldom been tested on their relative effectiveness and 
cost-effectiveness in couples presenting with male subfertility. Little is known on the value 
of classifying severity of male subfertility on basis of semen laboratory characteristics and 
its consequences on determining the optimal treatment strategy. Although the treatment 
options IUI, IVF and ICSI are listed in the Dutch Network Guideline on Subfertility, high 
level evidence is lacking for nearly all recommendations, such as the treatment of first 
choice and the appropriate number of treatment cycles before switching to a second line 
treatment option (Nederlandse Vereniging voor Obstetrie en Gynaecologie (NVOG), 2010). 
Therefore our fourth aim was to evaluate assisted reproduction for couples with male 
subfertility according to the pre-wash total motile sperm count.

Since the aim of in vitro fertilization (IVF) is achieving a live birth, clinical decision 
making in IVF is focused on maximizing a woman’s chances of becoming pregnant. In the 
20th century, the most common approach to increase the likelihood of pregnancy in IVF was 
to transfer multiple embryos (Schieve et al., 1999). This approach indeed resulted in high 
pregnancy rates but also increased the risk of multiple pregnancies. In 2006, 20.8% of all 
pregnancies after IVF were a multiple pregnancy (de Mouzon et al., 2010). This high multiple 
pregnancy rates caused concern since multiple pregnancies are associated with increased 
maternal and perinatal morbidity and mortality, as well as costs (Bergh, 2005; European 
Society of Human Reproduction and Embryology (ESHRE), 2000). A logical solution to this 
recent epidemic of twins was to transfer only one embryo, but evidence on the effectiveness 
of elective single embryo transfer (eSET) in women with an intermediate or poor prognosis 
undergoing IVF is lacking (McLernon et al. ,2010; Pandian et al., 2009). Despite this lack of 
evidence there is a strong trend towards implementing SET in women with an intermediate 
or poor prognosis, but before such a strategy is implemented, it is essential to know whether 
SET is cost-effective relative to DET in these women based on the best available evidence.  
We therefore evaluated the cost-effectiveness of single embryo transfer and double embryo 
transfer by decision analysis in subgroups defined by female age.

In the past decades, the average age of women bearing their first child has increased 
strongly (UNECE, 2007).This is an important reproductive health problem, as women steadily 
lose their oocytes from birth to menopause, with an accelerated loss of oocyte quantity and 
quality from the age of 35 (Baird et al., 2005). As a consequence, female fertility potential 
declines rapidly thereafter, resulting in an increase in involuntary childlessness (Leridon 
2004; van Noord-Zaadstra et al., 1991). This risk of involuntary childlessness increases 
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1from 2 to 3% for women younger than 30 years, to 36% for women of 40 years or older 
(Steenhof and de Jong., 2009; te Velde et al., 2008). Given the recent successes in oocyte 
freezing, fertility preservation for women is now possible (Antinori et al., 2007; Chian et 
al., 2009; Kuwayama et al., 2005; Noyes et al., 2009; Rienzi et al., 2010; Yoon et al., 2003). 
For women with cancer and needing chemotherapy, fertility preservation is already an 
accepted intervention, but oocyte freezing could also help women who want to extend their 
natural reproductive lifespan (Dondorp and De Wert, 2009; European Society of Human 
Reproduction and Embryology (ESHRE), 2004; Homburg et al., 2009; Society for Assisted 
Reproductive Technology (SART) and American Society for Reproductive Medicine (ASRM), 
2008). To obtain oocytes for freezing, these healthy women must undergo IVF treatment, 
which is burdensome, not without health risk and involves extra costs. As a consequence, 
this strategy has been criticized (American Society for Reproductive Medicine (ASRM), 
2009; Batty, 2006; Henderson, 2007; Khamsi, 2007). This may well have been premature, 
because oocyte freezing at a relatively younger age could potentially result in much higher 
pregnancy rates than natural conception or the currently applied strategy, which is IVF 
treatment at an advanced age. To facilitate the debate on oocyte freezing for women who 
want to extend their reproductive lifespan, our last aim was to perform a cost-effectiveness 
analysis and determine whether oocyte freezing at age 35 and using these oocytes at age 
40 for IVF is cost-effective compared with either IVF at the age of 40 using freshly obtained 
oocytes or delayed natural conception without treatment.

In Chapter 2 we give an overview of the methodologic quality of economical analysis 
studies performed in Reproductive Medicine.

In Chapter 3 we address the affordability of public funded IVF from a broader point of 
view. We consider the live course of a child and its effect on society. We assess the lifetime 
net tax contribution of an average IVF-child and non IVF- conceived child. 

In Chapter 4 we present a cost-effectiveness study of invasive diagnostic strategies for 
tubal pathology in the fertility work-up. For this a Markov decision analytic model was 
used, incorporation the risk of tubal pathology. 

In Chapter 5 we present the cost-effectiveness of ovarian reserve testing in IVF. We used a 
Markov decision analytic model to address the effect of dose-individualisation according 
to ovarian reserve.

In Chapter 6 we present a cost-effectiveness study of treatment strategies in women 
with PCOS who failed to conceive after six ovulatory cycles with Clomiphene Citrate. We 
tested various treatment strategies concerning continuation with Clomifene citrate and/
or treatment with gonadotrophins.

In Chapter 7 we present a cost-effectiveness study of treatment for couples with male factor. 
We used a pre-wash TMC < 10 million for the prediction of fertilization failure. Our aim was 
to find out when IUI, IVF or ICSI is preferred from a cost-effectiveness point of view.
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In Chapter 8 our aim was to evaluate until what age SET is cost-effective. We evaluated the 
costs and effectiveness of single embryo transfer with one frozen-thawed single embryo 
transfer compared to double embryo transfer, taking into account female age.

In Chapter 9 we evaluated the cost-effectiveness of oocyte freezing because of anticipated 
gamete exhaustion. We evaluated the cost and effects of oocyte freezing compared to IVF 
treatment.

In Chapter 10 we provide a general discussion of the results of the studies presented in 
this thesis and comment on the implications of these findings.

In Chapter 11 we give a summary of the data presented in this thesis. 
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Chapter 2

Abstract
Objective To evaluate the methodologic quality of economic analyses published in the 
field of reproductive medicine.

Design Systematic review.

Setting Centers for reproductive care.

Patients Infertility patients.

Interventions We performed a Medline search to identify economic evaluation studies 
in reproductive medicine. We included studies that concerned interventions, evaluated 
costs and effects, and were published in a journal on reproductive medicine, gynecology, 
or a major general journal from 1997 through May 2011.

Main Outcome Measures Number of quality criteria adhered to.

Results Our search revealed 5,519 articles, of which 85 met our inclusion criteria. Seventy-
seven (91%) of the economic analyses were on treatment, six (7%) on diagnosis, and two 
(2%) on screening. The mean number of quality criteria adhered to was 20 out of 30 
items, and only one article met all 30 criteria. The mean number of criteria adhered to 
was higher if at least one of the authors was from a methodologic or health economics 
department (mean 23 [n . 30] versus mean 20 [n . 55]). The most common limitations 
of published economic evaluation studies were in methodology or presentation of 
incremental analyses, sensitivity analyses, and discounting.

Conclusions Economic analyses published in the past 15 years in the field of reproductive 
medicine seldom adhere to all recommended methodologic standards. A large majority of 
these publications evaluated treatments rather than diagnostic interventions. 
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Introduction
Decision making on availability and reimbursement of interventions in reproductive medicine 
is becoming increasingly difficult owing to rising health care costs and waning resources. 
Economic analyses underpinning decision making are therefore gaining importance. Quality 
standards have been set on how to perform high-quality economic evaluations, with the 
aim to improve performance (Drummond et al., 1996; Gold et al., 1996; Siegel et al., 1996). 

A review, evaluating the methodologic quality of cost-benefit and cost effectiveness 
studies in journals on obstetrics and gynecology from 1990 to 1996 showed that of 
published economic analyses in this field, only five of the 89 articles reviewed adhered to 
all recommended standards (Smith et al., 1998).

In 2012, an update of this review showed that advances had been made in the past 
decade, but there was still room for further improvement  (Vijgen et al., 2012). 

Because the quality of economic analyses in reproductive medicine has not been 
assessed systematically, and because many guidelines on economic analysis in health 
care were initiated or improved in the middle and late 1990s, we aimed to evaluate the 
methodologic quality of recently published literature concerning economic evaluation 
studies in reproductive medicine in the past decade. Insight into the quality of economical 
analysis in reproductive medicine is important for valuing the performed studies and to 
assess whether these studies can be used for decision making.

Material and methods
We performed a search of peer reviewed journals to identify journals on reproductive 
medicine, medical decision making, and health economics. This resulted in a Medline search 
in 87 peer-reviewed reproductive and gynecologic journals, as well as five general journals: 
the Journal of the American Medical Association, The Lancet, the British Medical Journal, 
the New England Journal of Medicine, and the Canadian Medical Association Journal.

Our systematic search was limited to publications in the English language from January 1, 
1997, to January 5, 2011, because standards on methodologic quality were first published in 
1996 (Drummond et al., 1996; Gold et al., 1996; Siegel et al., 1996). We used the following 
search strategy: [A] using the Mesh term ‘‘cost-benefit analysis’’ and [1] ‘‘cost-benefit analysis 
(Mesh)’’ OR ‘‘cost-benefit’’ OR ‘‘cost-effectiveness’’ and [2] limit for humans and English-
language publications and [3] limit for a specific obstetrics and gynecology journal, or [B] using 
the Mesh term ‘‘costs and cost analysis’’ and [1] ‘‘cost-benefit analysis (Mesh)’’ OR ‘‘cost-
benefit’’ OR ‘‘cost-effectiveness’’ and [2] limit for humans and English-language publications 
and [3] limit for a specific obstetrics and gynecology journal and [4] [B1 to B3] NOT [A1 to A3]. 

Editorials, review articles, letters, technical notes, and articles that used the term cost-
effectiveness or cost-benefit in a descriptive manner, i.e., the study was not supported 
with data, were excluded. The article was considered for inclusion with the use of three 
criteria: 1) The study population consists of subfertile couples; 2) the intervention 
evaluated concerns the field of reproductive medicine; and 3) the study concerns a 
full economic evaluation, defined as a comparative evaluation studying both costs and 
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benefits. Each study eligible for our review was read and independently reviewed by two 
authors. Included articles were subsequently assessed for methodologic quality.

Methodologic Quality
We evaluated the methodologic quality with the use of an assessment form based on 
several international standards developed by Vijgen et al. and resulting in 30-items 
concerning 8 topics (Table 1) (Drummond et al., 1996; Gold et al., 1996; Siegel et al., 
1996; Vijgen et al., 2012; Detsky et al., 1990; Udvarhelyi et al., 1992).  Our data extraction 
form consisted of two separate parts. Part 1 concerned items on clinical and methodologic 
characteristics of the economic evaluation study, including type of intervention, economic 

Table 1. Data Extraction and Methodological Criteria Used in Our study

Data extraction

Country of investigation

Category and type of intervention

Type of patients

Comparative intervention

Type of effectiveness study used

Outcome measure

Economic design & perspective according to authors & reviewers

Method of health benefits valuation

Included costs, price year

Model used

Discounting costs and effects

Time horizon

Sensitivity analysis

Methodological Criteria

Study design: study population, alternatives description, well-defined research question, appropriate 
economic study design, perspective description

Effectiveness data: source of effectiveness data, details of effectiveness study and/or an overview of studies

Benefit measurement an valuation: statement of primary outcome measures, use of outcome measure 
describing the condition of te patient, details of method used for health benefits valuation

Costing: completeness costs (looking at perspective and time horizon), description of resources and unit 
costs, currency and price data, details of inflation adjustment or currency conversion

Modeling: description of modelling, details and key parameters

Adjustments for timing of costs and benefits: appropriate time horizon, discounting mentioned

Allowance for uncertainty: description of statistical tests, description of sensitivity analysis and choice of 
variables

Presentation of results: use of incremental analysis, presentation major outcomes (separate and in a 
ratio), study question answered, logical conclusions
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design (trial-based or model-based), and type of economic evaluation (cost-effectiveness 
or cost-utility analysis). In part 2 we assessed the methodologic quality of the study. 

Each study was independently reviewed by L.M.M. and S.M.C.V., B.C.O. or B.W.J.M. 
Any discrepancies in scoring were resolved by discussion and consensus. All data were 
analyzed descriptively, and individual items were summarized as number and percentage 
of total with a positive score. The total number of items scoring positive was used as 
indicator of overall methodologic quality, and differences between types of journals, and 
between the affiliations of the authors, were analyzed with the use of one-way analysis of 
variance. Trends over time were tested with linear regression (SPSS 16.0). A P value of .05 
was considered to be significant. No ethical approval was needed for this research.

Results
The search strategy yielded 5,119 publications, of which 5,013 (including duplicates) 
were excluded because it was clear from the title and abstract that they did not fulfil the 
selection criteria. They included letters, comments, editorials, and reviews, but most of 
the time the articles were excluded because there were no full economic evaluations.

From the remaining 106 articles, three articles were excluded because they were 
not available in full text. During the review process, 18 articles were excluded because 
after close reading they also did not meet the inclusion criteria. Eighty-five articles were 
finally included and evaluated for methodologic quality. Two of a group of four reviewers 
independently reviewed each of the 85 articles and extracted data from each article with 
the use of the standardized form.

Of the included 85 articles, 73 (86%) were published in journals on reproductive 
medicine, 10 (12%) in journals on obstetrics and gynecology, and 2 (2%) in general 
journals. No studies on reproductive medicine were identified in health economic or 
medical decision making journals. Most economic evaluations were published in Fertility 
and Sterility (n =31; 36%), Human Reproduction (n = 25; 29%), Reproductive Biomedicine 
Online (n = 8; 9%), and Journal of Assisted Reproduction and Genetics (n = 6; 7%). There 
was considerable variation in the annual number of publications over time, but without a 
consistent change over time (Y = -259.148 + 0.132X; P=.4; Fig. 1).

General, Clinical, and Methodologic Characteristics
The general and clinical characteristics are summarized in Table 2. Most studies were 
performed in countries from mainland Europe (n = 32; 38%) and the United States (n = 29; 
34%). In the majority of the cases there was no author involved from a health economics or 
public health department (n = 55; 65%). There were 77 (91%) studies on treatment, 6 (7%) on 
diagnosis, and 2 (2%) on screening. Effectiveness data were mostly based on data integrated 
in decision analysis (n = 34; 40%). All studies used clinical outcome measures, among which 
clinical pregnancy, ongoing pregnancy, live birth, or delivery were the most frequently reported 
outcomes (n = 79; 93%). Methodologic characteristics are summarized in Table 3. Forty-one 
studies (48%) were model based and therefore the comparator was often the comparison of 
different strategies. From the viewpoint of the authors the majority reported their economic 
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study design as cost-effectiveness analysis (n = 71; 84%), but according to our study team this 
design was used even more often (n = 79; 93%). In 43 studies (51%) the perspective was not 
mentioned by the authors. According to our reviewers, a health care perspective was most 
often used (n = 49; 58%). In more than one-half of the studies the chosen time horizon was 
unclear (n = 49; 58%). Discounting of cost or effects was not mentioned in, respectively, 71 
(84%) and 74 (87%) of the studies. A sensitivity analysis was performed in 41 studies (48%).

Quality Assessment
Compliance with methodologic criteria was highest for the description of the study population 
(n = 72; 85%), description of competing alternatives (n = 77; 91%), defining a well defined 
research question (n = 79; 93%), an appropriate study design (n = 77; 91%), reporting the 
source of effectiveness data (n = 79; 93%), and a clearly stated primary outcome (n = 81; 95%).

Compliance was lowest for description of the perspective (n = 21; 25%), completeness 
of costs when looking at the time horizon (n = 26; 31%), details of any adjustment for 
inflation, index year, or currency conversion (n = 35; 41%), details of the statistical test and 
the confidence intervals around them(n = 28; 33%), and reporting of an incremental analysis 
(n = 49; 58%). If no discounting was applied an explanation was rarely given (n = 7; 8%). 

On average, 20 (SD 4.5) out of a possible 30 criteria were adhered to, with only one 
of the articles meeting all 30 methodologic criteria (Wex-Wechowski et al., 2010). We 
compared quality of reporting of studies across different types of journals. Out of the 
30 criteria, on average 20 (SD 4.5) criteria were met in reproductive medicine journals, 
versus 18 (SD 4.9) in obstetrics and gynecology journals and 21(SD 2.8) in general journals 
(P.30). The number of quality criteria adhered to was consistently higher (23 vs. 20; 
P<.005), when one of the authors was affiliated with a health economics department or 
methodologic department compared with authors exclusively from clinical departments.

Figure 1. Publication years of the economic evaluation articles
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Discussion
The main purpose of the present study was to evaluate the methodologic quality of recently 
published economic evaluation studies in reproductive medicine. Our main finding was 
that economic analyses in reproductive medicine still have shortcomings. On average the 
mean number quality criteria adhered to was 20 (SD 4.5) out of 30 criteria, with a range 
from 9 to 30; only one study adhered to all 30 quality criteria. We found that if at least one 

Table 2. General and clinical characteristics of the economic evaluation studies

Characteristic n=85 %

Country

Mainland Europe 32 38%

United States 29 34%

United Kingdom 12 14%

Australia/ New Zealand 5 6%

African country 3 4%

Asian country 2 2%

Canada 2 2%

Author affiliations

All from clinical departments 55 65%

At least one from a methodological or health economics department 30 35%

Intervention type

Treatment 77 91%

Diagnosis 6 7%

Screening 2 2%

Type of effectiveness study used

Data integrated 34 40%

Cohort study 25 29%

RCT 23 27%

Cross sectional study 2 2%

Case-control study 1 1%

Outcome measure used

Live birth 37 44%

Pregnancy, not defined 16 19%

Clincial pregnancy 10 12%

Ongoing pregnancy 8 9%

Delivery 8 9%

other 6 7%
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Table 3. Methodological characteristics of the studies

Characteristic % (N)

Comparative intervention:

Standard/usual care 65% (55)

(Model-based) comparison of different strategies 34% (29)

Next best alternative 1% (1)

Economic study design reviewer (author): Author Reviewer

Cost-effectiveness 84% (71) 93% (79)

Cost-minimization 6% (5) 6% (5)

Cost-utility 0% (0) 1% (1)

Unclear 11% (9) -

Perspective reviewer (author): Author Reviewer

Societal 22% (19) 15% (13)

Health care institution 15% (13) 58% (49)

Third payer 9% (8) 18% (15)

Patient 2% (2) 1% (1)

Unclear 51% (43) 7% (8)

Which costs included? Yes No Unclear

Direct Health Care Costs included: 91% (77) 9% (8)

Direct Non Health Care Costs included: 8% (7) 85% (72) 7% (6)

Indirect Health Care Costs included: 11% (9) 84% (71) 6% (5)

Indirect Non Health Care Costs included: 13% (11) 80% (68) 7% (6)

Model-based study:

Yes 48% (41)

No 51% (43)

Unclear 1% (1)

Chosen time horizon:

Lifetime 1% (1)

>= 1 year 12% (10)

< 1 year 29% (25)

Unclear 58% (49)

Discount rates used: Costs Effects

1% 1% (1)

3% 2% (2) 1% (1)

5% 1% (1)

6% 1% (1)

No discounting applied 12% (10) 11% (9)

Not mentioned 84% (71) 87% (74)
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of the authors was from a health economic or methodologic department, the adherence 
to the quality criteria was higher. The most common limitations we identified were in the 
methodology or presentation of time frame, perspective, incremental analysis, sensitivity 
analysis, and discounting (an explanation of these topics are presented in Supplemental 
Table 1, available online at www.fertstert.org).

Time Frame
The chosen time frame was unclear in 58% (n = 49) of the articles; especially in reproductive 
medicine, a known time frame is essential for interpreting the results, because in most 
analyses an outcome related to pregnancy is involved. It is important to know if this 
pregnancy rate was achieved in, e.g., 1 month or 1 year for the interpretation of the 
outcome. Also, if a time frame is unclear, the reader is unable to decide if discounting 
should be applied and if all essential costs are included. A methodologic review in 
obstetrics and gynecology found a similar result, namely that in 47% a time frame was not 
reported (Subak et al., 2002).

Perspective
The chosen perspective was not mentioned in 51% (n = 43) of the articles, and if a 
perspective was mentioned, it was only substantiated in 74% (n = 63) of the cases. A 
clear statement of the chosen perspective is essential for the interpretation of the results, 
because the chosen viewpoint influences the included cost categories as well as unit cost 
estimates in the evaluation (Drummond et al., 1996). 

An incremental analysis was mentioned in only 58% (n = 49) of the articles. This is 
unfortunate, because this is the statistic of interest in economic analyses (Briggs et al., 
2006). An incremental cost-effectiveness ratio (ICER) shows the extra cost one has to 
invest to gain one additional unit of the health outcome— e.g., one extra pregnancy—
compared with the comparator intervention. An incremental analysis thus enables us to 
evaluate the relative benefit from one alternative to another. We can relate the ICER to 
other interventions, or with some national threshold value which decision makers are 
assumed to be willing to pay for an additional unit of effect (Briggs et al., 2006).

Table 3.  Continued

Characteristic % (N)

If no discounting for costs and/or effect was applied an explaination given

Yes 8% ((7)

No 88% (75)

Not applicable 4% (3)

Sensitivity analyses:

Yes 48% (41)

No 52% (44)
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Sensitivity Analysis
Another shortcoming in many economic evaluations was the lack of sensitivity analyses. 
In fewer than one-half of the articles was a sensitivity analysis performed. If a sensitivity 
analysis was performed, it was mostly limited, e.g., only univariate sensitivity analysis. 
Only a few studies examined their assumptions thoroughly in multivariate sensitivity 
analyses. Other reviews concerning the methodologic quality of economic evaluations 
showed similar rates of 21%–53% (Smith et al., 1998; Subak et al., 2002). It is important 
to consider uncertainty in economic evaluations, to judge whether conclusions are 
meaningful and robust (Drummond et al., 1996). Sensitivity analysis can also help to 
prioritize research. Sensitivity analyses can identify which variables in our economic 
analysis ‘‘drive’’ the results, because some variables carry greater weight than others. If 
the value of the variable that has a large effect on the conclusions is uncertain, this would 
imply the need for further research in this area (Meltzer, 2001).

Discounting
Discounting costs and/or effects was not mentioned in 94% of the evaluated articles, and 
an explanation was given in only 8% of these. In reproductive medicine, most studies 
have a limited time frame and discounting is not applicable. This could be the reason 
why discounting was only sporadically mentioned. Nonetheless, discounting is important 
because costs as well as effects generated in the future are considered to be less important 
than those generated at present. Discounting thus allows for the direct comparison of 
costs and benefits generated during different periods (Meltzer, 2001).

Study Limitations
The search method we used may not have been comprehensive, because it relied on 
specific keywords or the Mesh headings ‘‘cost-effectiveness’’ or ‘‘cost and cost-analysis.’’ 
Identifying specific economic evaluations studies is difficult because usually such studies are 
not systematically classified as such. Furthermore, reviewers were not blinded for authors 
and institutions, or year of publication, although the methodologic criteria to evaluate each 
study were designed to be objective and were applied consistently to all studies evaluated. 
Finally, one of the reviewers (B.W.J.M.) is an author of two of the studies evaluated, though 
he did not contribute to the final scoring decisions of the studies in which he was involved.

In all economic evaluations, a clinical outcome was used as effectiveness measure, 
predominantly live birth (n = 37; 44%). This is a reliable effect measure, and very useful in 
reproductive medicine. We also found that in 19% (n = 16) of the studies, pregnancy was 
an outcome measure, but the definition of pregnancy was not given. In our opinion it is 
important to use live birth as an outcome measure, because in the end this is the outcome 
measure of interest. The aim of reproductive interventions is establishing a live birth, and 
achieving of a pregnancy. None of the studies were based on time to live birth. In our opinion, 
time to live birth is a crucial element for economic evaluations in reproductive medicine, 
not only because the birth of a child is of crucial importance, but also for the time it takes 
to occur. Time to pregnancy is especially important in view of subsequent pregnancies, 
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because most couples desire more than one child, and because failure to conceive is most 
prevalent in couples with relatively higher age, the time aspect is even more relevant. 

Surprisingly, the overwhelming majority of studies addressed issues of treatment, 
rather than diagnosis or screening. Apparently, diagnostic issues are more complicated to 
perform economic analyses on, specifically, the end point is more difficult to define. We 
think that there is a need for economic analyses of diagnostic issues, because a large part 
of the costs in reproductive medicine are spent to diagnostic procedures.

In recent decades, economic evaluations have become increasingly important as a 
means to support medical decision making, and several standards have been published to 
improve design and reporting of economic analysis (Drummond et al., 1996; Gold et al., 
1996; Siegel et al., 1996; Detsky et al., 1990; Udvarhelyi et al., 1992). Nevertheless, many 
publications show that there is still a need for improvement (Smith et al., 1998; Udvarhelyi 
et al., 1992; Subak et al., 2002; Hoomans et al., 2007; Jefferson et al., 2002; Manuel et al., 
2004; Severens, 2001; Vintzileos et al, 2004). 

In conclusion, the present study shows that there is still need for improvement in 
the quality of economical evaluations in reproductive medicine. Much can be gained 
by more clear and transparent reporting of the design (perspective, study horizon) as 
well as values used for costs, probabilities, outcomes, and the performance of sensitivity 
analysis. Understanding and adequately applying and reporting the methodology of cost-
effectiveness analysis is critical for researchers, editors, and readers to accurately interpret 
results. Because decision making—for both clinical and health policy decisions—should 
be based on high-quality evidence on clinical and economic consequences, researchers 
in reproductive medicine should strive to further improve the quality of their economic 
evaluation studies and related publications.
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Supplementary table 1. Terminology in cost-effectiveness studies

Term Explantion

Discounting Process for computing how much a quantitative measure of resource cost or 
health outcome at some point in the future is worth today.

Discounting rate The rate at which costs or health outcome is discounted. 

Health benefits Standard gamble: Involves utilities based on a discrete choice experiment. 
The utilities are dependent on the risk behaviour of the individuals surveyed. 
In general, individual behaviour is risk averse, meaning respondents will tend 
towards the certain outcome rather than the gamble. 
Time trade of: involves utilities based on asking subject s to consider the relative 
amount of time they would be willing to sacrifice to avoid a poorer health state. 
Visual analoge scale: Consists of a single line with anchors representing best 
possible health and death (or some alternative). Respondents are asked 
to place each health state on the line such that the intervals between the 
placements reflect their perceived differences between the health states.

Incremental cost-
effectiveness ratio (ICER)

Is the ratio of the difference in the mean costs of a technology compared 
with the next best alternative to the difference in the mean outcomes. It 
represents the additional cost per extra unit of effect (e.g. QALY) from the 
more effective technology. It is calculated by dividing the difference in costs 
between to scenarios by the difference in effect.

Perspective: Health care:  Considers all health care effects and resources used. 
Third payer: Considers all third payer effects and resources used. 
Patient: Considers all patients effects and resources used. 
Societal: Considers everyone affected by an intervention and all significant 
effects and resources used.

Quality adjusted life year A year of life adjusted for its quality or its value. A year in perfect health is 
considered equal to 1.0 QALY. Death is equal to 0.0 QALY. 
The value of a year in ill health will be somewhere in between. 

Sensitivity analysis A means of representing uncertainty in the results of economic evaluations. 
The four main types of sensitivity analysis are: one-way simple sensitivity 
analysis, multiway simple sensitivity analysis, threshold sensitivity analysis 
and probabilistic sensitivity analysis.

Types of cost Direct health care costs: e.g. admissions, staffing, consumables
Direct non health care costs: e.g. travel costs 
Indirect health care costs: e.g. health care costs in life years gained
Indirect non health care costs: e.g. productivity costs (time lost from work)

Types of economic study 
design

Cost minimization analysis: Effects outcomes have been shown to be 
equivalent. Interventions are based on net costs.
Cost benefit analysis: Effects are measured in monetary terms. The results 
are usually expressed in terms of net benefit (benefit minus cost).
Cost-effectiveness analysis: Effects are unidimensional health outcomes 
(e.g. number of live birth). When combined with costs and compared to at 
least one comparator the results of CEA are often presented as a ratio of 
incremental cost over incremental effect.
Cost utility analysis: Effects are estimated in utility units (e.g. quality adjusted 
life years (QALYs)). When combined with costs and compared to at least one 
comparator the results are presented in terms of incremental cost per QALY.

Willingness to pay: The process in which individuals are asked the maximum they are willing to 
pay, in monetary terms, to achieve a given benefit of an intervention/service.
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Chapter 3

Abstract
We evaluated the lifetime future net tax revenues from individuals conceived after in vitro 
fertilisation (IVF) relative those naturally conceived. We developed a model based on the 
method of generational accounting to evaluate investments in IVF. Calculations were based 
on average investments paid and received from the government by an individual. All costs 
were discounted to their net present values and adjusted for survival. The lifetime net 
present value of IVF-conceived individuals was - €81,374 (the minus sign reflecting negative 
net present value). The life time net present value of IVF-conceived men and women were 
-€47,091 and -€123,177, respectively.  The life time net present value of naturally conceived 
individuals was -€70,392; respective amounts for men and women were -€36,109 and 
-€112,195. The model was most sensitive for changes in the growth in healthcare costs, 
economic growth and the discount rate. Therefore we concluded that just as naturally 
conceived individuals in the Netherlands, IVF-conceived individuals have negative discounted 
net tax revenue at the end of life. The analytic framework described here undervalues the 
incremental value of an additional birth because it only considers the fiscal consequences of 
life, and does not take into consideration broader macroeconomic benefits. 
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Introduction
The baby boom after the second World War and the introduction of birth control in the late 
nineteen sixties has caused a demographic shift in the Netherlands (van der Horst et al., 2010). 
The combination of aging baby boomers and declining birth rates may well result in healthcare 
expenditures that is unsustainable for future generations (van der Horst et al., 2010).

Currently in the Netherlands healthcare expenditure is 9.8% GDP (gross domestic product) 
and rising each year (Roehr, 2010). This expenditure pattern is comparable to other European 
countries, i.e. United Kingdom 9.0% GDP and Germany 10.4% GDP (World Health Organisation, 
2011). In vitro fertilisation (IVF) is sometimes seen by politicians, policy makers and the general 
public as a medical luxury product and therefore prone for health care cuts. In 2009, one out 
of 38 individuals born in the Netherlands was a result from IVF(Nederlandse vereniging voor 
obstetrie en gynaecologie, 2010). If IVF is cut from public financing, a percentage of these 
individuals will not be born, because many couples are unable to pay for IVF themselves.  

On short term, cutting costly IVF treatment from the government’s expenditure is cost 
minimizing, but this is questionable on the long term. The birth of IVF individuals will, apart 
from fulfilling a wish for a child for a couple, lead to tax revenues in the future, as these 
children will mostly become economic active adults in society. A calculation of lifetime tax 
revenues of IVF conceived individuals in the United Kingdom, United States and Sweden 
showed positive tax revenues attributed to investments in IVF, suggesting that IVF is a good 
use of public resources (Connolly et al., 2009; Connolly et al., 2008; Svensson et al., 2008).

These calculations were made by the method of generational accounting. Generational 
accounting is used to calculate the fiscal burden facing currently living generations on the 
basis of current fiscal rules and extrapolating it into net taxes of the future. Net taxes are 
calculated by subtracting the taxes minus the transfers. Transfers include expenditures on 
health, education, individual benefits, pensions and taxes include income tax and value 
added taxes (Bovenberg and ter Rele, 2000; Kotlikoff, 1992).  In principal, GA considers 
whether there will be sufficient tax revenue collected in the future to pay for government 
programmes and whether tax increases or other policy adjustments are necessary to cover 
government expenditures in the future, and whether the tax burden is evenly distributed 
over generations or whether costs are simply passed onto future generations. 

Previous studies showed that IVF represents a positive net tax revenue for the government, 
but social security transfers and tax rates differ across countries. Therefore, we assessed the 
long-term economic benefits attributed to IVF-conceived individuals in the Netherlands. 
Furthermore, we extend the previous analytic framework by considering differences in net tax 
revenue that may arise following the birth of an IVF-conceived boy or girl. 

Materials and methods
A generational accounting model was built to estimate financial transactions between IVF-
conceived singletons and the Dutch government over their projected lifetime (Cardarelli et 
al., 2011). Average IVF costs to achieve a live birth are treated as an investment in human 
capital with long-term economic consequences. In our model we assume the individuals to 
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be average in terms of education, earnings, and health. We also assume that IVF-conceived 
individuals are the same as naturally conceived individuals. The base case year was set at 
2008. All monetary units were converted into the equivalent of 2008 using the consumer 
price index (CBS, Statistics Netherlands, 2011a). If available numbers were categorized, they 
were intrapolated. (The given number was assumed to be the average of the given category. 
A linear equation between two subsequent categories was made with the following form: 
y = ax + b. a is the slope of the line and b is the intercept with the y axis. a could be determined 
by dividing Δy by Δx. Now b could be determined by using a known point in the equation.) 

The life course considered in the model included the following five states: early 
childhood, primary education, higher education, employment and retirement. During the 
three stages of early childhood and education the individual mainly receives investments 
from the government. When the individual enters employment the government becomes 
a net recipient of taxes. Subsequent to employment the individuals retire and tax 
contributions reduce, but health and pension benefits will be provided until the end of life.

Quantification of the net tax contributions
Applying the generational accounting framework, we can derive the net  tax contribution 
or net tax deficit for an individual at any stage of life using the following equation: N(t) = 
T(t) - E(t) - H(t) - C(t) – PS where T(t) is tax revenue paid to the government; E(t) and H(t) 
are the education and healthcare costs, C(t) are the individual tax credits (e.a. morgage 
benefits), and PS is the government pension. The individual also draws a private pension 
of which the government receives a percentage through taxation. The net tax contribution 
at any point in time is represented by NT(t). The model for each stage depends on the 
functional forms for mean income, taxes, education costs and healthcare, as well as 
individual tax credits. The direct costs at each stage are based on average transfer costs 
and adjusted for the proportion of people at each stage over the defined period as follows:

(i) childhood prior to education: from birth to year tE;
(ii) primary/secondary education: from year tE to year tC;
(iii) secondary/tertiary education: from year tC to employment te;
(iv) employment: from year tC or te to pension, tP;
(v) retirement: from tP until death, tD.

In the health investment model, we assigned the following vales for each of the constants 
described above: tE = 6, tC = 16, te = 29, tP = 65, tD = 100. A survival curve of the average 
population was applied to our model to represent an average individual, male and female 
(CBS, Statistics Netherlands, 2008). E.g. at the of 20 years 99% of the population is alive 
and 88% at the age of 60. Retirement age was set at 65, which is current policy in the 
Netherlands. Stages III and IV overlap, because between the ages of 16-29 a proportion 
of people attend secondary/tertiary education and a proportion attends employment 
(Organisation for Economic Co-operation and Development (OECD), 2011). All cost 
calculations were made on an average individual and for an average male and female. For 
an overview of all revenues and expenditures see table 1.
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Sources
To derive all transfers from the government to an individual, various sources were used. 
The National Institute for Public Health and the Environment (RIVM) provided age-specific 
information on healthcare costs. Statistics Netherlands (CBS) has a public database, 
containing data on various subjects including age-specific data on income, income 
components, inflation, number of households, education level and household expenses. 
The Netherlands Bureau for Economic Policy Analysis (CPB) provided information 
concerning economic parameters like the economic growth and growth in healthcare 
expenses. Other searched data sources were the Ministry of Finance, the Ministry of 
Education, Culture and Science, the Ministry of Healthcare, Welfare and Sport and the 
Social Insurance Bank (SVB). 

Labour productivity growth
To account for economic growth over time, costs were adjusted according to economic 
growth (Auerbach et al., 1999; Cardarelli et al., 2011). Average economic growth was set at 
1.7% according to the Netherlands Bureau for Economic Policy Analysis (CPB Netherlands 
Bureau for Economic Policy Analysis,2011). All costs were adjusted for labour productivity 
growth (CBS, Statistics Netherlands, 2011a).

Transfers from the government to individuals
Healthcare costs
IVF cost were based on the Dutch umbrella study (ZONMW, 2005). An average success 
rate of 28% per cycle, which reflects the success rate of a 30 year old women, was used to 
calculate the cost per live birth (Lintsen et al., 2007). The cost per singleton live birth were 
€10,982 adjusted for inflation (CBS, Statistics Netherlands, 2011a). Our calculations were 
based on a IVF conceived singleton child, because the current trend is to try to reduce 
multiple pregnancies by applying single embryo transfers. In the Netherlands this has 
resulted in a significant reduction of multiple pregnancies without a decline in pregnancy 
rate (Nederlandse vereniging voor obstetrie en gynaecologie, 2010). 

Table 1. Overview of government reveneus and expenditures

Revenues Expenditures

Income Tax and Duties Healthcare Costs

Value Added Tax Education Costs

Child Benefit

Child Bound Budget

Daycare Contribution

Pension

Unemployment Benefit

Welfare Support
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Delivery costs were not included in the model, since these costs are assumed to be 
similar between IVF and non IVF individuals. 

Healthcare spending in the Netherlands accounts for 9.8% of gross domestic product.
(Roehr B 2010) The age-and-sex-specific costs per capita expenditure was used in this 
model, healthcare costs paid by the health insurance companies and other financers than 
the government were excluded (National Institute for public health and the environment, 
2008). In the model, we assumed an annual increase in age-adjusted health expenditure 
according to labour productivity growth. 

Individual related transfers
Education
Education costs are based on individuals attending government-funded schools. The 
assumption was made that all individuals will attend government-funded education, which 
is mainly the case in the Netherlands. All individuals are assumed to attend school from 
the age of 4 to 16 years of age, which is obliged by the Dutch law. The costs for primary 
education were €5,300 and €7,107 for secondary education (Organisation for Economic Co-
operation and Development (OECD), 2011). After the age of 16, education remains funded 
by the government. According to the distribution provided by the Dutch statistics, after 
the age of 16, a proportion of people start employment and a proportion stays attending 
education until the age of 29 (Organisation for Economic Co-operation and Development 
(OECD), 2011). The average cost for tertiary education was €6,134. Average education costs 
were calculated per year according to age, sex and level of education distributions.

Education Al lowance
Education cost benefit is available for individuals younger than 18 years that already 
participate in tertiary education. This allowance is dependent on the income of the 
parents. The per capita cost of  €707 was adjusted for the proportion of students receiving 
the allowance (Informatie Beheer Groep, 2009).

Financing of tertiary education
All students from 18 until 30 years receive student financing in case they attend tertiary 
education. This finance is irrespective of the income of the parents. Dependable on the 
parent’s income, some students qualify for a supplementary grant. Calculated average 
cost per student per year were €6,130 (Informatie Beheer Groep, 2009). Average costs 
were adjusted according to the participation rate in tertiary education (Organisation for 
Economic Co-operation and Development (OECD), 2011).

Child benefit
Child benefit is part of the social security system in the Netherlands. It is known as the 
General Individual Benefit Act (AKW, Algemene Kinderbijslag Wet). All parents receive 
child benefit till the 18th birthday of their children (Sociale verzekeringsbank, 2010). 
The amount of benefit is age dependent. Children below 5 years receive €774.92 per 
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year, children aged 6 to 11 €940.96 per year and for children aged 12 to 18 €1107.00 per 
year(Sociale verzekeringsbank, 2010). 

Chi ld-bound-budget
The child-bound-budget is a budget available for children aged below 18 years. This 
budget is income dependent, therefore only parents who have a low income are eligible 
for these benefits. We calculated the average benefit, which was €106 per household 
(CBS, Statistics Netherlands, 2010a). 

Daycare contribution
In the Netherlands, working parents are eligible for daycare contributions according 
to their income. According to the total costs of paid premium and the total amount of 
households and the percentage of households that are eligible for this premium, average 
cost per year could be calculated. Average costs for children aged 0-4 were €3381 and 
€1207 for children aged 4-12 years (Dutch Government, 2009).

Adult related transfers
Average age and sex stratified income was obtained from the Statistics Netherland, the 
Netherlands has a public available database with its costs and transfers (CBS, Statistics 
Netherlands, 2011b). Income was based on single households, to ensure that all income 
components could be ascribed to one individual. Income components in the database 
were subdivided by primary income, gross income and disposable income (CBS, Statistics 
Netherlands, 2011b). According to these tables all average transfers from the government 
to an individual in his adult live could be calculated. These transfers include amongst 
others pensions, unemployment benefits and welfare support.

Transfers from the individual to the government
Income tax and duties
To calculate the income tax and duties the stratified income tables as ascribed above 
were used (CBS, Statistics Netherlands, 2011b). By extracting the gross income minus 
the primary income and transfers like alimony and private income insurance (which 
are included in the gross income provided by CBS, Statistics Netherlands), the transfers 
(income tax and duties) to the government could be calculated stratified by sex and age 
(CBS, Statistics Netherlands, 2011b).

Value added tax
Based on the disposable income, the government’s income by Value Added Tax (VAT) was 
calculated. We assumed that the whole disposable income would be spent (CBS, Statistics 
Netherlands, 2011b). Two VAT rates are used in the Netherlands, a low rate of 6% on food/
provisions and a high rate of 19% on all other goods and services. No VAT has to be paid 
on services like healthcare and education (European Commission, 2010). In 2008 households 
spent 33% on fixed costs (including 2% consumption taxes), 15.6% on food/provisions, 2.3% on 
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healthcare and 3% on other expenses (donations, contributions). This leaves 46.1% for other 
goods and services (CBS, Statistics Netherlands, 2010b; CBS, Statistics Netherlands, 2010c). 

Discount rate
To reflect the depreciation of money over time, we applied a discount rate on the costs of 
IVF (2008). This calculation method is also referred to as net present value. Valuing future 
costs and benefits in discounted terms is the primary criterium for establishing whether 
government action on programmes can be justified (HM Treasury, 2003).We applied a 
4.0% discount rate to all costs (Health care insurance board, 2006).

Sensitivity analysis
In a sensitivity analysis we tested the uncertainty of our model. We performed one-way 
deterministic sensitivity analysis; tornado diagrams were used to present the results. 
The ranges in which the model was tested were changed with in a 75%-125% interval for 
absolute costs, due to great uncertainty, wide ranges were used.  Economic growth rates 
and healthcare growth were changed between 0-5%. The discount rate were changed 
between 1-7%. Also a threshold analysis was performed. 

No ethical approval for this research was needed. All calculations were made in Office 
Excel (Microsoft 2003)

Results
The projected life time net present value of IVF conceived individuals, both male and 
female are illustrated in figure 1. A positive value at any time represents a return to the 
government, while a negative value represents an investment of the government. For an 
average IVF conceived individual, the net present value is negative during his/her entire 
life. The same pattern is seen for men and women who stay a net investment of the 
government. Also the net present value of IVF- and naturally conceived individuals follows 
a similar fiscal life course whereby the only difference between the two is the additional 
IVF investment that is required for conception.

The discounted lifetime net present value of an IVF conceived average individual was 
-€81,374, -€47,091 for an IVF conceived average man and -€123,177 for an IVF conceived 
average woman. The undiscounted lifetime net present value was - €477,502, for an 
individual, - €12,241 for a man and - €993,059 for a woman. The discounted outcomes at the 
age of 25, 50 and 100 of IVF conceived and natural conceived individual are shown in table 2.

Sensitivity analysis
We evaluated the robustness of the model by one-way sensitivity analysis. Calculations were 
made for an average individual. The results are presented in a tornado diagram. A tornado 
diagram indicates the effect of cost changes due to changes in the parameters within the set 
ranges. Each parameter is listed next to its range. (Figure 2) The parameters of healthcare 
growth, discount rate and economic growth were most sensitive for changes in with the set 
ranges. Transfers based on income and education costs had the lowest influence. Threshold 
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analysis showed that if absolute education costs would decline with more than 94%, the net 
present value would be positive at the end of life. Also if transfers based on income would 
increase with more than 228%, transfers based on VAT would increase with more than 244% 
and economic growth would be more than 4.1% per year, the NPV would be positive at 
the end of life for an average individual. For discount rate, healthcare costs and growth no 
threshold could be found were the NPV became positive at the end of live. 

Discussion
According to our analysis the net present value at the end of life of IVF conceived 
individuals is negative, for both men and women. The same is true for naturally conceived 
individuals in the Netherlands.

The results described here are consistent with a generational accounting analysis 
conducted in 1995 for the Netherlands to estimate future intergenerational transfers 

The curves are not adjusted for survival. E.g. if a naturally-conceived man dies at the age of 65 his net present value equals - € 7,372
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Figure 1. Net present value for an IVF and natural conceived- individual, -female and –male

Table 2. Outcome discounted and undiscounted at different age points in life

AGE

25 years
(not adjusted  
for survival)

50 years
(not adjusted  
for survival)

100 years
(not adjusted  
for survival)

Average life 
(adjusted  

for survival)

IVF Individual -€ 147,303 -€ 48,839 -€ 157,164 -€ 81,374

Natural conceived individual -€ 158,285 -€ 59,820 -€ 168,146 -€ 70,392

IVF male -€ 146,397 -€ 37,786 -€ 115,099 -€ 47,091

Natural conceived male -€ 157,379 -€ 48,768 -€ 126,081 -€ 36,109

IVF female -€ 147,727 -€ 67,812 -€ 201,810 -€ 123,177

Natural conceived female -€ 158,709 -€ 78,794 -€ 212,791 -€ 112,195

The curves are not adjusted for survival. E.g. if a naturally-conceived man dies at the age of 65 his net present value equals - € 7,372
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which showed a similar trend, but with a smaller negative return at the end of live, namely 
- $ 76,000 (index level 2008, - €52,456) (Bovenberg et al., 1999). The discrepancy between 
their calculation and our calculation can be explained by different factors. 

First, our calculations are based on an average individual from a single household, while 
the previous study was based on the whole population with a distribution of different 
households. We chose for the single household to be certain that income could only be 
described to one person. We assume that households consisting of more than one individual 
are more successful and therefore have a higher income and consequently pay more taxes. 

Second, in our model we applied different rates for healthcare growth, economic 
growth and discounting, which are more valid now compared to 17 years ago. Finally, 
government policy on taxes and investments and the population distribution have changed 
considerably since 1995 (CBS, Statistics Netherlands, 2011d).

Net present value calculations in the United States, Sweden and United Kingdom have 
previously described a positive result at the end of life. Calculations in the US showed a 
positive net return of 700% of the initial investment (Connolly et al., 2008). Sweden showed 
a similar pattern as the Netherlands, but in contrast their calculated return was positive 
at the end of life (Svensson et al., 2008). Calculation in the UK showed a positive return of 
850% of the initial investment to the government (Connolly et al., 2009). Differences can 
be explained by differences in taxing, social benefits and labour participation. Therefore 
our outcome cannot be extrapolated to other countries. 

This is the first analysis that differentiates between men and women. In our analysis 
both men  and women had a negative return at the end of life, but the negative return 

Figure 2. Tornado diagram
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of women ( - €123,177) was much higher compared to that of men ( - €47,091).This can 
partly be explained by the lower labour participation of women compared to men. In 2008 
59.2% of all women were working , against 77.1% of all men from 15 years of age and up 
(CBS, Statistics Netherlands, 2010d). Also, if women work, this is more likely to be part-
time, compared to men and the income of women is still lower than that of men, resulting 
in less income tax and VAT (CBS, Statistics Netherlands, 2011b). 

Another explanation for the difference between men and women are the health care 
costs. During working life, the costs are approximately the same, but from retirement to 
the end of life, women consume more health care. This is probably because women live 
longer than men and as age progresses healthcare costs increase more rapidly (National 
Institute for public health and the environment, 2008).  

The method of generational accounting has many advantages e.g. it focuses on the 
policy effect on future generations and also takes future developments into account. 
These properties make that generational accounting is suitable to test the sustainability 
of policies. One of the greatest weaknesses of generational accounting is that it has to 
rely on specific assumptions. Because these assumptions are applied over generations, 
the margin of error can become relatively large. It also does not take changes in policies 
into account that one cannot oversee at the moment of calculation, e.g. potential future 
changing in taxes. The results thus have to be interpreted with caution.

Our analysis showed a negative return at the end of life, for an average IVF individual, 
for both men and women. Because an IVF individual does not result in a positive return, 
the government could decide not to invest in IVF, but on the other hand, naturally 
conceived individuals also give a negative return at the end of life. When we only take the 
cost per live birth into account irrespective of the cost transferred and gained in the rest 
of its life, the costs per life gained are €10,982 for a 30 year old mother. This is below the 
cost per life years gained threshold in the Netherlands, namely €20,000 per LYG (Zwart-
van Rijkom et al., 2000). Apart from that, the wish for a child of an infertile couple is 
fulfilled, thus increasing quality of life of the parents.  Another reason why IVF should 
be supported by the health system is the effect of multiple gestations caused by IVF. 
Insurance coverage for IVF services seems to be associated with decreasing number of 
embryos transferred and consequently have an effect on multiple gestations (Reynolds et 
al., 2003). Multiple gestations are associated with high costs, therefore society benefits 
from IVF covered by collective funding (Lukassen et al., 2004). In Belgium, IVF-related 
laboratory costs were reimbursed only when a transfer policy based on single embryo 
transfer was applied. As a result of this project, IVF cycles increased with more than 30% 
and a more than 50% reduction of twin pregnancies.(Ombelet W 2006) Reducing the 
health care costs caused by neonatal costs linked to multiple pregnancies, would save 
85% of the IVF budget (Ombelet, 2006). 

In summary, all individuals in the Netherlands have a negative lifetime discounted net 
tax revenue from the perspective of government at the end of life, but individuals conceived 
after IVF reach this point earlier in life. Whether this is an argument not to reimburse IVF 
anymore depends on the views of society at large and the returns from other social and 
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health policies receiving public funds Because the framework described here translates 
investments in health programs into discounted net tax revenue for government, the 
approach can conceptually be used to compare a wide range of government investments 
such as education, infrastructure or defence. 
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Chapter 4

Abstract
Objective Guidelines are not in agreement on the most effective diagnostic scenario for 
tubal patency testing; therefore, we evaluated the cost-effectiveness of invasive tubal 
testing in subfertile couples compared with no testing and treatment.

Design Cost-effectiveness analysis.

Setting Decision analytic framework.

Population Computer-simulated cohort of subfertile women.

Methods We evaluated six scenarios: (1) no tests and no treatment; (2) immediate treatment 
without tubal testing; (3) delayed treatment without tubal testing; (4) hysterosalpingogram 
(HSG), followed by immediate or delayed treatment, according to diagnosis (tailored 
treatment); (5) HSG and a diagnostic laparoscopy (DL) in case HSG does not prove tubal 
patency, followed by tailored treatment; and (6) DL followed by tailored treatment.

Main outcome measures Expected cumulative live births after 3 years. Secondary 
outcomes were cost per couple and the incremental cost-effectiveness ratio.

Results For a 30–year-old woman with otherwise unexplained subfertility for 12 months, 
3–year cumulative live birth rates were 51.8%, 78.1%, 78.4%, 78.4%, 78.6% and 78.4%, 
and costs per couple were €0, €6,968, €5,063, €5,410, €5,405 and €6,163 for scenarios 
1, 2, 3, 4, 5 and 6, respectively. The incremental cost-effectiveness ratios compared with 
scenario 1 (reference strategy), were €26,541, €19,046, €20,372, €20,150 and €23,184 for 
scenarios 2, 3, 4, 5 and 6, respectively. Sensitivity analysis showed the model to be robust 
over a wide range of values for the variables.

Conclusions  The most cost-effective scenario is to perform no diagnostic tubal tests and 
to delay in vitro fertilisation (IVF) treatment for at least 12 months for women younger 
than 38 years old, and to perform no tubal tests and start immediate IVF treatment from 
the age of 39 years. If an invasive diagnostic test is planned, HSG followed by tailored 
treatment, or a DL if HSG shows no tubal patency, is more cost-effective than DL.

52



Cost-effectiveness of Tubal Patency Tests

Introduction
In couples with subfertility, defined as 1 year of regular unprotected intercourse without 
conception, guidelines recommend the instigation of basic diagnostic investigations for 
both women and men (ASRM Practice Committee Reports, 2006; National Institute for 
Clinical Excellence, 2004). In most guidelines the last step in this fertility work-up consists 
of assessment of tubal patency. 

The guidelines are not in agreement on the most effective diagnostic scenario for tubal 
patency testing, i.e. there is no consensus on which test should initially be used, and there 
is no consensus on the sequence of tests in the fertility workup (ASRM Practice Committee 
Reports, 2006; Bosteels et al., 2007; den Hartog et al., 2008; Fatum et al., 2002; National 
Institute for Clinical Excellence, 2004; Perquin et al., 2006). The reason for this is that all 
diagnostic tests for the detection of tubal pathology have limitations. Like many diagnostic 
test studies, studies on tubal patency tests are hampered by verification and review bias. 
Also, variations in demographic features, disease prevalence, and observer and instrument 
variation, make interpretation of the tests difficult (Lijmer et al., 1999; Whiting et al., 2004). 
Finally, the guidelines do not consider cost or the combination of cost and effectiveness.

This is worrisome, because the decision of whether to start treatment or not is highly 
dependent on tubal patency. Subfertile women who are diagnosed with bilateral tubal 
occlusion are usually advised to begin in vitro fertlisation (IVF) treatment, where women 
with patent tubes are either advised to adhere to a period of expectant management, if 
they have a favourable prognosis to accomplish a natural conception, or are advised to 
start with superovulation and  insemination when the chances of natural conception are 
less favourable (Hunault et al., 2004;Steures et al., 2006). 

In view of this lack of agreement, the aim of our study was to compare cost and 
effectiveness of different invasive diagnostic scenarios for the detection of tubal pathology. 
For this purpose we developed a Markov analytic model (Briggs et al., 2006).

Material and Methods
We constructed a Markov decision tree for subfertile couples who finished their basic fertility 
work-up except for tubal assessment. A Markov model is a more complicated decision 
model used to analyse recurring events over time. It can be very useful for the evaluation of 
cost-effectiveness analyses in reproductive medicine, because every month there is a new 
chance to conceive. Markov models can be used to compute the costs per live birth and the 
incremental cost-effectiveness ratio (ICER). The ICER represents the extra costs per live birth 
between two scenarios. These costs are calculated by dividing the differences in costs by the 
differences in live births of two scenarios. Normal practice is to order strategies or scenarios 
from the least to the most effective. Dominated strategies are then eliminated and the ICERs 
are then calculated for each strategy in comparison with its next-best alternative.
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Patient characteristics and diagnostic tests
Our base-case calculation was centred on 30–year-old women with a regular menstrual cycle, 
who had finished the initial fertility work-up, except for the assessment of tubal patency, 
and had a partner with a normal semen analysis. This initial work-up included a medical 
history, physical examination, evaluation of the menstrual cycle and a semen analysis.

Thereafter, a choice had to be made whether to offer a hysterosalpingogram (HSG) 
or a diagnostic laparoscopy (DL) to assess the tubal status of the woman, or not to offer 
a diagnostic test at all. HSG and DL are both invasive tests. For HSG a contrast medium 
is slowly injected through the cervical canal into the uterine cavity. By X-ray imaging, the 
flow of contrast can be followed and the uterine cavity and lumen of the fallopian tubes 
can be visualised. For DL two abdominal entrance ports are required to introduce the 
laparoscope and an instrument. A water-soluble dye is then injected into the uterine 
cavity and tubal patency can subsequently be assessed through the laparoscope. Also, 
the pelvic cavity can be inspected for the presence of adhesions and endometriosis. HSG 
is typically performed in an outpatient setting and can be painful. DL requires general 
anaesthesia, theatre time and more personnel.

Diagnostic scenarios
Because there is a wide variation in clinical practice in the timing of tubal patency tests 
and in the type of test that is preferred by the provider, we first analysed the implications 
of these choices on pregnancy outcome and costs. To do so, we defined six possible clinical 
scenarios that a clinician can choose (Figure 1), which are summarised for quick reference 
in Table 1. Although the scenario of expectant management and no diagnostic tubal 
test is not usually chosen, we used this scenario as the reference to enhance potential 
differences between all scenarios. The effect of patient characteristics on model results 
was assessed with sensitivity analysis.

Scenario 1 was the reference scenario. In this scenario no tubal assessment was 
performed and no treatment (i.e. IVF) was offered. Couples had a probability to conceive 
naturally for 3 years.

Scenario 2 represented a scenario in which no diagnostic test for tubal pathology was 
performed and all women received immediate treatment to a maximum of three IVF treatments. 
In case no live birth was achieved, couples still had a probability to conceive naturally.

Scenario 3 was defined as a delayed treatment scenario. In this scenario no diagnostic 
test for tubal pathology was offered. All women were subjected to expectant management 
for 1 year. If no live birth was accomplished in this period of time, IVF treatment was started 
for a maximum of three cycles. After failed IVF treatment couples were still considered to 
have a probability to conceive naturally.

In scenario 4, all women received an HSG to assess their tubal status. According to 
diagnosis, a treatment scenario of delayed or immediate treatment was followed (tailored 
treatment). Delayed treatment consisted of 1 year of expectant management followed by 
a maximum of three IVF treatments. Immediate treatment with a maximum of three IVF 
treatments was followed by expectant management in case of IVF failure. Women with 

54



Cost-effectiveness of Tubal Patency Tests

Scenario 1
No diagnostics 
& no treatment

Scenario 2
No Diagnostics 

& immediate treatment

Scenario 3
No diagnostics

& delayed treatment

Scenario 4
HSG 

& tailored treatment

Expectant Management
(36 cycles)

IVF
(3 cycles)

Expectant management
(12 cycles) 

Expectant Management
(33 cycles)

Expectant Management
(21 cycles)

IVF
(3 cycles)

Expectant management
(12 cycles) 

Expectant Management
(21 cycles)

IVF
(3 cycles)

IVF
(3 cycles)

Expectant Management
(33 cycles)

Patent tubae 
OR

One-sided patent 
tube

No Patent tube

3 years (36 cycles)

Age 30 yrs Age 33 yrs

Scenario 6
DL 

& tailored treatment

Expectant management
(12 cycles) 

Expectant Management
(21 cycles)

IVF
(3 cycles)

IVF
(3 cycles)

Expectant Management
(33 cycles)

Patent tubae 
OR

One-sided patent 
tube

No Patent tube

Scenario 5
HSG and DL for no tubal 

patency at HSG

Expectant management
(12 cycles) 

Expectant Management
(21 cycles)

IVF
(3 cycles)

IVF
(3 cycles)

Expectant Management
(33 cycles)

Patent tubae 
OR

One-sided patent 
tube

No Patent tube

Figure 1. Overview of the model

bilateral tubal pathology on HSG received immediate treatment, and women with unilateral 
tubal pathology or no tubal pathology on HSG were subjected to the delayed treatment. 

In scenario 5 all women received an HSG, and women with bilateral tubal pathology 
were subjected to a DL. In this scenario laparoscopy followed as soon as possible after the 
HSG. Depending on the diagnosis, tailored treatment was assigned.

Scenario 6 represents a scenario in which all women underwent a DL and tailored 
treatment was assigned according to diagnosis.

For all six scenarios, the costs of diagnostic tests, treatment and pregnancy probabilities 
were calculated over a 3-year period after finishing the initial fertility work-up. Cycle length 
was set at 1 month. We used a time frame of 3 years because the chances of natural 
conception in couples with unexplained subfertility within these 3 years are substantia 
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(Pandian et al., 2005). The outcome was defined as a live birth of at least one child. 
Estimates for the base-case scenario and ranges for sensitivity analyses are summarised 
in Table 2 and were derived from peer-reviewed literature, as referenced. Rates were 
converted to probabilities when needed. 

The model took a healthcare perspective, with costs based on 2009 prices. Where 
costs were sourced from earlier years they were up-rated using the consumer price index. 
We assume that inflation accounted for all cost changes in the treatment protocol (CBS, 
Statistics Netherlands, 2011).

Details of computer simulation model
Tubal pathology
In the model we differentiated between women with bilateral or no bilateral tubal 
pathology (including unilateral pathology). This distinction was made because women 
with bilateral tubal pathology have a severe reduction in natural pregnancy chances, in 
contrast to unilateral tubal pathology (Mol et al., 1999; Verhoeve et al., 2011). DL was 
used as the reference test. The sensitivity and specificity of HSG were used to predict the 
possibility of true-positive and false-positive findings in women after HSG. The sensitivity 
and specificity of HSG and the prevalence of bilateral tubal pathology in the subfertile 
population were extracted from an individual patient data meta-analysis (Table 2) (Broeze 
et al., 2012). For the calculation of our main outcome we assumed that the prevalence 
of bilateral tubal pathology was 12% (Broeze et al., 2012). We also assumed that no 
complications occurred with either HSG or DL.

Live birth probabilities
We derived live birth probabilities for IVF from a prospective cohort study performed 
between 2002 and 2004 (Lintsen et al., 2007; Moolenaar et al., 2011). In our analysis we 
considered up to three IVF treatments because this is reimbursed by the Dutch health 
services, and is common practice in Europe (Andersen et al., 2007).

Live birth rates after natural conception were calculated with the Hunault prediction 
model, which takes female age, primary or secondary subfertility, duration of subfertility, 
percentage of motile sperm and referral by general practitioner or gynaecologist into account 

Table 1. Simple overview of the scenarios

Diagnostic Treatment

Scenario 1 No No

Scenario 2 No Immediate 

Scenario 3 No Delayed 

Scenario 4 HSG Tailored 

Scenario 5 HSG and DL for no tubal patency at HSG Tailored

Scenario 6 DL Tailored
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Table 2. Base case assumptions and used distributions 

Parameter Base Case Assumption Distribution (*) Reference

Natural live birth rate Age Probability/cycle

no tubal pathology 30 0.034 Normal (0.017-0.050) Hunault et al 

31 0.027 Normal (0.014-0.041) Hunault et al 

32 0.021 Normal (0.010-0.031) Hunault et al 

33 0.016 Normal (0.008-0.024) Hunault et al 

IVF live birth rate Cycle Probability/cycle Distribution (*) Referentie

Age 30 1 0.277 Normal (0.14-0.42) Lintsen et al 

2 0.253 Normal (0.13-0.38) Lintsen et al 

3 0.219 Normal (0.11-0.33) Lintsen et al 

Prevalence

Bilateral tubal pathology 0.12 Beta (ά = 586 ß = 4297) Broeze et al 

Sensitivity & specificity Probability Distribution (*) Reference

Hysterosalpingography (HSG)

Sensitivity 0.60 Beta (ά = 2930 ß = 1953) Broeze et al

Specificity 0.91 Beta (ά = 4444 ß = 439) Broeze et al

Costs Costs Distribution (*) Referentie

Hysterosalpingography 175 Normal (€ 150 - € 200) Institutional costs 

Diagnostic laparoscopy 1100 Normal (€ 800-€ 1300) Institutional costs 

IVF treatment cycle 3079 Normal (€ 2000-€ 4000) Merkus et al 

* Used plausible range in case ( - ) and used alpha and beta (ά ß) in case of a Beta distribution)

(Hunault et al., 2004). The Hunault model calculates the live birth rate after 1 year of expectant 
management for women without tubal pathology. We made the following assumptions: 
women were subfertile for 1 year, were primary subfertile and their partners had a normal 
semen analysis; women with bilateral tubal pathology were not able to conceive naturally; and 
live birth probabilities declined with advancing age according to the model of Hunault.

Live birth rates per year were converted to live birth rates per month.

Costs
Costs per cycle were derived from the Dutch Umbrella study on fertility treatments and from 
our institutional data (Table 2) (Merkus, 2006; The Dutch Healthcare Authority, 2009). 

Outcomes
Cumulative live birth rates were determined for each scenario, as were the estimated 
costs. Live birth rates were defined as continuing pregnancies resulting in a live birth. 
There was no distinction between singleton or multiple gestations. Using these values, we 
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computed the costs per live birth and the ICER. The ICER represents the extra costs per 
live birth between two scenarios. These costs are calculated by dividing the differences in 
costs by the differences in live birth rate of two scenarios.

Sensitivity analysis
To address the uncertainty regarding our assumptions, we carried out one-way and 
probabilistic (Monte Carlo simulations) sensitivity analyses. In the one-way sensitivity 
analysis we varied all variables independently. A threshold analysis was performed to 
determine if and when a variable changed the threshold value. This represents the value 
of a variable above which another scenario is preferred. 

In our base case calculation, no discounting was applied, as it would have little influence 
on the outcome, as most costs were made within one 1 year. In one-way and multiway 
sensitivity analysis we tested the effect of different discounting rates for costs and effects.

In our model, live birth rates were adjusted over time. In our sensitivity analyses we 
assumed that this was fixed during the period of the model, i.e. the live birth rate of a 30-year-
old woman declined by the same percentage as the live birth rate of a 31-year-old woman.

In our base case calculations no considerations were made about endometriosis. For 
that reason we also tested the impact of finding minimal to mild endometriosis at DL, and 
coagulating the lesions in the same session, on live birth rates. To adjust the live birth 
rates, we used an OR of 1.64 (95% CI 1.05–2.57) if women were treated for endometriosis 
(Jacobson et al., 2010). The probability of finding minimal or mild endometriosis at DL was 
set at 30% (Meuleman et al., 2009).

In probabilistic sensitivity analysis the uncertainty of each parameter is quantified in 
terms of a probability distribution of this parameter. Using probabilistic sensitivity analysis, 
confidence intervals of the outcomes are computed. For this analysis distributions were 
fitted for all parameters in the model. We fitted beta distributions for probabilities. If we were 
not able to set beta distributions, normal distributions were fitted. The normal distributions 
were calculated according to the confidence interval from the study or by the plausible 
range provided by expert opinion.11 For the probabilistic sensitivity analysis, 5000 iterations 
of 5000 women were performed. To visualise the probability of the optimal scenario based 
on the willingness to pay (WTP, i.e. willingness to pay for a live birth), cost-effectiveness 
acceptability curves were computed. In reproductive medicine the WTP for a live born is 
an important unknown, but in healthcare questions, the WTP is usually expressed as one 
extra quality of adjusted life year gained. Because this is usually set by decision makers at 
€80,000, we used this figure as the set point for a live birth (Council for Public Health, 2006). 
The ranges and values of all variables used in the sensitivity analyses are shown in Table 2.

To address the effect of varying female age, the model was also applied to women 
aged 20–43 years old. 

We performed our analysis by using a computer-generated Markov model (TREEAGE 
PRO 2009; Tree Age Inc., Williamstown, MA, USA). No approval for this research was needed.
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Results
For a 30–year-old woman, the cumulative live birth rate after 3 years was 51.8% for 
scenario 1, 78.1% for scenario 2, 78.4% for scenario 3, 78.4% for scenario 4, 78.6% for 
scenario 5 and 78.4% for scenario 6. The costs per couple were €0, €6,968, €5,063, €5,410, 
€5,405 and €6,163, and costs per live birth were €0, €8,927, €6,459, €6,904, €6,874 and 
€7,862 for scenarios 1, 2, 3, 4, 5 and 6, respectively. The ICERs, i.e. the extra cost per 
live birth compared with scenario 1 (no treatment and no diagnostic evaluation for tubal 
patency – the reference scenario), were €26,541, €19,046, €20,372, €20,150 and €23,184 
for scenarios 2, 3, 4, 5 and 6, respectively. 

Under the baseline assumptions, the model favoured scenario 3. Scenario 5 was more 
expensive but also more effective compared with scenario 3. The ICER for scenario 3 
compared with scenario 1 was €19,046, the ICER of scenario 5 compared with scenario 3 
was €143,448. Scenario 6 was always dominated by the other scenarios (Figure 2).

Sensitivity analyses
Univariable sensitivity analysis showed that varying the duration of expectant management 
prior to the start of treatment was of little influence. Scenario 3 remained the most cost-
effective, provided that expectant management was adhered to for at least 2 months. Also by 
changing the costs of IVF, HSG or DL, no threshold could be found where a different scenario 
became more cost-effective. Applying univariable sensitivity analysis for different discount 
rates for costs, a threshold was found at a discount rate of 39.5%. Above this threshold 
immediate treatment became the most cost-effective strategy (scenario 2), meaning that 
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Figure 2. Cost-effectiveness plane
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if costs increased per year by 39.5% or more, immediate treatment would become more 
cost-effective. If costs were discounted by 4% per year and effects by 1.5% per year, delayed 
treatment remained the most cost-effective strategy, with an ICER of €19,279 (scenario 3).

In our model the live birth rate declined per year, and in our sensitivity analysis we 
assumed that the live birth rate for the duration of the model was fixed. If IVF live birth 
rates declined by more than 69% per year, HSG and DL (scenario 5) became the most 
cost-effective scenario. If the probability to conceive naturally increased or decreased, our 
conclusions would not change. Women with bilateral tubal pathology at DL were assumed 
to have no natural conception chances in our model. This is debatable, as a prospective 
study found a fecundity rate ratio (FRR) of 0.24 for women with bilateral tubal pathology 
at DL.15 To evaluate this effect we addressed this in a sensitivity analysis. We found that 
applying an FRR with a range between 0 and 1 did not change our conclusions.

The impact of finding minimal or mild endometriosis at DL, and the positive effect on 
the live birth rates if this was treated, did not affect our conclusions, as delayed treatment 
(scenario 3) remained the most cost-effective strategy, although the ICERs for scenarios 5 
and 6 dropped to€19,921 and €20,574, respectively.

Other sensitivity analyses did not alter the conclusions of the model either, as threshold 
values were not found within the set ranges.

Probabilistic sensitivity analysis
The results of the probabilistic sensitivity analysis remained stable for our model, and did 
not alter our baseline results (Table 3). The cost-effectiveness acceptability curve showed 
that if the WTP for a live birth was assumed to be less than €19,600, scenario 1 had the 
highest probability to be the most cost-effective scenario. If the WTP rose above €19,600 
per extra live birth, scenario 3 had the highest probability to be cost-effective.

Table 3. Outcome of the probabilistic sensitivity analysis 

Scenario*
Live Birth 

Mean (95% CI )
Cost per Couple
Mean (95% CI ) 

ICER 
Mean (95% CI )  

Scenario 1 
No diagnostics & no treatment

0.508
(0.310-0.655)

- Reference 
scenario

Scenario 2 
No diagnostics & nirect treatment

0.772 
(0.602-0.886)

€ 6,972 
(€ 4,415 - € 9,742)

€ 29,632
(€ 12,445 - € 67,134)

Dominated

Scenario 3 
No diagnostics & nelayed treatment

0.775
(0.605-0.889)

€ 5,086 
(€ 3,125 - € 7,360)

€ 20,139 
(€ 9,744 - € 46,037)

Scenario 4 
HSG & tailored treatment

0.775 
(0.604-0.888)

€ 5,431 
(€ 3,432 - € 7,728)

€ 24,150 
(€ 10,436 - € 48,549)

Dominated

Scenario 5 
HSG and DL for no tubal patency at HSG

0.778 
(0.608-0.890)

€ 5,428 
(€ 3,455 - € 7,712)

€ 22,389 
(€ 10,612 - € 47,255)

Scenario 6 
DL & tailored treatment

0.775 
(0.606-0.889)

€ 6,187 
(€ 4,172 - € 8,459)

€ 23,150 
(€ 12,595 - € 54,005)

Dominated

*All options referenced to a common baseline, scenario 1
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Female age
The ICERs per additional live birth are presented in Figure 3. Up to the age of 38 years, the 
model favoured scenario 3 as the most cost-effective scenario. From the age of 39 years, 
scenario 2 provided the best value for money. The WTP would have to rise to a maximum 
of €78,507 per additional live birth for a 43–year-old woman (scenario 2). Scenario 6 was 
less cost-effective than scenarios 4 and 5 for all ages. At the age of 30 years, the extra 
costs per additional live birth are minimal between the scenarios, which is caused by the 
minimal decline in birth rates if the women ages by 1 year. As the increase in cumulative 
birth rates flattens, because of the aging of the woman, over a longer period of time the 
differences in costs between the scenarios with advancing age increase.

Prevalence of tubal disease
Until the age of 30 years, delayed treatment was the most cost-effective scenario, 
regardless of the prevalence of tubal pathology. From the age of 40 years, immediate 
treatment became the most cost-effective treatment, regardless of the prevalence. 
Between the ages of 31 and 39 years, the prevalence threshold at which immediate 
treatment became cost-effective declined gradually. For example, if the prevalence of 
tubal pathology rose above 95% for a woman aged 31 years (e.g. if the medical history 
revealed bilateral salpingectomy), immediate treatment became cost-effective, whereas 

Figure 3. Incremental cost-effectiveness per age 
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for a woman aged 39 years, immediate treatment became cost-effective if the prevalence 
of tubal pathology rose above 10% (Figure 4).

Discussion
Because of a lack of consistency on the reported accuracy and predictive capacity of 
tubal patency tests, the clinical application of these tests varies widely between assisted 
conception units. Because of ever increasing healthcare costs and limited resources, 
balanced decisions in the ordering of diagnostic tests and the provision of effective 
treatment are becoming more important to contain expenditure. 

In this study we structured the evidence on clinical and economic outcomes with a 
decision model technique to assess the cost-effectiveness of various scenarios for the 
evaluation of tubal patency. This may help in the clinical decision process as to which tubal 
tests should be used in the fertility work-up, and when they should be used.

Our Markov model showed that the most cost-effective scenario is to perform no 
diagnostic tubal tests and to delay treatment for women up to the age of 38 years, and to 
perform no diagnostic tests and to start immediate treatment from the age of 39 years. 
The second best alternative was HSG followed by DL if necessary (scenario 5), with an 
ICER of €143,448. We assumed that the WTP for an extra live birth was €80,000, which is 
the accepted WTP for one extra quality of adjusted life year in cost effectiveness analyses 
(Council for Public Health, 2006). However, it is unknown what the payer (health provider 
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or couple) is prepared to pay for an extra live birth. Scenario 5 could be the most cost-
effective alternative if the WTP amounts to €143,448 per extra live birth. 

Until the age of 30 years and from the age of 40 years the prevalence of bilateral tubal 
pathology was of no influence on the outcome. In between, immediate treatment and no 
diagnostic tests would be more cost-effective than delayed treatment if the prevalence 
of tubal pathology is above 95% at the age of 31 years, with a gradual decline of this 
threshold value to 10% at the age of 39 years.

Similarly, the outcome was not influenced by the presence and treatment of minimal 
or mild endometriosis. If tubal tests were performed, HSG and DL for women with 
bilateral tubal pathology at HSG, followed by tailored treatment, was more cost-effective 
than DL followed by tailored treatment. The scenarios in which only HSG (scenario 4) or DL 
(scenario 6) were performed were always less cost-effective than the scenarios in which 
an HSG was followed by a DL (in the case of abnormal findings at HSG).

A strength of this study is that we used Hunault’s prognostic model for natural 
conception in subfertile couples (Hunault et al., 2004). This model has been shown to 
be reliable through external validation in a large subfertile population (van der Steeg 
et al., 2007). Also, we used the results of a prospective study on the prediction of IVF 
and intracytoplasmic sperm injection (ICSI) on pregnancy outcome in women with an 
indication for this treatment in accordance with the national Dutch guidelines (Lintsen et 
al., 2007). Another strength is that we used a recent individual patient data (IPD) meta-
analysis in which the information of the test characteristics of HSG was available (Broeze 
et al., 2012). The outcome of the various strategies were therefore based on observational 
studies of different but comparable populations. In the only other known study on the cost-
effectiveness of diagnostic tests for tubal patency, which concluded that both HSG and/
or laparoscopy are cost-effective in most couples, patient characteristics were not taken 
into account and the prognostic profiles of the couples were not externally validated. Also, 
the population studied consisted of a tertiary hospital population only (Mol et al., 2001).

Some other issues also need to be addressed. First, we did not consider the Chlamydia 
Antibody Test (CAT). Although CAT can be of help to differentiate between women who 
have a low or high risk of tubal pathology, the test result is not conclusive whether tubal 
pathology is present, and does not provide additional anatomical information like HSG 
does. In our sensitivity analysis we tested the effect of having a low or high probability 
of tubal pathology, reflected by the prevalence. Another reason not to consider CAT as a 
separate scenario is because a recent IPD analysis showed that the combination of CAT and 
HSG is a better predictor of bilateral tubal pathology than CAT alone (Broeze et al., 2012). 

Second, we assumed that women underwent three consecutive IVF or ICSI treatment 
cycles without any delay in between cycles, and we did not take into account frozen 
embryo transfers and treatment drop-outs. However, by making use of the results of a 
large cohort of women, treated in the Netherlands according to our national guidelines 
for the indications of IVF and ICSI, the prognostic values are representative for clinical 
practice in our country (Lintsen et al., 2007). 

Third, we did not take into account the extra costs that can be involved with multiple 
pregnancies. We did not do so, because the current trend is to try to reduce multiple 
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pregnancies by applying elective single embryo transfers (eSETs), depending on the quality 
of the embryo and the age of the woman. In the Netherlands this has resulted in a significant 
reduction of multiple pregnancies without a decline in pregnancy rate (Nederlandse 
Vereniging voor Obstetrie en Gynaecologie, 2011). The success rates of eSETs are partly 
determined by more transfer procedures (fresh and frozen). eSET thus incurs additional 
costs because these treatment cycles require monitoring of the menstrual cycle. However, 
evidence exists that the costs of eSET are lower than those of double embryo transfers 
(DETs) in the short term, because of an increase in multiple pregnancies in DETs (Scotland 
et al., 2011; Veleva et al., 2009). Research pertaining to the long-term cost effectiveness 
involved with eSET versus DET is continuing (van Heesch et al., 2010).

Fourth, we used the healthcare costs that are paid for by health insurance in the 
Netherlands. Rates are fixed and women are reimbursed. In countries or states where 
there is no national health insurance, fees for consultation, diagnostic tests and fertility 
treatment might differ and therefore influence the costs as presented in this study. 
Therefore, we presented our results in a disaggregated way so that individual decision 
makers can interpret the costs and benefits from their particular viewpoints (Drummond 
and Jefferson, 1996). We assume that relative differences between costs are similar, and 
that therefore our conclusions are also applicable to societies with private healthcare 
systems or when fertility tests and treatment have to be funded privately.

Fifth, the guidelines in economic research recommend to use the most cost-effective 
alternative intervention currently available as a comparator (Drummond and Jefferson, 
1996). As the guidelines for the detection of tubal pathology do not agree on the most cost-
effective intervention, we decided to use the ‘donothing’ scenario as a comparator. By doing 
so, we could demonstrate the maximum gain to be obtained by testing for tubal pathology. 

Sixth, we did not include intrauterine insemination (IUI) as a treatment option, but 
included IVF instead. A recent randomized trial showed that IVF following three cycles of 
superovulation with Clomiphene Citrate was more cost-effective than if IVF treatment was 
preceded by an additional three cycles of IUI and superovulation with gonadotrophins, for 
unexplained subfertility (Reindollar et al., 2010). However, a limitation of that study is that the 
mean and median duration of unexplained subfertility was not provided, and the prognostic 
profile of the couples included cannot be extracted from the paper. This is important in 
interpreting the effectiveness of IUI with superovulation versus expectant management 
(Steures et al., 2006; Custers et al. 2012). Because robust evidence of the effectiveness and 
safety of IUI with superovulation in unexplained subfertility is still lacking, we omitted this 
treatment option in our scenarios (Battacharya et al., 2010; Veltman-Verhulst et al., 2011). 

Our study showed that routine diagnostic tubal patency tests in the fertility work-up are 
not cost effective. However, apart from the information that tests supply for therapeutic 
decisions, tubal tests may have additional effects on the health of patients apart from 
the consequences of subsequent management decisions (Bossuyt and McCaffery, 
2009; Lenhard et al., 2005). These additional effects, such as knowing the cause of the 
subfertility or being reassured that tubes are patent, or anxiety provoked when the tests 
reveal bad news, were not considered in the present analysis. Obviously, adding the value 
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of such information to the present scenarios could reduce the gap between the no testing 
strategies and the strategies of tubal testing. In cost effectiveness studies the WTP will 
influence the outcome of concern, which in this study are the live birth rates. Thus far 
this has never been addressed and should be the subject of further research. Be that as 
it may, when there is a need for information on the tubal status apart from management 
decisions, our analysis showed that a strategy based on HSG followed by laparoscopy if 
HSG shows bilateral occlusion, is superior over laparoscopy alone.

In view of all our findings we suggest the following for tubal patency tests in the fertility 
work-up: in women up to the age of 38 years, and especially below the age of 30 years, 
expectant management and no diagnostic test for at least 12 months is justified, and will 
reduce the number of unnecessary invasive diagnostic tests, complications and costs. An 
HSG followed by laparoscopy, if HSG shows bilateral occlusion, should be considered if 
conception does not occur after expectant management and if a couple prefers fertility 
treatment other than IVF. In women with bilateral distal occlusion, HSG can be helpful to 
decide whether laparoscopic salpingostomy is preferable above or before IVF, although 
randomized evidence for this is lacking. In women aged 39 years and older, immediate 
treatment is the most cost-effective scenario. 

It is not to be expected that every couple is prepared to immediately start IVF 
treatment, or have the financial means to do so. The second best strategy is then to prove 
tubal patency by HSG, and if the tubes are found to be open, couples can be counselled 
to choose between expectant management, intrauterine insemination or IVF, obviously 
taking the prognosis for natural conception into account (Bossuyt and McCaffery, 2009; 
Hunault et al., 2004; Steures et al., 2006). In some women sonographically visible 
bilateral hydrosalpinges may be detected before tubal testing. In these women immediate 
laparoscopy is advised and can be combined at the same time with salpingectomy, as it has 
been shown that this improves IVF outcome (Johnson et al., 2010). In some women, severe 
endometriosis may have a negative impact on their tubal patency and natural pregnancy 
chances. This may be suspected after the initial fertility work-up or discovered upon DL. 
Laparoscopic surgery and additional postoperative treatment may improve live birth rates 
in these women, (Surrey et al., 2002) but often warrants a second laparoscopic procedure 
because extra theatre time or even a referral to a specialized center is required. Because of 
these logistical consequences and additional costs, our conclusions are unlikely to change.

In conclusion, the most cost-effective scenario is to perform no diagnostic tubal tests 
and to delay IVF treatment for at least 12 months for women aged up to 38 years, and 
to perform no tubal tests and start immediate IVF treatment from the age of 39 years. If 
an invasive diagnostic test is planned, HSG followed by tailored treatment or a DL if HSG 
shows no tubal patency, is more cost-effective than DL.
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Chapter 5

Abstract
Objective To compare the cost effectiveness of ovarian reserve testing in in vitro 
fertilization (IVF).

Design: A Markov decision model based on data from the literature and original patient data.

Setting Decision analytic framework.

Patients Computer-simulated cohort of subfertile women aged 20 to 45 years who are 
eligible for IVF.

Interventions [1] No treatment, [2] up to three cycles of IVF limited to women under 41 
years and no ovarian reserve testing, [3] up to three cycles of IVF with dose individualization 
of gonadotropins according to ovarian reserve, and [4] up to three cycles of IVF with 
ovarian reserve testing and exclusion of expected poor responders after the first cycle, 
with no treatment scenario as the reference scenario.

Main Outcome Measures Cumulative live birth over 1 year, total costs, and incremental 
cost-effectiveness ratios.

Results The cumulative live birth was 9.0% in the no treatment scenario, 54.8% for 
scenario 2, 70.6% for scenario 3 and 51.9% for scenario 4. Absolute costs per woman 
for these scenarios were €0, €6,917, €6,678, and €5,892 for scenarios 1, 2, 3, and 4, 
respectively. Incremental cost-effectiveness ratios (ICER) for scenarios 2, 3, and 4 were 
€15,166, €10,837, and €13,743 per additional live birth. Sensitivity analysis showed the 
model to be robust over a wide range of values.

Conclusions Individualization of the follicle-stimulating hormone dose according to 
ovarian reserve is likely to be cost effective in women who are eligible for IVF, but this 
effectiveness needs to be confirmed in randomized clinical trials. 
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Introduction
Debate continues as to whether and to what extent in vitro fertilization (IVF) should 
be applied in older women, especially in view of the high associated costs and low 
effectiveness. This discussion becomes increasingly relevant as the age of women giving 
birth to their first child is still rising in the Western world (Mathews and Hamilton, 2002). 
As a result, more women will be faced with subfertility, resulting in a rise in the number 
of women requesting fertility treatments (Evers, 2002). Indeed, the mean age of women 
undergoing IVF is increasing year after year (de Mouzon et al., 2010). 

In vitro fertilization is less effective in older women due to their diminished ovarian 
reserve (Broekmans et al., 2006). Because there are at present no means for improving 
ovarian reserve, the question arises as to how to best integrate the data on ovarian reserve 
in clinical management to obtain the best possible outcome for the woman. So far, the 
evidence on this topic is limited. There is only one prospective cohort study that has tested 
ovarian reserve in women with a poor response in the first cycle of IVF; women with abnormal 
ovarian reserve testing and a poor response in the first IVF cycle were found to have lower 
ongoing pregnancy rates in subsequent cycles compared with normal responders and poor 
responders with normal ovarian reserve testing (Hendriks et al., 2008). 

A systematic review on the predictive value of ovarian reserve testing and IVF 
outcome concluded that poor response, defined as fewer than four oocytes after ovarian 
stimulation, can be predicted by ovarian reserve tests and that these tests could be useful 
for the assessment of the most appropriate gonadotropin dosage for an individual woman 
(Broekmans et al., 2006). A few small randomized controlled trials tested the effect of dose 
individualization and revealed conflicting results (Klinkert et al., 2005; Olivennes et al., 2009). 
One larger randomized controlled trial comparing ovarian hyperstimulation with a standard 
dose of gonadotropins to ovarian hyperstimulation with a dose based on ovarian reserve 
showed an increase in pregnancy rates in women allocated to the individualized dosing of 
gonadotropins, but the confidence intervals on the estimates of the treatment effect were 
wide (Popovic-Todorovic et al, 2003). In view of this limited data, we compared the cost 
effectiveness of several treatment scenarios with and without ovarian reserve testing in IVF.

Material and Methods
A Markov decision tree was constructed for subfertile couples who were eligible for IVF 
treatment after their fertility work-up had been completed. The main outcome was defined as 
live birth of at least one child. Live birth was defined as an ongoing pregnancy resulting in live 
birth. The decision tree was based on a hypothetical cohort of women aged 20 to 45 years old. 
The age distribution of this cohort was based on a Dutch national prospective study performed 
between 2002 and 2004 (Lintsen et al., 2007). In this cohort we defined four scenarios (Fig. 1).

In scenario 1, the reference scenario, no intervention was applied, and livebirth rates 
were those of natural conception. 

Scenario 2 consisted of IVF up to three cycles without any ovarian reserve testing for 
all couples in whom the woman is 41 years or younger. Women older than 41 years were 
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not treated, and the live-birth rate in these women was the result of natural conception. 
The threshold of 41 was chosen because this is common practice in the Netherlands 
(Nederlandse Vereniging voor Obstetrie en Gynaecologie (NVOG), 1998).

Scenario 3 represents a scenario where all women until the age of 45 years were offered 
three cycles of IVF. Before the start of IVF (maximum of three cycles), all women were tested to 
determine their ovarian reserve. According to a dose nomogram, the women were categorized 
as predicted low, normal, or high responders (Popovic-Todorovic et al, 2003). Predicted low 
responders received a higher dose of gonadotropins (mean dose: 300 IU), whereas among 
predicted high responders the dose was adjusted to a lower amount of gonadotropins (mean 
dose: 75 IU). Predicted normal responders received a dose of 150 IU gonadotropins.

In scenario 4, all women until the age of 45 years were offered IVF, but after the first 
cycle, women were classified as normal responders (>4 oocytes after ovarian stimulation) or 
poor responders (<4 oocytes after stimulation) (Hendriks et al., 2008). Normal responders 
continued their IVF treatment to a maximum of three cycles of IVF if necessary. Poor 
responders underwent ovarian reserve testing and were categorized as: expected poor 
responders—the poor responders with abnormal ovarian reserve testing; and unexpected 
poor responders— the poor responders with normal ovarian reserve testing results. 
Expected poor responders were advised to discontinue treatment, whereas the unexpected 
poor responders were advised to continue their IVF, just like the normal responders.

For all four scenarios, the treatment costs and live-birth rates were calculated over a 1 
year period. According to a Dutch study, the interval between IVF cycles is approximately 
4.6 months (Eijkemans et al., 2008). We therefore assumed that it would take 1 year to 
complete a maximum of three cycles of IVF.

Because of the brief time frame of 1 year, discounting was not applied. Estimates of the 
model and ranges for sensitivity analyses were derived from a national prospective study and 
clinical trials, as referenced (Table 1). Rates were converted to probabilities when needed. 
The cost calculations were performed according to the Dutch situation in the year 2008; 
hence, costs are adjusted according to the consumer price index (CBS, Statistics Netherlands, 
2011). We assumed that in this period no major changes in the costs of treatment occurred 
except for monetary inflation. The model was built from a health care perspective.

Details of the Computer Simulation Model
Patient characteristics 
Patients were between the ages of 20 to 45 years of age. All women were eligible for IVF 
treatment.

Live-birth probabilities 
In all scenarios, natural live birth in between IVF cycles was accounted for. The natural live-
birth probability in between IVF cycles over a period of 1 year IVF is 9.1% (CBS, Statistics 
Netherlands, 2011)(. In this analysis, we did not account for dropouts.

We derived live-birth probabilities for IVF as well as the age distribution of the 
population from a prospective study performed between 2002 and 2004 (Lintsen et 
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al., 2007). This national prospective study represents an average IVF population. These 
probabilities were used for scenario 2 (i.e., IVF for all women until the age of 41 years).

In scenario 3, live-birth probabilities derived from the national prospective study 
were converted to live-birth probabilities according to the randomized controlled trial 
of dose individualization of gonadotropins based on ovarian reserve (Popovic-Todorovic 
et al, 2003; Lintsen et al., 2007). The distribution of women between normal, low, and 
high responders was according to the randomized controlled trial: 37.4% low responders, 
42.0% normal responders, and 20.6% high responders (Popovic-Todorovic et al, 2003).

In scenario 4, the live-birth probabilities were also based on the national prospective 
study (Lintsen et al., 2007). These probabilities were used to estimate the probabilities 
for the unexpected poor, expected poor, and normal responders. We converted the IVF 
live-birth probabilities with a conversion factor according to the probabilities of the 
prospective study (5). As a result, we had the ‘‘best estimate’’ probabilities per age for 
poor and normal responders. The distribution of women between the type of response 
was 64.4% normal responders, 23.4% unexpected poor responders, and 12.2% expected 
poor responders (Hendriks et al., 2008) (see Table 1).

A more detailed description of age-related IVF live-birth rates and the population 
distribution for the different scenarios is available in Supplementary Table 1 (available online).

Costs 
Costs per cycle were derived from the Dutch Umbrella study and from our institutional data 
(Merkus et al., 2006). All monetary units were converted into the equivalent of 2008 using the 
consumer price index (CBS, Statistics Netherlands, 2011). We assumed that in this period no 
big cost changes in the treatment protocol occurred except for inflation. The assumptions on 
costs are summarized in Table 1. The mean costs per cycle are €3,042. The costs for ovarian 
testing consisted of follicle stimulating hormone and antim€ullerian hormone measurements 
and antral follicle count. These costs (€60) are estimated from our institutional diagnosis 
treatment combinations (Dutch Healthcare Authority, 2009). The change in costs due to dose 
individualization was calculated according to the medication costs provided by the Health Care 
Insurance Board (Health Care Insurance Board, 2009). These costs were used in scenario 4; 
we assumed that women with a low ovarian reserve had a mean dose increase of 150 IU and 
women with a high ovarian reserve a mean dose decrease of 75 IU.

Outcomes 
The cumulative probabilities for live birth were determined for each scenario, as were the 
estimated costs. Using these values, we computed the incremental cost-effectiveness ratio 
(ICER), which represents the additional costs per live birth. The ICER is calculated by dividing 
the differences in costs between two scenarios by the difference in live-birth probability 
of the two scenarios. Secondary outcomes were costs per live birth and incremental cost-
effectiveness ratios. We made no distinctions for singleton or multiple gestations in scenarios 
2, 3, and 4 because the distributions are likely to be comparable across these three scenarios.
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Sensitivity analysis 
To address the uncertainty regarding our baseline assumptions, we carried out one-way 
and probabilistic (Monte Carlo simulations) sensitivity analyses. The ranges and values 
used for the sensitivity analysis are shown in Table 1. A multiway sensitivity was applied 
to test the effect of an increase in the number of women aged 40 years and over. Also, 
population and live-birth probabilities were adjusted. 

For the probabilistic sensitivity analysis, distributions were fitted for all parameters in 
the model. Beta distributions were applied to probabilities. If we were not able to fit these 
distributions, a uniform distribution was set (Briggs et al., 2006). Probabilistic sensitivity 
analysis, using 1,000 second-order Monte Carlo simulations, was performed and provided 
the95%confidence intervals around the estimates. To visualize the probability of the 
optimal scenario depending on the willingness to pay, cost-effectiveness acceptability 
curves are computed. 

All computations are performed using a commercially available decision analysis software 
package (TreeAge Pro 2009; Tree Age Inc.). No approval for this research was needed. 

This study was supported by a research grant from the Dutch Health Insurance Board 
(College voor Zorgverzekeringen).

Results
The cumulative birth rates were 9.0% in the no treatment scenario (scenario 1), 54.8% for 
three cycles of IVF without ovarian reserve testing until the age of 41 years (scenario 2), 
70.6% for individualized follicle-stimulating hormone (FSH) dosing according to ovarian 
reserve testing (scenario 3), and 51.9% for exclusion of the expected poor responder 
from subsequent cycles (scenario 4). The cost per couple were €0, €6,917, €6,678, and 
€5,892, for the scenarios 1, 2, 3, and 4, respectively. The calculated cost and live-birth 
rates resulted in a cost per live birth of €0, €12,628, €9,454, and €11,356 for scenarios 1, 
2, 3, and 4, respectively.

Incremental cost-effectiveness ratios (ICER) for scenarios 2, 3, and 4 were €15,166, 
€10,837, and €13,743 per additional live birth compared with the no treatment scenario. 
Scenarios 2 and 4 were both less cost effective per additional live birth compared with the 
scenario of dose individualization (scenario 3), that is, the latter scenario was more effective 
for a lower cost. Thus, under baseline assumptions, the model favored the use of dose 
individualization according to ovarian reserve testing as the most cost-effective scenario.

Sensitivity Analyses
When all variables were subjected to one-way sensitivity analysis, the results remained 
robust. For none of the parameters was a threshold found in the plausible ranges. 
Multiway sensitivity analysis for the percentage of women aged above 40 years showed 
that the conclusions were not altered. If the number of women aged 40 to 45 years in 
our population is quadrupled (5.6% to 20%), dose individualization according to ovarian 
reserve remains the preferred scenario.
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Table 1. Base case assumptions and distributions

Variable
Base case  

probability

Beta distribution

ReferenceN R

Population distribution

Scenario 2; IVF until the age of 41

Women aged 20-41 98,70% 4928 4865 Lintsen, et al 

Women aged 42-45 1,30% 4928 63 Lintsen, et al

Scenario 3; Dose individualisation

Normal Responder 42,00% 131 55 Popovic-Todorovic, et al 

High Responder 35,50% 76 27 Popovic-Todorovic, et al

Low Responder 64,50% 76 49 Popovic-Todorovic ,et al

Scenario 4; Exclusion expected poor responder

Normal Responder 64,40% 222 143 Hendriks, et al

Unexpected Poor Responder 34,30% 79 27 Hendriks, et al 

Expected Poor Responder 65,70% 79 52 Hendriks, et al 

Variable Cycle Age
Base case 

Probability

Uniform distribution

ReferenceMin Max

Live birth probabilities

Scenario 1; No treatment

Natural conception 20-45 3,10% 2,60% 3,70% Eijkemans, et al

Scenario 2; IVF until the age of 41

IVF live birth rate

Women aged 20-41 1 23,50% 18,80% 28,20% Lintsen, et al

2 21,40% 17,10% 25,60% Lintsen, et al

3 18,30% 14,70% 22,00% Lintsen, et al 

Natural live birth rate

Women aged 20-41 20-41 3,20% 2,60% 3,70% Eijkemans, et al

Women aged 42-45 42-45 1,50% 1,30% 1,80% Eijkemans, et al

Scenario 3; Dose individualisation

IVF live birth rate

Normal Responder 1 34,90% 27,90% 41,90% Modelled

2 31,80% 25,40% 38,10% Modelled

3 27,30% 21,80% 32,70% Modelled

High Responder 1 34,90% 27,90% 41,90% Modelled

2 31,80% 25,40% 38,10% Modelled

3 27,30% 21,80% 32,70% Modelled
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In the multivariable sensitivity analysis, the scenario with age restriction (scenario 2) 
was also tested for the ages of 42 until 45 years. The effect of changing the maximum 
age was minimal because the percentage of women aged above 40 years was low in our 
population. Compared with no treatment, the cost per extra live birth was €15,116 for 
IVF until the age of 41 years to a maximum of €15,221 in case the maximum age was set 
at 45 years. If the maximum age of entry into IVF treatment was set at 45 years, and the 
population above 40 years of age was increased (5.6% to 20%) the extra costs per live 
birth compared with no treatment rose to €16,473.

Threshold analysis for the live-birth probabilities after dose adjustment according to 
ovarian reserve showed that if mean IVF live-birth probabilities were above 25.5% per cycle, 
dose individualization according to ovarian reserve remained the most cost effective scenario.

Table 1. Continued

Variable
Base case  

probability

Beta distribution

ReferenceN R

Low Responder 1 34,90% 27,90% 41,90% Modelled

2 31,80% 25,40% 38,10% Modelled

3 27,30% 21,80% 32,70% Modelled

Natural live birth rate

Women aged 20-45 20-45 3,10% 2,60% 3,70% Eijkemans, et al

Scenario 4; Exclusion expected poor responder

IVF live birth rate

Normal Responder 1 31,10% 24,90% 37,30% Modelled

2 28,30% 22,60% 34,00% Modelled

3 22,70% 18,20% 27,20% Modelled

Unexpected Poor Responder 1 8,90% 7,10% 10,70% Modelled

2 10,50% 8,40% 12,60% Modelled

3 29,20% 23,30% 35,00% Modelled

Expected Poor Responder 1 9,20% 7,40% 11,10% Modelled

Natural live birth rate

Women aged 20-45 20-45 3,10% 2,60% 3,70% Eijkemans, et al

Variable
Base case  

Costs a

Uniform distribution

ReferenceMin Max

Costs

IVF cycle 3042 2000 4000 Merkus, et al

Ovarian reserve testing 60 40 80 Institutional costs

Gonadotropin dose increase (150 EH) 700 400 1000 Health care insurance board

Gonadotropin dose decrease (75 EH) -350 -500 -200 Health care insurance board 

a Index year 2008
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The probabilistic sensitivity analysis tested uncertainty around critical model 
parameters as previously described. In the first order sensitivity analysis, the model 
turned out to be stable after simulating 1,000 women.

The mean cost per couple was €0 (95% CI, €0 – €0) for no treatment, €6,908 (95% CI, 
€4,646 – €9,070) for IVF until the age of 41 years, €6,637 (95% CI, €4,583 – €8,619) for 
dose individualization, and €5,858 (95% CI, €3,966 – €7,783) for exclusion of the expected 
poor responder. The mean costs per additional live birth compared with no treatment 
were €15,028 (95% CI, €9,772 – €21,138) for IVF until 41 years, €10,757 (95% CI, €7,345 – 
€14,291) for dose individualization, and €13,707 (95% CI, €8,884 – €19,076) for exclusion 
of the expected poor responder. The ICER was €15,028 (95% CI, €9,772 – €21,138) for IVF 
until the age of 41 years, €10,757 (95% CI, €7,345 – €14,291) for dose individualization, 
and €13,707 (95% CI, €8,884 –€19,076) for exclusion of the expected poor responder.

The outcomes of the probabilistic sensitivity analysis showed that dose individualization 
according to ovarian reserve testing remained the preferred scenario when compared 
with no treatment or IVF until the age of 41 years. Dose individualization has a potential 
positive effect on the live-birth probabilities around the same costs compared with IVF 
until the age of 41 (Fig. 2).

Figure 2. Incremental cost-effectivness ratio scatterplot of the probabalistic sensitivity analysis

The cost-effectiveness acceptability curves show that if the willingness to pay is below 
€10,900, no treatment has the highest probability to be cost effective. If society is willing 
to pay more than €10,900, the scenario of dose individualization according to ovarian 
reserve has the highest probability to be the most cost-effective scenario (Fig. 3).
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Discussion
This study, presenting a Markov decision-analytic model, shows that a scenario of 
individualization of the dose of gonadotropins according to ovarian reserve will increase 
live-birth rates. This scenario will also be cost effective even if IVF is offered for a maximum 
of three cycles until a woman’s age of 45 years. We also demonstrated that even if the 
population aged above 40 years quadruples, the scenario of dose individualization of 
gonadotropins according to ovarian reserve remains cost effective.

The strength of the current scenario analysis is that it shows the effects of applying 
ovarian reserve tests in clinical practice and offers insight into a potential increase in live-
birth rates by individualized ovarian stimulation. To demonstrate the maximum gain to be 
reached, drop-outs were not incorporated in the model. Another strength of this study is 
that the conclusions hold in extended sensitivity analyses; we went to great efforts to be 
transparent in our reporting, which should allow researchers and decision makers to make 
judgments about the applicability of the work to their own setting.

Our cost-effectiveness analysis also has some limitations. First, it is important to realize that 
data on the effectiveness of dose individualization based on ovarian reserve testing are derived 
from one small study (Popovic-Todorovic et al., 2003). Hence, this scenario needs to be tested in 
a larger population to confirm or refute the effect of dose individualization before IVF.

Second, our model ended if the end point ‘‘live birth’’ was reached or 1 year had 
passed. The end-point live birth in this decision tree is modeled. The live-birth probabilities 
used in this model were based on ongoing pregnancy probabilities. The probability that an 
ongoing pregnancy does not end in a live birth is 1% to 2% (Nybo Anderson et al., 2000). 
As this would have little influence on the outcome, we considered ongoing pregnancy as 
representative for live birth.

Figure 3. Cost-effectiveness acceptability curve
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Third, the probability to conceive naturally was low. We based our estimate on the 
natural conception probability during the waiting time for IVF treatment (Eijkemans et 
al., 2008). One could debate that this probability is lower than can be expected in this 
population, but the effect of this assumption on our conclusions is minor. The effect of 
an increase in live-birth rate results in a marginal increase in the additional costs per live 
birth, but the conclusions will remain unchanged.

A few other studies have been published on the topic of dose individualization according 
to ovarian reserve (Klinkert et al., 2005; Olivennes et al., 2009).A small randomized clinical 
trial comparing dose individualization according to ovarian reserve versus a standard dose 
of gonadotropins showed no effect of dose individualization in predicted poor responders 
based on the antral follicle count (Klinkert et al., 2005). The lack of effect in this randomized 
controlled trial could possibly be contributed to the 10-year difference in the mean age 
of the women in this trial and the women in the reference study we used (Klinkert et 
al., 2005; Popovic-Todorovic., 2003). An explanation for this discrepancy may be that the 
largest effect of dose adjustment is achieved in younger women who have a poor ovarian 
reserve, but that there is less effect in women aged above 40 years old. In our hypothetical 
cohort, dose individualization remains cost effective in spite of offering IVF treatment to 
women aged above 42 years old. Thus, due to the increase in live births in the younger 
population, offering IVF to an older population is justified from a cost-effective point of 
view when comparing scenario 2 to scenario 3.

A pilot study published on an algorithm for individualized gonadotropins dosing based 
on initial patient characteristics yielded results that are in line with our present data; 
therefore, the outcome of our economical model is also applicable to this pilot study 
(Olivennes et al., 2009). The population distribution of patients who received a lower 
dose of gonadotropins was increased in the pilot study compared with our value, namely, 
76.4% in the pilot study compared with 20.6% in our model, which leads to a lower mean 
dose of gonadotropins used. This reduction in gonadotropins administered will result in 
lower costs and therefore yield an even more improved cost effectiveness.

Our data suggest that dose individualization of gonadotropins according to ovarian 
reserve before IVF can have a potential positive effect on live-birth rates and a decrease in 
treatment costs. A large randomized trial is needed to confirm the potential of higher live 
birth probabilities due to dose individualization especially in relation to the woman’s age.
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Supplementory table 1. In vitro fertilization pregnancy rates and population distribution used in the 
model

Age

Population 
distribution 

(%)* Cycle

IVF probabilities (%)

Scenario 2* Scenario 3** Scenario 4**

Predicted 
normal 

response

Predicted 
high 

response

Predicted 
low 

response
Normal 

responder

Unexpected  
poor 

responder

Expected  
poor 

responder

20 0,1% Cycle 1 18,6% 27,8% 27,8% 27,8% 24,8% 7,1% 7,4%

Cycle 2 16,8% 25,2% 25,2% 25,2% 22,4% 8,3% -

Cycle 3 14,3% 21,4% 21,4% 21,4% 17,8% 22,9% -

21 0,1% Cycle 1 19,5% 29,3% 29,3% 29,3% 26,1% 7,5% 7,8%

Cycle 2 17,7% 26,5% 26,5% 26,5% 23,6% 8,8% -

Cycle 3 15,0% 22,6% 22,6% 22,6% 18,8% 24,2% -

22 0,5% Cycle 1 20,6% 30,8% 30,8% 30,8% 27,5% 7,9% 8,2%

Cycle 2 18,6% 27,9% 27,9% 27,9% 24,9% 9,2% -

Cycle 3 15,9% 23,8% 23,8% 23,8% 19,8% 25,5% -

23 0,6% Cycle 1 21,6% 32,4% 32,4% 32,4% 28,9% 8,3% 8,6%

Cycle 2 19,6% 29,4% 29,4% 29,4% 26,2% 9,7% -

Cycle 3 16,7% 25,1% 25,1% 25,1% 20,9% 26,9% -

24 0,8% Cycle 1 22,7% 34,1% 34,1% 34,1% 30,3% 8,7% 9,0%

Cycle 2 20,6% 30,9% 30,9% 30,9% 27,6% 10,2% -

Cycle 3 17,6% 26,5% 26,5% 26,5% 22,0% 28,3% -

25 1,7% Cycle 1 23,8% 35,7% 35,7% 35,7% 31,8% 9,1% 9,5%

Cycle 2 21,6% 32,5% 32,5% 32,5% 28,9% 10,7% -

Cycle 3 18,6% 27,8% 27,8% 27,8% 23,2% 29,8% -

26 2,2% Cycle 1 24,9% 37,3% 37,3% 37,3% 33,2% 9,5% 9,9%

Cycle 2 22,6% 34,0% 34,0% 34,0% 30,3% 11,2% -

Cycle 3 19,4% 29,2% 29,2% 29,2% 24,3% 31,2% -

27 3,1% Cycle 1 25,8% 38,8% 38,8% 38,8% 34,5% 9,9% 10,3%

Cycle 2 23,6% 35,3% 35,3% 35,3% 31,5% 11,7% -

Cycle 3 20,3% 30,4% 30,4% 30,4% 25,3% 32,5% -

28 4,5% Cycle 1 26,7% 40,0% 40,0% 40,0% 35,7% 10,2% 10,6%

Cycle 2 24,4% 36,6% 36,6% 36,6% 32,6% 12,1% -

Cycle 3 21,0% 31,5% 31,5% 31,5% 26,2% 33,7% -

29 5,6% Cycle 1 27,3% 41,0% 41,0% 41,0% 36,5% 10,5% 10,9%

Cycle 2 25,0% 37,5% 37,5% 37,5% 33,4% 12,4% -

Cycle 3 21,5% 32,3% 32,3% 32,3% 26,9% 34,6% -
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Supplementory table 1. Continued

Age

Population 
distribution 

(%)* Cycle

IVF probabilities (%)

Scenario 2* Scenario 3** Scenario 4**

Predicted 
normal 

response

Predicted 
high 

response

Predicted 
low 

response
Normal 

responder

Unexpected  
poor 

responder

Expected  
poor 

responder

30 7,0% Cycle 1 27,7% 41,6% 41,6% 41,6% 37,0% 10,6% 11,0%

Cycle 2 25,3% 38,0% 38,0% 38,0% 33,9% 12,5% -

Cycle 3 21,9% 32,8% 32,8% 32,8% 27,3% 35,1% -

31 8,3% Cycle 1 27,7% 41,6% 41,6% 41,6% 37,0% 10,6% 11,0%

Cycle 2 25,3% 38,0% 38,0% 38,0% 33,9% 12,5% -

Cycle 3 21,9% 32,8% 32,8% 32,8% 27,3% 35,1% -

32 9,5% Cycle 1 27,3% 40,9% 40,9% 40,9% 36,5% 10,4% 10,8%

Cycle 2 24,9% 37,4% 37,4% 37,4% 33,3% 12,3% -

Cycle 3 21,5% 32,2% 32,2% 32,2% 26,8% 34,5% -

33 9,4% Cycle 1 26,4% 39,6% 39,6% 39,6% 35,3% 10,1% 10,5%

Cycle 2 24,1% 36,1% 36,1% 36,1% 32,2% 11,9% -

Cycle 3 20,7% 31,1% 31,1% 31,1% 25,9% 33,3% -

34 9,0% Cycle 1 25,0% 37,6% 37,6% 37,6% 33,4% 9,6% 9,9%

Cycle 2 22,8% 34,2% 34,2% 34,2% 30,5% 11,3% -

Cycle 3 19,6% 29,4% 29,4% 29,4% 24,5% 31,5% -

35 7,4% Cycle 1 23,3% 35,0% 35,0% 35,0% 31,1% 8,9% 9,3%

Cycle 2 21,2% 31,8% 31,8% 31,8% 28,3% 10,5% -

Cycle 3 18,1% 27,2% 27,2% 27,2% 22,7% 29,1% -

36 7,2% Cycle 1 21,3% 31,9% 31,9% 31,9% 28,4% 8,1% 8,4%

Cycle 2 19,3% 28,9% 28,9% 28,9% 25,8% 9,6% -

Cycle 3 16,5% 24,7% 24,7% 24,7% 20,6% 26,4% -

37 6,5% Cycle 1 19,0% 28,5% 28,5% 28,5% 25,4% 7,3% 7,5%

Cycle 2 17,2% 25,8% 25,8% 25,8% 23,0% 8,5% -

Cycle 3 14,6% 21,9% 21,9% 21,9% 18,3% 23,5% -

38 5,7% Cycle 1 16,6% 25,0% 25,0% 25,0% 22,2% 6,4% 6,6%

Cycle 2 15,0% 22,5% 22,5% 22,5% 20,1% 7,4% -

Cycle 3 12,7% 19,1% 19,1% 19,1% 15,9% 20,4% -

39 4,8% Cycle 1 14,3% 21,4% 21,4% 21,4% 19,1% 5,5% 5,7%

Cycle 2 12,9% 19,3% 19,3% 19,3% 17,2% 6,4% -

Cycle 3 10,8% 16,3% 16,3% 16,3% 13,5% 17,4% -
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Supplementory table 1. Continued

Age

Population 
distribution 

(%)* Cycle

IVF probabilities (%)

Scenario 2* Scenario 3** Scenario 4**

Predicted 
normal 

response

Predicted 
high 

response

Predicted 
low 

response
Normal 

responder

Unexpected  
poor 

responder

Expected  
poor 

responder

40 3,4% Cycle 1 12,1% 18,1% 18,1% 18,1% 16,1% 4,6% 4,8%

Cycle 2 10,8% 16,3% 16,3% 16,3% 14,5% 5,4% -

Cycle 3 9,1% 13,7% 13,7% 13,7% 11,4% 14,6% -

41 1,2% Cycle 1 10,1% 15,1% 15,1% 15,1% 13,5% 3,9% 4,0%

Cycle 2 9,0% 13,6% 13,6% 13,6% 12,1% 4,5% -

Cycle 3 7,6% 11,4% 11,4% 11,4% 9,5% 12,2% -

42 0,7% Cycle 1 8,4% 12,6% 12,6% 12,6% 11,2% 3,2% 3,3%

Cycle 2 7,5% 11,2% 11,2% 11,2% 10,0% 3,7% -

Cycle 3 6,3% 9,4% 9,4% 9,4% 7,8% 10,0% -

43 0,4% Cycle 1 6,9% 10,4% 10,4% 10,4% 9,2% 2,6% 2,7%

Cycle 2 6,2% 9,3% 9,3% 9,3% 8,2% 3,1% -

Cycle 3 5,1% 7,7% 7,7% 7,7% 6,4% 8,3% -

44 0,2% Cycle 1 5,7% 8,5% 8,5% 8,5% 7,6% 2,2% 2,3%

Cycle 2 5,1% 7,6% 7,6% 7,6% 6,8% 2,5% -

Cycle 3 4,2% 6,3% 6,3% 6,3% 5,3% 6,8% -

45 0,0% Cycle 1 4,7% 7,0% 7,0% 7,0% 6,3% 1,8% 1,9%

Cycle 2 4,2% 6,2% 6,2% 6,2% 5,6% 2,1% -

Cycle 3 3,5% 5,2% 5,2% 5,2% 4,3% 5,6% -

*Numbers based on the national cohort study of Lintsen et al.
**Numbers are moddeled according to the national cohort study of Lintsen et al and the study of Popovic-
Todorovic et al.
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Chapter 6

Abstract 
The aim of this study was to evaluate the cost-effectiveness of scenarios for women 
with PCOS who ovulate on Clomiphene Citrate (CC), but did not conceive after 6 cycles. 
A decision-analytic-framework was developed for a 30 year old women. We evaluated six 
treatment scenarios: [1]Three cycles of IVF [2]Continuation of CC with six cycles, followed 
by three cycles of IVF in case of no birth [3]-Six cycles of Gonadotrophins and three cycles of 
IVF [4]Twelve cycles of Gonadotrophins and three cycles of IVF [5]Continuation of CC with 
six cycles, six cycles of Gonadotrophins and three cycles of IVF [6]Continuation of CC with 
six cycles, twelve cycles of Gonadotrophins and three cycles of IVF. Two year cumulative 
birth rates were 58%,74%,89%,97%,93% and 98% and costs per couple were €9,518, €7,530, 
€9,711, €9,764, €7,651 and €7,684 for scenario 1, 2, 3, 4, 5 and 6 respectively. Scenario 2 
was the lowest cost option. The extra cost per at least one live birth for scenario 5 was €629 
and for scenario 6 €630. In women with PCOS and CC failure after 6 cycles, continuation 
of treatment with 6 cycles of CC followed by 6-12 cycles of Gonadotrophins and IVF is 
potentially cost-effective. These results should be confirmed in a randomized clinical trial.
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Introduction
Anovulation is one of the leading causes of female infertility. About 80% of anovulatory 
women have a WHO type II or normogonadotropic normoestrogenic anovulation, and 
polycystic ovary syndrome (PCOS) is the most common form of WHO II anovulatory infertility. 

Clomiphene citrate (CC) is widely used as a first line ovulation induction agent (Kousta 
et al., 1997). Systematic reviews and meta-analyses have shown that CC is indeed the best 
primary treatment option in therapy-naïve women with PCOS (Brown et al., 2009; Moll et 
al., 2008). Although 60% to 85% of women starting ovulation induction with CC will ovulate, 
only about 50% of these couples will have conceived after 6 cycles (Neveu et al., 2007). 

When anovulatory women ovulate after CC, but fail to conceive after 6 cycles, 
subsequent treatment scenarios are diverse in current practice. Treatment may continue 
with CC for another 6 cycles or may switch to ovulation induction with gonadotrophins. 

The ESHRE/ASRM consensus guideline recommends that therapy naïve women 
should start with six cycles of CC, but continuation until 12 cycles could be considered 
(ESHRE/ASRM, 2008). This guideline also recommends that second line treatment with 
gonadotrophins should not exceed six ovulatory cycles, but evidence underpinning this is 
not provided. Costs are considered but no definite recommendation is given concerning 
cost-effectiveness (ESHRE/ASRM, 2008). 

From a cost effectiveness point of view, it is thus unclear whether and how long 
one should continue with CC, or whether one should switch to ovulation induction with 
gonadotrophins or even IVF in women with PCOS that ovulate on CC, but failed to conceive 
after 6 cycles. Therefore we evaluated the cost-effectiveness of different treatment 
scenarios in these women.

Materials and methods
A Markov decision tree was constructed for women with PCOS who ovulate on CC but 
failed to conceive after 6 ovulatory cycles. The crucial choice was whether to stick to CC 
or to switch to gonadotrophins, and when to proceed to IVF. To balance the choices for 
treatment, we defined six scenarios (Figure 1).

Scenario 1 represented a scenario in which women received a maximum of three 
cycles of IVF. Scenario 2 consisted of an additional six cycles of CC and a maximum of 3 
cycles of IVF in case no live birth was achieved. In scenario 3 six cycles of gonadotrophins 
were followed by a maximum of three cycles of IVF.  Scenario 4 started with 12 cycles of 
Gonadotrophins and in case of no live birth a maximum of three cycles of IVF was given. 
Scenario 5 consisted of an additional 6 cycles of CC, six cycles of gonadotrophins and 
three cycles of IVF. In scenario 6, 6 additional cycles of CC were followed by 12 cycles of 
gonadotrophins and a maximum of three cycles of IVF in case of no live birth. 

For all six scenarios, the treatment costs and pregnancy probabilities were calculated 
over a two year period. Cycle length was set at one month. We used a time frame of two 
years, because in this period we could test all scenarios. Due to this short time frame, 
no discounting was applied. We did not include drop-out rate in our main analysis, since 
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we wanted to show the maximum possible gain, but we tested the effect of drop-out in 
sensitivity analysis. We did not include the risk of OHSS, as chronic low-dose step up FSH 
regimens virtually is eliminates OHSS (Homburg, 2005). 

The outcome was defined as live birth of at least one child. Estimates for the base-case 
scenario and ranges for sensitivity analyses are summarized in table 1 and were derived 
from peer reviewed literature, as referenced. 

The cost calculation was made according to the Dutch situation in the year 2010; hence 
costs were adjusted according to the consumer price index (CBS, Statistics Netherlands, 
2010). We assumed that in this period no significant cost changes in the treatment 
protocol occurred except for inflation. The model was built from a health care perspective.

Details of computer simulation model
Patient characteristics 
Our base-case calculation was centred on a woman with PCOS who failed to conceive 
after6 ovulatory cycles with CC. As the average female age is 30 years in most studies on 
PCOS, we used this age as our reference point (Brown et al., 2009). 

Figure 1. Overview of the model

92



Cost-effectiveness of Treatment in Women with PCOS

Ta
bl

e 
1.

 B
as

e-
ca

se
 a

ss
um

pti
on

s 
an

d 
us

ed
 d

ist
rib

uti
on

s

Pa
ra

m
et

er
Ba

se
 c

as
e 

as
su

m
pti

on
D

is
tr

ib
uti

on
Re

fe
re

nc
e

Li
ve

 b
irt

h 
pr

ob
ab

ili
tie

s
Cy

cl
e

Pr
ob

ab
ili

ty
/c

yc
le

Cl
om

ip
he

ne
 C

itr
at

e
Cy

cl
e1

-6
0.

07
5

N
or

m
al

 (0
.0

4 
- 0

.1
1)

*
(H

am
m

on
d 

et
 a

l.;
 K

ou
st

a 
et

 a
l.)

G
on

ad
ot

ro
ph

in
s

Pe
r  

cy
cl

e
0.

19
6

N
or

m
al

 (0
.9

8 
- 0

.2
9)

*
(N

ah
ui

s 
et

 a
l.)

IV
F 

fe
m

al
e 

ag
e 

30
-3

1
Cy

cl
e 

1
0.

27
7

N
or

m
al

 (0
.1

4 
- 0

.4
2)

*
(L

in
ts

en
 e

t a
l.)

Cy
cl

e 
2

0.
25

3
N

or
m

al
 (0

.1
3 

- 0
.3

8)
*

(L
in

ts
en

 e
t a

l.)

Cy
cl

e 
3

0.
21

9
N

or
m

al
 (0

.1
1 

- 0
.3

3)
*

(L
in

ts
en

 e
t a

l.)

IV
F 

fe
m

al
e 

ag
e 

32
Cy

cl
e 

1
0.

27
3

N
or

m
al

 (0
.1

4 
- 0

.4
1)

*
(L

in
ts

en
 e

t a
l.)

Cy
cl

e 
2

0.
24

9
N

or
m

al
 (0

.1
2 

- 0
.3

7)
*

(L
in

ts
en

 e
t a

l.)

Cy
cl

e 
3

0.
21

5
N

or
m

al
 (0

.1
1 

- 0
.3

2)
*

(L
in

ts
en

 e
t a

l.)

Pr
ob

ab
ili

ty
 o

f t
w

in
s 

pe
r t

re
at

m
en

t
Pr

ob
ab

ili
ty

/c
yc

le

Cl
om

ip
he

ne
 C

itr
at

e
0.

1
N

or
m

al
 (0

.0
8 

- 0
.1

3)
(E

ijk
em

an
s e

t a
l.;

 K
ou

st
a 

et
 a

l.;
 S

ch
en

ke
r e

t a
l.;

 S
cia

lli
)

G
on

ad
ot

ro
ph

in
s

0.
25

N
or

m
al

 (0
.1

5 
- 0

.4
0)

(J
ac

ob
s 

an
d 

Ag
ra

w
al

; L
en

to
n)

IV
F

0.
11

N
or

m
al

 (0
.0

5 
- 0

.1
6)

*
(N

VO
G

)

Co
st

s 
**

U
ni

ts
 p

er
 c

yc
le

 (r
an

ge
)

U
ni

t c
os

ts
Co

st
/c

yc
le

Cl
om

ip
he

ne
 C

itr
at

e
50

0 
(2

50
-7

50
) m

g
€ 

0.
01

€ 
5 

N
or

m
al

 (€
 2

 - 
€ 

7)
(H

ea
lth

 c
ar

e 
in

su
ra

nc
e 

bo
ar

d)

G
on

ad
ot

ro
ph

in
s

81
4 

(3
33

-1
78

5)
 IE

€ 
0.

41
€ 

33
4 

N
or

m
al

 (€
 1

26
 - 

€ 
78

5)
(H

ea
lth

 c
ar

e 
in

su
ra

nc
e 

bo
ar

d)

IV
F

€ 
3,

12
 

N
or

m
al

 (€
 2

,0
00

 - 
€4

, 0
00

)*
(M

er
ku

s)

Cy
cl

e 
m

on
ito

rin
g

€ 
41

0 
N

or
m

al
( €

 3
10

 - 
€ 

51
0)

*
(v

an
 L

oe
nd

er
sl

oo
t e

t a
l.)

Si
ng

le
to

n 
pr

eg
na

nc
y

€ 
2,

89
 

N
or

m
al

 (€
 2

,3
13

 - 
€ 

3,
46

9)
*

(L
uk

as
se

n 
et

 a
l.)

Tw
in

 p
re

gn
an

cy
€ 

15
,2

8 
N

or
m

al
 (€

 1
2,

22
1 

- €
 1

8,
33

2)
*

(L
uk

as
se

n 
et

 a
l.)

* 
Ra

ng
e 

ba
se

d 
on

 e
xp

er
t o

pi
ni

on
**

 In
de

x 
ye

ar
 2

01
0

93

6



Chapter 6

Live birth probabilities
Estimates of live birth probabilities per cycle for CC were based on a recent Cochrane review 
(Brown et al., 2009). The average probability of live birth was 12,2%. As several studies have 
shown that the highest live birth rate is seen in the first two ovulatory cycles with CC, we 
assumed that live birth rate was 20% in the first two cycles and decreased to 7.5% per cycle 
in subsequent cycles 3 to 6, reflecting an average of 12.2% per cycle. If a live birth was not 
achieved in the first 6 cycles, live birth probabilities decline, but it is no known with what 
rate per cycle (Kousta et al., 1997; Hammond et al., 1983). Therefore in our analysis we 
assumed a steady live birth rate of 7.5% per ovulatory cycle with CC after 6 months.

The live birth probabilities per cycle for gonadotrophins were also based on a recent 
review, that showed an average probability of live birth of 19.6% for gonadotrophins 
(Nahuis et al., 2010). 

We derived live birth probabilities for IVF from a prospective cohort study performed 
between 2002 and 2004 (Lintsen et al., 2007). Since we assumed our population to be 30 
years at the beginning of the model, we considered IVF live birth rates in the range of those 
of 30 to 32 year old women. In our analysis we included up to three IVF cycles because 
this is common practice in Europe (Anderson et al., 2007). In our model we assumed that 
natural conception did not occur.

Twin probability
The probability of conceiving a twin was included in the model, since probabilities differ 
across treatments. The probability of conceiving a twin with CC was set at 10%, with 
gonadotrophins at 25% and with IVF at 11% (Kousta et al., 1997; ESHRE/ASRM, 2008; 
Bayram et al., 2004; Eijkemans et al., 2003; Guzick et al., 2007; Nederlandse vereniging 
van Obstetrie en Gynaecologie (NVOG), 2009; Schenker et al., 1981; Scialli, 1986). 

Costs
Our analysis was performed from a healthcare perspective; therefore only direct medical 
costs were included. We included the costs of CC per cycle, gonadotrophins per cycle, cycle 
monitoring, IVF per cycle, the costs of a singleton and twin pregnancy until 6 weeks post-partum. 

Unit costs of CC and gonadotrophins were derived from the Dutch healthcare insurance 
board (CVZ) (Health insurance board, 2009).  Costs per cycle were calculated according to 
average dosages in the used reviews (Brown et al., 2009; Nahuis et al., 2010). Costs per IVF 
cycle were derived from the Dutch Umbrella study on fertility treatments (Merkus, 2006). 
The cost of a singleton and twin pregnancy until 6 weeks post-partum were derived from 
a cost-analysis in the Netherlands (Lukassen et al., 2004). 

All monetary units were converted into the equivalent of 2010 using the consumer price 
index (CBS, Statistics Netherlands, 2010). We assumed that in this period no significant cost 
changes in the treatment protocol occurred except for inflation. The costs were €5 for a CC 
cycle, €334 for a gonadotrophin cycle, €410 for cycle monitoring, €3119 for an IVF cycle and 
€2,891 for a singleton pregnancy and €15,276 for a twin pregnancy (Table 1).
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Outcomes
Cumulative live birth rates of at least one child were determined for each scenario, as 
were the estimated costs. Using these values, we computed the costs per live birth and 
the incremental cost-effectiveness ratio (ICER). The lowest cost option was used as a 
reference scenario since a no treatment scenario at this stage of the treatment is not 
realistic. The incremental cost-effectiveness ratio represents the extra costs per live birth 
between two scenarios. These costs are calculated by dividing the differences in costs by 
the difference in live birth rate of two scenarios.

Sensitivity analysis
To address the uncertainty regarding our assumptions we carried out one-way and 
probabilistic sensitivity analyses. In our base case calculation no discounting was applied, 
in one-way and multi-way sensitivity analysis we tested the effect of different discounting 
rates for costs and effects. 

In one-way sensitivity analysis we varied all variables independently. Thresholds of all 
used variables were determined. We determined if and when a variable changed our main 
conclusions. The threshold value represents the value of a variable above or below which 
another scenario is preferred. Since we assumed in our model that no spontaneous live birth 
could occur, we tested the in sensitivity analysis what the effect would be if spontaneous 
live birth did occur. We also tested the effect drop-out rate as a continuous rate in all cycles. 

In probabilistic sensitivity analysis the uncertainty in each parameter is quantified in 
terms of a probability distribution of this parameter. For this analysis, distributions were 
fitted for all parameters in the model. We were not able to set beta distributions, hence 
normal distributions were fitted. The normal distributions were calculated according 
to the confidence interval from the study or by the plausible range provided by expert 
opinion (Briggs et al., 2006). For the probabilistic sensitivity analysis, 5,000 iterations of 
5,000 women were performed. To visualize the probability of the optimal scenario based 
on the willingness to pay, cost-effectiveness acceptability curves were computed. The 
willingness to pay expresses society’s willingness to pay for a live birth. The ranges and 
values of all variables used in the sensitivity analyses are shown in table 1.

To address the effect of time to pregnancy resulting in live birth, a threshold analysis 
was performed, in which a live birth was discounted per month and per year. The effect of 
discounting is, for example, that a live birth achieved now is valued more than a live birth 
achieved one year from now. 

We performed our analysis by using a computer-generated M.arkov model (TreeAge Pro 
2009, Tree Age Inc, Williamstown, MA, USA). We did not need IRB approval for this research.

Results
Cumulative live birth after two years was 58% for scenario 1, 74% for scenario 2, 89% for 
scenario 3, 97% for scenario 4, 93% for scenario 5 and 98% for scenario 6. Costs per couple 
were €9,518, €7,530, €9,711, €9,764, €7,651 and €7,684, respectively. (figure 2)
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The lowest cost option was scenario 2. The extra cost per at least one live birth (ICER) 
for scenario 5 was €629 and for scenario 6 €630 compared to scenario 5. These two 
scenarios dominated the other three scenarios. (figure 2)

Sensitivity analyses 
One-way sensitivity analysis showed that if live birth probabilities of gonadotrophins 
would increase above 21% per cycle or if the probability of conceiving a twin after 
gonadotrophins would decrease below 22.8%, scenario 6 would be the dominant scenario. 
Also if the probability of conceiving a twin with IVF would increase above 15%, scenario 6 
would become dominant.

If the drop-out rate per cycle CC, FSH and IVF was more than 1%, scenario 2 became 
the lowest cost option. Scenario 4 became the next best option, with an ICER of €123,959, 
compared to scenario 2. 

If the cost of cycle monitoring would decrease below €357 or the cost of a twin pregnancy 
would decrease below < €13,840, scenario 6 would become the dominant scenario.  The 
remaining variables were robust, i.e. no threshold could be found within the plausible ranges. 

Time to pregnancy resulting in live birth 
The impact of time to live birth was addressed by discounting a live birth per month and per 
year. If live birth was discounted, our conclusions based on the extra cost per live birth did 
not change. We did find a threshold for costs per live birth; if live birth was discounted with 
more than 11% per month, scenario 3 and 4 would become cheaper than scenario 5 and 6.

Probabilistic sensitivity analysis
The results of the probabilistic sensitivity analysis remained stable for our model and 
did not alter our baseline results. (table 2) The cost-effectiveness acceptability frontier 
showed that if the willingness to pay (expressing society’s willingness to pay for a live 

Figure 2.  Incremental cost-effectiveness plane 
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birth) was assumed to be less than €800, scenario 2 had the highest probability to be the 
most cost-effective scenario. If the willingness to pay would rise above €800 per extra live 
birth, scenario 6 had the highest probability to be cost-effective. 

Discussion
In this study we evaluated the cost and effects of different treatment scenarios for women 
with PCOS who did not conceive after 6 ovulatory cycles with CC. Our study showed that, 
after an initial failed number of 6 cycles, a continuation with CC for 6 cycles followed by 
3 cycles of IVF (scenario 2) was the least expensive strategy. Continuation of CC with 6 
cycles, followed by 6 to 12 cycles of gonadotrophins and 3 cycles of IVF in case of no live 
birth (scenario 5 and 6), was more expensive but also generated a higher live birth rate, 
i.e. 93% versus 98%. Whether this scenario is considered to be cost-effective depends on 
the willingness to pay per extra live birth. 

It is counterintuitive that a long treatment protocol is more cost-effective than a short 
protocol. This is due to the low costs of CC; as more women conceive during treatment 
with CC, less women will proceed to the more expensive treatments with Gonadotrophins 
and the even more expensive IVF. However, not only costs, but also time to pregnancy 
resulting in live birth is an important factor. We discounted live birth to test the effect of 
time to pregnancy. Since discounting did not effect our conclusions, the issue of time to 
pregnancy had no influence from a cost-effectiveness point of view.

Most studies concerning pregnancy or live birth rates rates in women who failed to conceive 
after CC focussed on rates per cycle or on the first few cycles. No data of long term treatment-
scenarios are available, which are necessary for patients, clinicians, health economists and 

Table 2. Outcome of the probabilistic sensitivity analysis

Scenario*
Live Birth (%)

Mean (95% CI )
Cost per couple (€)

Mean (95% CI ) 
ICER (€)

Mean (95% CI )

Scenario 1  
(3 cycles IVF)

0.567 (0.320-0.763) € 9,487 (€ 6,897 - € 12,144) dominated

Scenario 2  
(6 cycles CC, 3 cycles IVF)

0.726 (0.549-0.856) € 7,548 (€ 5,765 - € 9,627) Reference

Scenario 3  
(6 cycles FSH, 3 cycles IVF)

0.883 (0.810-0.938) € 9,706 (€ 8,130 - € 11,399) dominated

Scenario 4  
(12 cycles FSH, 3 cycles IVF)

0.968 (0.945-0.984) € 9,769 (€ 7,983 - € 11,666) dominated

Scenario 5  
(6 cycles CC, 6 cycles FSH,  
3 cycles IVF)

0.926 (0.873-0.962) € 7,688 (€6,342 - € 9,250) € 796 (-€ 7,082 - € 9,203)

Scenario 6  
(6 cycles CC, 12 cycles FSH,  
3 cycles IVF)

0.980 (0.963-0.991) € 7,728 (€ 6,309 - € 9,407) € 797 (-€ 7,083 - € 9,315)

 *All options referenced to the low cost option
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policy makers if they are to make an informed choice about treatment strategies for PCOS, 
since treatment may involve many cycles over a long period of time. It is therefore essential to 
quantify the assumptions used in this model in a randomized controlled trial. 

This trend on only reporting the first or the first few cycles is also found in the data of CC. 
There is little known about the live birth rates in consecutive cycles of CC. Two studies showed 
that live birth rates decline in subsequent cycles, but it is unclear with what rate, especially 
after 6 cycles (Kousta et al.,1997; Hammond et al., 1983). Therefore, we assumed a constant 
rate after of live birth in the CC cycles, which we tested in sensitivity analyses. Irrespective of 
the probability of live birth after a CC cycle our conclusions remained the same. 

Also the effectiveness of gonadotrophins in repeated cycles is uncertain, as most 
gonadotrophins studies only report on the first few cycles (Nahuis et al., 2010). If mean live 
birth probabilities per gonadotrophins cycle would increase above 21%, a scenario with 6 
cycles of CC, 12 cycles of gonadotrophins, followed by 3 cycles of  IVF, would become the 
dominant scenario. If live birth per cycle declined, our conclusions remained the same.

In our analyses we did not include intra-uterine insemination (IUI) because there is no 
evidence in favor of IUI versus coitus in women with PCOS that did not conceive after 6 
ovulatory cycles with CC. As IUI requires more hospital visits and is more expensive and 
burdensome for couples, applying IUI should only be considered if it results in significantly 
more pregnancies (ESHRE/ASRM, 2008; Dickey et al., 1993; Kolibianakis et al., 2004; 
Randall & Tempelton, 1991).

Another issue that we need to address is that the guidelines in economic research 
recommend to use the most cost-effective alternative intervention currently available as a 
comparator (Drummond & Jefferson, 1996). Since in ovulation induction, the guidelines do not 
agree on the most cost-effective intervention, we decided to use the lowest cost option as a 
comparator. Also our main outcome was the birth of at least one child. In our analysis we did 
include the costs for a singleton or twin pregnancy but we did not ‘count’ twin pregnancy to 
result in two children, because this would favor scenarios in which twins occur. 

Our study is a long term cost-effectiveness study, comparing different treatment 
scenarios for women with PCOS who did not conceive after 6 ovulatory cycles. There is one 
other study reporting on long term treatment scenarios for women with PCOS (Eijkemans 
et al., 2005). This study compared a standard scenario of CC, followed by FSH and IVF to a 
scenario at which the choice between CC, FSH or IVF was dependable on age, body mass 
index, androgen levels and cycle duration. 

This analysis was based on overall live birth rates and not as ours on cycle level and 
therefore difficult to compare to our study. This study found that CC followed by FSH and 
IVF was an efficient treatment protocol for women under 30 and for women above 30, 
gonadotrophins could be omitted.

Since the costs of CC are so low, one could also assume that continuation of CC with 
more than 12 cycles could be even more cost-effective. Since there is a consensus that it 
is best to limit a patient’s exposure to CC to 12 treatment cycles, as additional cycles may 
place the woman at increased risk of borderline ovarian tumours, we had a maximum of 
12 cycles in our model (Rossing et al., 1994). 
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Our analysis showed that in women who fail on CC, the continuation with 6 cycles 
of CC, followed by 6 or 12 cycles with gonadotrophins, followed by IVF were the most-
cost-effective scenarios. We found in our sensitivity analysis that if IVF cycle costs would 
increase to €3,240, if cycle monitoring cost would decrease to €357, if gonadotrophins 
cost would decrease below €281, or if the cost of a twin pregnancy would decrease below 
€13,840, 6 cycles of CC, with 12 cycles of gonadotrophins followed by IVF, would become 
the dominant scenario (scenario 6). Also if the probability of twins after gonadotrophins 
would decrease below 22.8%, or if the probability of twins after IVF would increase to 
15%, scenario 6 would become the dominant scenario. 

At present, it might be difficult to convince women to continue CC  again for another 6 
months, to switch to 12 months of gonadotropins thereafter due to lack of data. Consequently, 
according to current standards, our scenario might be unrealistic from a clinical perspective. 
It is our unreserved feeling that the purpose of science is to challenge existing practice with 
hypotheses and data. Our article addresses the cost-effectiveness of continuing treatment 
of women with Clomiphene Citrate (CC) after 6 cycles and shows that this strategy could 
potentially be very cost effective, which is important data in this era of health budget restraints. 
As fertility care specialist we are obliged to take costs and effects into considerations and 
promote the best balance between the two. This is what doctors in the twenty first century 
should be doing and in itself also supports the notion of patient centeredness and shared 
decision making. Therefore we conclude that in women who failed to conceive after 6 cycles 
of CC the most cost effective treatment scenario seems to be a continuation of 6 cycles of CC, 
followed by 6-12 cycles of gonadotrophins and 3 cycles of IVF. Obviously, the effectiveness of 
CC and FSH in these long treatment protocols needs to be confirmed in randomized clinical 
trials. We are currently performing such a trial. (NTR1449) Until such trials are completed, we 
propose that continuation of 6 cycles of CC after 6 cycles of CC, followed by gonadotrophins 
should be the treatment of choice recommended by the guidelines. 
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Chapter 7

Abstract 
Objective Intrauterine insemination (IUI) with or without controlled ovarian stimulation 
(COH), in-vitro fertilisation (IVF) and intracytoplasmatic sperm injection (ICSI) are 
frequently used treatments for couples with male subfertility. There is no consensus 
regarding specific cut-off values for semen parameters, at which IVF would be advocated 
over IUI and ICSI over IVF. The aim of this study was to evaluate the cost-effectiveness of 
interventions for male subfertility according to the TMSC. 

Design Cost-effectiveness analysis.

Setting Decision analytic framework. 

Population Computer-simulated cohort of subfertile women aged 30 with a partner with 
a pre-wash TMSC of 0 to 10 million.

Methods We evaluated three treatments IUI with and without controlled ovarian 
stimulation, IVF and ICSI. 

Main outcome measures Expected live birth. Secondary outcomes were cost per couple 
and the incremental cost-effectiveness ratio (ICER).

Results Comparing one cycle IUI-COH to one cycle of IVF, IVF was always more effective but 
also more costly with an extra cost per live birth ranging from €12,260 to €15,296. IVF had a 
lower cost per live birth compared to IUI-COH if the pre-wash TMSC was below 3 million. The 
comparison of one cycle of IUI in natural cycle to one cycle of IVF was unreliable. Comparing 
one cycle IVF to one cycle of ICSI showed that ICSI was more effective but also more costly.  
ICSI had a lower cost per live birth compared to IVF if the pre-wash TMSC was below 3 million. 

Conclusions The choice of IVF over IUI-COH and ICSI over IVF depends on the willingness to pay 
for an extra live birth. If one only considers the cost per live birth for each treatment, above a 
pre-wash TMSC of 3 million, IUI is less costly than IVF and below a pre-wash TMSC of 3 million 
ICSI is less costly. Effectiveness needs to be confirmed in a large randomized controlled trial.
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Introduction
Male subfertility is a common condition, diagnosed in 30% of all couples presenting with 
subfertility and as a contributory factor in another 20% (Hull et al., 1985; Crosignani et al., 1994). 
Intrauterine insemination (IUI) with or without controlled ovarian stimulation (COH), in-vitro 
fertilisation (IVF) and intracytoplasmatic sperm injection (ICSI) are frequently used treatments 
for couples with male subfertility (Goverde et al., 2000; Cohlen et al., 2005; Tournaye et al., 
2012). Despite their widespread use, their cost-effectiveness has never been compared.

In a large prospective study among subfertile couples on the prognostic capacity of 
semen quality for fathering a child after natural conception, we observed that there was a 
strong correlation between semen parameters and the probability of natural conception 
(van der Steeg., 2011).  A population based study in first time pregnancy planners found 
a strong predictive capacity of semen volume, sperm motility, and sperm concentration 
for natural conception (Bonde et al., 1998). Furthermore, the total motile sperm count 
(TMSC) appears to have a consistent, direct relationship with the pregnancy rate per cycle 
after IUI, but there is no definite predictive threshold for success (Tijani et al., 2010). 

Knowledge on the effectiveness of the available treatments, i.e. IUI, IVF and ICSI for male 
subfertility with different grades of severity is limited. The role of IUI with or without COH in 
couples with mild male subfertility has been the subject of much debate. For the comparison 
IUI versus timed intercourse both in natural cycles no evidence of difference between 
the probabilities of pregnancy rates per woman was found (OR 5.3; 95% CI 0.42-67). No 
statistically significant difference between pregnancy rates per couple for IUI-COH versus IUI 
in natural cycle could be found (OR 1.5; 95% CI 0.92-2.4) (Bensdorp et al., 2007). In couples 
with moderate or severe male subfertility, i.e. a TMSC between 1 to 3 million, performing 
IUI before IVF, is not based on comparative studies. It also remains unclear at which TMSC 
ICSI becomes more effective than IVF (Rhemrev et al.,2001; Repping et al., 2002). As a 
consequence, ICSI is recommended when extreme male subfertility is present, TMSC below 
1 million, although epidemiologic data to support such cut offs are lacking. The few studies 
that compared IVF or ICSI in couples with male subfertility showed a higher incidence of 
fertilization failure in IVF compared to ICSI (Pisarska et al., 1999; Plachot et al., 2002; van 
der Westerlaken., 2006). A meta-analysis showed that the risk ratio for an oocyte to become 
fertilized was 1.9 (95% CI 1.4-2.5) in favour of ICSI, and 3.1 ICSI cycles may be needed to 
avoid one complete fertilization failure after conventional IVF (95% CI 1.7-12.4) (Tournaye 
et al., 2002). The probability of total fertilization failure is therefore crucial in the choice 
between IVF or ICSI treatment in couples presenting with male subfertility. Once there is 
fertilization, pregnancy rates between IVF and ICSI do not differ (Repping et al., 2002). 

Cost-effectiveness studies on interventions for male subfertility are scarce. A randomized 
controlled trial with a subset of 77 couples with mild male subfertility (TMSC between 1 and 
20 million), reported IUI to be more cost-effective compared to IUI-COH and IVF (Goverde et 
al., 2000). The costs per pregnancy resulting in at least one live birth were US$ 4,511-5,710 
for IUI and IUI-COH and US$ 14,679 for IVF. However, this study was performed 15 years 
ago, when IVF success rates were rather low, and the small subset of couples with mild 
male subfertility did not allow robust conclusions on this issue. A retrospective cohort study 
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evaluated 3,479 IUI cycles and 551 IVF cycles and evaluated their cost-effectiveness (van 
Voorhis et al., 2001). This study concluded that if the pre-wash TMSC was below 10 million, 
IVF/ICSI was more effective and less costly than IUI.  As further comparative studies on IUI, 
IVF and ICSI are lacking, we performed a computer-simulated cohort study on the subject. 
Our aim was to compare the cost and effectiveness of IUI, IVF and ICSI in subfertile women 
aged 30 with a partner with a pre-wash TMSC between 0 and 10 million.

Material and Methods
We constructed three Markov decision trees for couples presenting with male subfertility 
who finished their basic fertility work up. To evaluate the most cost-effective treatment 
we evaluated one cycle of IUI with controlled ovarian stimulation versus one cycle of IVF, 
one cycle of IUI in the natural cycle versus one cycle of IVF and one cycle of IVF versus one 
cycle of ICSI according to pre-wash TMSC.

A Markov model is a more complicated decision model used to analyse recurring events 
over time. Therefore, it is a useful tool for the evaluation of cost-effectiveness analyses 
in reproductive medicine, because in every cycle there is a new chance to conceive. 
Markov models can be used to compute the costs per live birth and the incremental cost-
effectiveness ratio (ICER). The ICER represents the extra costs per live birth between two 
scenarios. These costs are calculated by dividing the differences in costs by the differences 
in live births of two scenarios. Normal practice is to order strategies or scenarios from the 
least to the most effective. Dominated strategies are then eliminated and the ICERs are 
calculated for each strategy in comparison with its next best alternative.

Details of computer simulation model
Patient characteristics
Our base-case calculation was centred on a 30-year old woman with a regular menstrual 
cycle, normal Fallopian tubes and a partner with a pre-wash TMSC between 0 to 10 
million. We centred our calculation on a 30-year-old woman, since the majority of the 
studies regarding pregnancy probabilities according to pre-wash TMSC were based on 
couples where the female had a mean age near 30 (van Voorhis et al., 2001; Cohlen et al., 
1998; Dickey et al., 1999; Dorjpurev et al., 2011; Zhao et al., 2004; Campana et al., 1996). 

Models
We built three decision trees. In Model one, we compared one cycle of IUI-COH with one 
cycle of IVF. In Model two we compared one cycle of IUI in the natural cycle with one cycle 
of IVF. In Model three we compared one cycle of IVF with one cycle of IVF/ICSI. The used 
probabilities are presented in table 1. 

Live birth probabilities after IUI
We performed a systematic search for studies on pregnancy and live birth probabilities 
after IUI according to pre-wash TMSC in couples with male subfertility.  All studies except 
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for one randomized controlled trial, were retrospective (van Voorhis et al., 2001; Cohlen 
et al., 1998; Dickey et al., 1999; Dorjpurev et al., 2011; Zhao et al., 2004; Campana et al., 
1996; Merviel et al., 2010; Huang et al.,1996). Two studies were excluded since they only 
mentioned pregnancy probabilities but not the necessary number of cycles to achieve this 
(Merviel et al., 2010; Huang et al.,1996). Most studies showed pregnancy probabilities 
of IUI-COH with clomiphene citrate (CC) or follicle-stimulating hormone (FSH) (Voorhis 
et al., 2001; Cohlen et al., 1998; Dickey et al., 1999; Dorjpurev et al., 2011; Zhao et al., 
2004; Campana et al., 1996). We therefore combined the pregnancy probabilities after 
IUI with CC and FSH and calculated the pregnancy probabilities after IUI-COH according to 
pre-wash TMSC. We summed the total number of cycles and calculated the total number 
of achieved pregnancies per cycle. Intermediate numbers were computed with smoothing.

Pregnancy probabilities after IUI according to pre-wash TMSC in the natural cycle were 
scarce. The only randomized controlled trial concluded that, in couples with a pre-wash 
TMSC below 5 million, IUI in the natural cycle was more effective than IUI-COH (Cohlen et 
al., 1998). In these couples, pregnancy probabilities improved sevenfold (OR of 6.9 (95% CI 
0.7-70)), while in couples with a pre-wash TMSC between 5 to 10 million, there was no 
advantage of IUI-COH over IUI in the natural cycle. Because data on IUI in the natural 
cycle was scarce and the performed randomized controlled trial did not show a significant 
effect and if used would lead to unreliable results, we decided not to perform an analysis 
comparing IUI in the natural cycle to IVF.

Live birth probabilities after IVF and ICSI
We derived live birth probabilities for IVF/ICSI from a prospective cohort study performed 
between 2002 and 2004 (Lintsen et al., 2007). We used these live birth probabilities to compute 
live birth rate after IVF and ICSI. The only difference between the live birth rates and ongoing 
pregnancy rates is the risk of fertilization failure, which we assumed only occurs in IVF cycles.

Fertilization failure
We calculated the probability of fertilization failure according to pre-wash TMSC based 
upon a previously published prediction model (Repping et al., 2002).  

Cycle length
In our base case scenario the time frame was one cycle and thus our cycle length was set 
at one month. Since the duration of our base case analysis was one cycle, no discounting 
was applied. In sensitivity analysis we evaluated the effect of applying more cycles. 

Costs
The model was built from a health care perspective; therefore only direct medical costs 
were included. Costs per cycle were derived from the Dutch Umbrella study on fertility 
treatment (Merkus, 2006). The cost calculation was made according to the Dutch situation 
in the year 2012; hence costs were adjusted according to the consumer price index (CBS, 
Statistics Netherlands, 2013). (Table 1) 
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Table 1. Base case assumptions and distributions

IUI COH live  
birth per cycle

Pre Wash  
TMC *10^6

Probability Distribution Reference

Probability per cycle Distribution (Range) Reference

0 0% -

Dorjpurev et al, Zhao et al, 
Cohlen et al, Campana et al, 

Bradley et al, Dickey et al.

1 1,48% Normal (0,0074-0,0038)

2 2,96% Normal (0,0148-0,0444)

3 4,27% Normal (0,0213-0,0640)

4 5,58% Normal (0,0279-0,0836)

5 6,88% Normal (0,0344-0,1033)

6 8,19% Normal (0,0410-0,1229)

7 9,50% Normal (0,0275-0,1425)

8 9,73% Normal (0,0487-0,1460)

9 9,97% Normal (0,0498-0,1495)

>10 10,20% Normal (0,0510-0,1530)

IVF & ICSI live  
birth per cycle Cycle Probability per cycle Distribution (Range) Reference

1 0,277 Normal (0.14-0.42)

Lintsen et al.2 0,253 Normal (0.13-0.38)

3 0,219 Normal (0.11-0.33)

Fertilisation  
Failure

Pre Wash  
TMC *10^6 Probability per cycle Distribution (Range) Reference

0,01 21,2% -

Repping et al.

0,1 20,0% Normal (0,100-0,300)

0,5 15,2% Normal (0,076-0,228)

1 10,6% Normal (0,053-0,159)

2 4,9% Normal (0,025-0,074)

3 2,2% Normal (0,011-0,033)

4 1,0% Normal (0,005-0,015)

5 0,4% Normal (0,002-0,006)

6 0,2% Normal (0,001-0,003)

7 0,1% -

8 0,0% -

9 0,0% -

10 0,0% -

Costs* Distribution (Range) Reference

IVF  € 3 271 Normal (2271-4271) Umbrellastudy, Merkus

ICSI cycle  € 3 541 Normal ( 2541-4541) Bouwmans et al* Umbrellastudy

IUI natural cycle  € 416 Normal (289-543) Umbrellastudy

IUI stimulated cycle  € 595 Normal (413-777) Umbrellastudy

*Index year 2012
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We assumed that in this period no significant cost changes in the treatment protocol 
occurred except for inflation. The costs were €416 for one cycle IUI in the natural cycle 
and €595 for one cycle IUI-COH. In this study the average costs of IVF/ICSI was given, 
since in the Netherlands IVF and ICSI has a similar reimbursement from a health insurance 
perspective. Since our calculations were made from a health care perspective, we assumed 
the average cost of the IVF/ICSI cycle were the costs of one IVF cycle, namely €3,271. In 
another study the distinction between IVF and ICSI costs, was made, we used the ratio 
between the IVF and ICSI cycle to calculate the costs of one ICSI cycle, resulting in a cost 
per ICSI cycle of €3,541 (Bouwmans et al., 2008).

Outcomes
Live birth probabilities were determined for each scenario, as were the estimated costs. Live 
birth probabilities were defined as ongoing pregnancies resulting in a live birth of at least one 
child. There was no distinction between singleton or multiple gestations. Using these values, 
we computed the costs per live birth and the incremental cost-effectiveness ratio (ICER).

Sensitivity analysis
To address the uncertainty regarding our assumptions we carried out one-way and 
probabilistic (Monte Carlo simulations) sensitivity analyses. In one-way sensitivity analysis 
we varied variables independently. A threshold analysis was performed to determine if 
and when a variable changed the threshold value. This represents the value of a variable 
above which another treatment is preferred. In probabilistic sensitivity analysis the 
uncertainty of each parameter is quantified in terms of a probability distribution of this 
parameter. For this analysis distributions were fitted for all parameters in the model. As 
we were not able to fit beta-distributions for probabilities, normal distributions were 
fitted. The normal distributions were calculated according to the confidence interval from 
the study or by the plausible range provided by expert opinion (Briggs et al., 2006). For 
the probabilistic sensitivity analysis, 5,000 iterations of 5,000 women were performed. 

In our model we evaluated one cycle, in sensitivity analysis we evaluated the effect 
of comparing more cycles. We compared six cycles of IUI to three cycles of IVF, since it is 
common practice to apply six cycles of IUI and three cycles of IVF, if treatment with IUI or IVF 
is instigated. We also evaluated the effect of three cycles of IVF versus three cycles of ICSI.

Estimates for the base-case analysis and ranges for sensitivity analyses are summarised 
in Table 1 and were derived from peer reviewed literature, as referenced. We performed 
our analysis by using a computer-generated Markov model (TreeAge Pro 2009, Tree Age 
Inc, Williamstown, MA, USA). We did not need IRB approval for this research.

Results
Model one cycle IUI-COH compared to one cycle IVF
Live birth rate after IUI-COH varied from 0% with a pre-wash TMSC of 0.1 million to 10.2% 
with a pre-wash TMSC of 10 million. Live birth rate after IVF varied from 21.8% with a 
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pre-wash TMSC of 0.1 million to 27.7% with a pre-wash TMSC of 10 million. Cost per live 
birth for an IUI cycle varied from €40,203 for a pre-wash TMSC of 1 million to €5,833 for 
a pre-wash TMSC of 10 million. Cost per live birth varied for an IVF cycle from €14,986 
for a pre-wash TMSC of 0.1 million to €11,811 for a pre-wash TMSC of 10 million. IUI-COH 
had a lower cost per live birth compared to IVF if the pre-wash TMSC was above 3 million 
(Figure 1). The extra costs per live birth (ICER) varied from €12,260 for a pre-wash TMSC of 
0.1 million to €15,296 for a pre-wash TMSC of 10 million, therefore IVF was always more 
effective and also more expensive (Figure 2).

Model one cycle IVF compared to one cycle ICSI
Live birth rate after ICSI was stable with 27.7% after one cycle ICSI. Live birth rate after IVF 
varied from 21.8% with a pre-wash TMSC of 0.1 million to 27.7% with a pre-wash TMSC 
of 10 million. Cost per live birth varied for an IVF cycle from €14,986 for a pre-wash TMSC 
of 0.1 million to €11,811 for a pre-wash TMSC of 10 million. Cost per live birth for an ICSI 
cycle irrespective of pre-wash TMSC was €12,783. ICSI had a lower cost per live birth 
compared to IVF if the pre-wash TMSC was < 3 million, from 3 million IVF had a lower 
cost per live birth (Figure 1). The extra costs per live birth (ICER) varied from €4,598 for a 
pre-wash TMSC of 0.1 million to €4,873,646 for a pre-wash TMSC of 10 million, therefore 
ICSI was more expensive but also more effective. (Figure 2)

Sensitivity analysis
Model one cycle IUI-COH compared to one cycle IVF
In one-way sensitivity analysis we varied the probability of fertilization failure. If at a 
pre-wash TMSC of 10 million the probability of fertilization failure is above 63.2% IUI 
becomes more effective than IVF and therefore the dominant treatment. Since IUI is also 
cheaper. Below a fertilization failure of 63.2% the choice of treatment is dependable on 
the willingness to pay (WTP). And with a pre-wash TMSC of 1 million the probability of 
fertilization failure should be above 93.7% before IUI becomes more effective. 

We also varied the probability of live birth after IUI-COH. If the probability of live birth 
at a pre-wash TMSC of 10 million was above 14.4% the extra cost per live birth for IVF 
would come above €20,000 per extra live birth. And if the probability of live birth was 
above 24,4% extra costs per live birth are above €80,000. And if the probability of live 
birth at a pre-wash TMSC of 1 million was above 10.2% the extra cost per live birth for 
IVF would come above €20,000 per extra live birth. And if the probability of live birth was 
above 20,2% extra costs per live birth are above €80,000.

Probabilistic sensitivity analysis showed that IVF was always more effective and also 
more costly for all ranges. ICER for a pre-wash TMSC of 0.1 million was €13,207 (95% CI 
€6,441 - €25,994) and was €65,535 (95% CI €6,422 - €71,842) for a pre-wash TMSC of 10 
million. Which treatment is cost-effective, depends on the willingness to pay. 

Model one cycle IVF compared to one cycle ICSI
In one-way sensitivity analysis we varied the probability of fertilization failure. We found 
no threshold. If the probability of fertilization failure was above 1.2% the extra cost per 
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live birth for ICSI would be below €80,000 per extra live birth. And if the probability of 
fertilization failure was above 5% extra costs per live birth is below €20,000.

In probabilistic sensitivity analysis we found that ICSI was always more effective 
according to the 95% confidence interval until a pre-wash TMSC of 6 million and could 
be more or less expensive than IVF. Therefore, ICSI was the dominant strategy or cost-
effectiveness was dependable on the WTP per extra live birth.

Figure 1. Cost per live birth

Figure 2. Incremental cost-effectivenss ratio’s
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Model six cycles IUI-COH compared to three cycles IVF
Live birth rate after six cycles of IUI-COH varied from 0% with a pre-wash TMSC of 0.1 
million to 47.6% with a pre-wash TMSC of 10 million. Live birth rate after three cycles 
of IVF varied from 48,2% with a pre-wash TMSC of 0.1 million to 57.8% with a pre-wash 
TMSC of 10 million. Total costs varied from €3,570 to €2,774 for IUI-COH and from €7,875 
to €7,403 for IVF. Cost per live birth after six cycles of IUI-COH varied from €40,203 for a 
pre-wash TMSC of 1 million to €5,833 for a pre-wash TMSC of 10 million.  Cost per live 
birth varied for an IVF cycle from €16,334 for a pre-wash TMSC of 0.1 million to €12,805 
for a pre-wash TMSC of 10 million. IUI-COH had a lower cost per live birth compared to IVF 
if the pre-wash TMSC was above 3 million. The extra cost per live birth (ICER) varied from 
€8,930 for a pre-wash TMSC of 0.1 million to €45,154 for a pre-wash TMSC of 10 million, 
IVF was always more effective and also more expensive.

Model three cycles IVF compared to three cycles ICSI
Live birth rate after three cycles of ICSI was stable with 57.8%. Live birth rate after IVF 
varied from 48.2% with a pre-wash TMSC of 0.1 million to 57.8% with a pre-wash TMSC of 
10 million. Total cost varied between €7,878 to €7,403 for three cycles of IVF and €8,014 
for three cycles of ICSI. Cost per live birth varied for three cycles of IVF cycle from €16,362 
for a pre-wash TMSC of 0.1 million to €12,805 for a pre-wash TMSC of 10 million. Cost 
per live birth for an ICSI cycle irrespective of pre-wash TMSC was €13,860. ICSI had a 
lower cost per live birth compared to IVF if the pre-wash TMSC was below 3 million, from 
3 million IVF had a lower cost per live birth. The extra cost per live birth (ICER) varied 
from €1,400 for a pre-wash TMSC of 0.1 million to €7,221,382 for a pre-wash TMSC of 10 
million, ICSI was always more expensive but also more effective.

We’ve also tested the probability of fertilization failure. If the probability of fertilization 
failure is more than 27,3% per cycle, three cycles of ICSI is less expensive and more 
effective than three cycles of IVF, IVF is dominated.

Discussion
In this decision analysis, we found that in couples with a pre-wash TMSC above 3 million, the 
cost per live birth were lower for IUI-COH compared to IVF.  Below a pre-wash TMSC of 3 million 
ICSI had a lower cost per live birth. IVF was always more expensive and effective than IUI-COH 
and ICSI was always more expensive and effective than IVF. Whether IVF is considered cost-
effective over IUI-COH and ICSI over IVF depends on the WTP per extra live birth.  Unfortunately 
it is unknown what the payer (health provider or couple) is prepared to pay for an extra live 
birth. Changing the variables, within plausible ranges, did not alter our conclusions.

Since in current practice more cycles are given to a couple, we also explored the effect 
on the cost-effectiveness when comparing more cycles. If six cycles of IUI-COH were 
applied and three cycles of IVF, our conclusions remained the same. If the pre-wash TMSC 
was above three million, IUI-COH had a lower cost per live birth compared to IVF and IVF 
was always more effective and expensive. Therefore application of IVF over IUI-COH is 
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dependable on the WTP. Also our conclusions remained the same if three cycles of IVF 
were compared to three cycles of ICSI.

Our findings were similar to another cost-effectiveness study on this topic, only we 
found that below a pre-wash TMSC of 3 million, IVF had a lower cost per live birth (Goverde 
et al., 2000). This small randomized controlled trial also reported that IUI had a lower cost 
per live birth in couples with a pre-wash TMSC between 1 to 20 million, only no cut-off 
values were studied (Goverde et al., 2000). Another study on this topic concluded that if 
the pre-wash TMSC was below 10 million, IVF/ICSI was more effective and less costly than 
IUI (van Voorhis et al., 2001). This is in contrast with our findings. We found that IVF or ICSI 
was always more effective and more costly. 

Our study has some limitations. First, although empirical data and true healthcare 
costs were used as input parameters for the model, data on live birth according to 
pre-wash TMSC were limited.  For example, due to unreliable data we were not able to 
perform analysis compering IUI in the natural cycle to IVF.

Second, ideally, we also should have compared IUI to timed intercourse. However, the 
only model available for the prediction of natural conception is not applicable in couples 
with male subfertility (Hunault et al., 2004).

Third, we considered pregnancy probabilities were equal to the live birth probabilities, 
since data on miscarriage rates were lacking. Possibly, the live birth probabilities are a bit 
lower than estimated.

Fourth, to compute live birth rates after IVF and ICSI we derived live birth probabilities for 
IVF/ICSI from a prospective cohort study performed between 2002 and 2004 (Lintsen et al., 
2007). The only difference between the live birth rates and ongoing pregnancy rates was the 
risk of fertilization failure, which we assumed only occurs in IVF cycles. The risk of fertilization 
failure was based on a previously published prediction model (Repping et al., 2002) that has 
not been validated externally. A sensitivity analysis on the risk of fertilization failure showed 
that irrespective of the risk of fertilization failure, ICSI was always more effective and more 
costly. The risk of fertilization failure only had an influence on the extra cost per live birth. 

Fifth, our base-case calculation was centred on 30 year old women. We were unable to 
specify the model by different groups of age due to lack of evidence. Since the majority of the 
studies regarding pregnancy probabilities according to pre-wash TMSC have a mean female 
age around 30, this model is applicable to this population (Voorhis et al., 2001; Cohlen et al., 
1998; Dickey et al., 1999; Dorjpurev et al., 2011; Zhao et al., 2004; Campana et al., 1996).

Sixth, in reproductive medicine the WTP for an extra live birth is unknown. Therefore 
it is very difficult to make a clear statement whether IUI, IVF or ICSI is considered cost-
effective, since it is highly dependable on the WTP.

A strength of this study is that this is the first study that used a model to explore the 
cost-effectiveness in couples with male subfertility. Although we searched extensively for 
data on the subject, we have to conclude that high level evidence is scarce.  Consequently, 
out model-based approach is at present the most optimal approach on this subject. 
Our outcomes define important knowledge gaps and a large randomized controlled 
trial is needed to support these calculations. In the Netherlands a large randomized 
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controlled trial, the MASTER trial, is started and will validate the indications for expectant 
management, IUI, IVF and ICSI in couples with male subfertility by taking the cost-
effectiveness of these treatments into account. (NTR3820,NTR3822,NTR3823)

Furthermore, in this study, we made great effort to be transparent in our reporting, 
which should allow researchers and decision-makers to judge the applicability of this work 
to their own setting.

In conclusion, in this study we were able to compare IUI, IVF and ICSI in couples with male 
subfertility. The choice of IVF over IUI and ICSI over IVF depends on the willingness to pay for 
extra live birth. However, above a pre-wash TMSC of three million costs per live birth are lower 
for IUI and below a pre-wash TMSC of three million costs per live birth are lower for ICSI. 
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Chapter 8

Abstract
Background Single embryo transfer (SET) is now widely accepted in women with a 
good prognosis as an effective procedure to reduce multiple pregnancies in IVF without 
compromising pregnancy chances. In women with an intermediate or poor prognosis, 
generally women of advanced age, it is less clear how many embryos should be transferred. 
We evaluated the cost-effectiveness of single embryo transfer as compared to double 
embryo transfer in relation to female age.

Methods We used a decision tree model to evaluate the costs from a healthcare provider 
perspective and the pregnancy rates of two embryo transfer policies: single embryo 
transfer with one frozen-thawed embryo transfer (strategy I) and double embryo transfer 
(strategy II). The analysis was performed on an intention-to-treat basis. Sensitivity 
analyses were carried out to evaluate the robustness of our model and to identify which 
model parameters had the strongest impact on the results.

Results SET with one frozen-thawed embryo transfer was dominant over DET in women under 
32 years. In women aged 32 or older DET was more effective than SET but also more costly. 

Conclusion SET should be the preferred strategy in women under 32 undergoing IVF. 
The choice for SET or DET in women aged 32 or older depends on individual patient 
preferences and on how much society is willing to pay for an extra child. There is a strong 
need for a randomized clinical trial comparing the cost and effects of SET and DET in the 
latter category of women.
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Introduction
Since the aim of in vitro fertilization (IVF) is achieving a live birth, clinical decision making in 
IVF is focused on maximizing a woman’s chances of becoming pregnant. In the 20th century, 
the most common approach to increase the likelihood of pregnancy in IVF was to transfer 
multiple embryos (Schieve et al., 1999). This approach indeed resulted in high pregnancy rates 
but also increased the risk of multiple pregnancies. In 2006 in Europe, 20.8% of all pregnancies 
after IVF was a multiple pregnancy (de Mouzon et al., 2010). This high multiple pregnancy 
rate caused concern, since multiple pregnancies are associated with increased maternal and 
perinatal morbidity and mortality, as well as increased costs (ESHRE, 2000; Bergh, 2005). A 
logical solution to this recent epidemic of twins was to transfer only a single embryo.

The first randomized trial to compare elective single embryo transfer (eSET, ie the 
transfer of a single embryo when it is of top-quality and the transfer of two embryos 
if embryo quality is poor) and double embryo transfer (DET) was performed in 1999 in 
women under 34 undergoing their first IVF/ICSI cycle (Gerris et al., 1999). Since then, two 
systematic reviews and meta-analyses of randomized trials have been performed, based 
on aggregated data and individual patient data on eSET versus double embryo transfer 
(DET) in women with a good prognosis, i.e. women younger than 36 years with at least 
two good quality embryos. These meta- analyses showed that, although eSET significantly 
reduced the odds of multiple pregnancies, it also halved the odds of a live birth per fresh 
cycle. Subsequent transfer of a single frozen thawed embryo was shown to result in 
comparable cumulative live birth rates to those after DET (Pandian et al., 2009; McLernon 
et al., 2010). These meta-analyses did not address the issue of the best transfer policy in 
women with an intermediate or poor prognosis undergoing IVF who constitute a large 
proportion of the current IVF population.

Despite the lack of evidence there is a strong trend towards implementing SET in 
women with an intermediate or poor prognosis, i.e. women over 35 without two good 
quality embryos or with one or more failed IVF cycles, to decrease the high health care 
costs associated with multiple pregnancies.  Before such a strategy is implemented, it is 
essential to know whether SET is cost-effective relative to DET in these women based on 
the best available evidence.  We therefore evaluated the cost-effectiveness of SET and DET 
by decision analysis in subgroups defined by female age.

Material and Methods
Decision tree model
Decision modelling allows clinicians to compare the effects of alternative management 
strategies in the absence of clinical trials (Sonnenberg et al., 1993;Drummond et al., 1996). 

We used a decision tree model to evaluate the costs and effects of two embryo transfer 
strategies. The embryo transfer strategies were based on the design of the largest elective 
single embryo transfer trial (Thurin et al., 2004). The strategies were: single embryo 
transfer (SET) with one frozen-thawed embryo transfer (frSET) versus double embryo 
transfer (DET). A decision tree was built, depicted in Figure 1, and starting with a decision 
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Figure 1. Decision tree

node to the left, and branching out to the two transfer strategies. In the SET strategy 
one embryo is transferred if one or more embryos are available and one frozen-thawed 
embryo is transferred if women did not conceive after the fresh transfer. In the DET 
strategy two embryos are transferred, if two or more embryos are available for transfer. If 
only one embryo is available a single embryo transfer is performed. The main outcome in 
our analyses was the birth of at least one live-born child.

Data sources
Probabilities
The probabilities that were used as input for the decision tree model were based on 
cohort data from women undergoing IVF/ICSI between 2001 and 2011 at the Center for 
Reproductive Medicine at the Academic Medical Center, University of Amsterdam. Baseline 
characteristics of the cohort are presented in Table I. The probabilities were calculated 
with a logistic regression model with ongoing pregnancy as the outcome variable and age 
as the only predictor. The calculated probabilities were capped at age 30; all calculated 
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probabilities in women younger than 30 were set at the same probability as women aged 
30. All probabilities are presented in the Supplementary Table I.

Costs
We included as direct medical costs the costs of ovarian hyperstimulation, oocyte 
retrieval, laboratory costs, embryo transfer, costs of transfer of frozen/thawed embryos, 
cost of singleton live birth and twin live birth until 6 weeks after birth. These costs were 
adjusted, if necessary, to reflect 2010 prizes using to the consumer price index (CBS, 
Statistics Netherlands, 2010). The included costs and references are presented in the 
Supplementary Table I. All costs were based on data from the Netherlands. 

Cost-effectiveness analysis
The cost-effectiveness analysis was performed from a health care provider perspective and 
included all direct medical costs. The analysis was performed as an intention-to-treat basis, 
since this approximates the point of view of the patient and is independent of the availability 
of at least two embryos.  Outcomes were the total costs and the effectiveness of both 
strategies expressed as the probability of birth of at least one child. From these costs and 
birth rates incremental cost-effectiveness ratios (ICERs) were calculated. In these analyses the 
reference strategy was SET with one frSET. We estimated the ICER by dividing the difference 
in costs between the DET strategy and the SET with one frSET strategy (reference strategy) by 
the difference in birth rates between both strategies. The ICER then expresses the additional 
costs per at least one extra  live birth; the lower the ICER, the more cost-effective the strategy. 

Table 1. Baseline characteristics cohort

% of cycles

Number of patients 3390

Number of IVF cycles 809

Number of ongoing pregnancies 1369 20%

Female age (years) 36 (19-45)

Cause of infertility

Tubal disease 1318 19%

Male 3067 45%

Unexplained 1898 28%

Endometriosis 219 3%

Cervical hostility 158 2%

Others 650 10%

Type of fertilization

IVF 3712 55%

ICSI 3097 45%
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Sensitivity analysis 
Two sensitivity analyses were performed.  In the first sensitivity analysis we included the 
costs for singleton and twin live births up to the age of 5. The second was a series of one-way 
sensitivity analyses to evaluate the robustness of the model against plausible changes in key 
parameters. Statistical analysis was done in SPSS version 18 (SPSS Inc., Chicago, IL, USA); the 
cost-effectiveness model was built in TreeAge Pro 2009 (Tree Age Inc, Williamstown, MA, 
USA). According to Dutch law, no medical ethics approval for this research was needed.

Alternative scenario 
We evaluated two alternative scenarios. In the first scenario we evaluated both strategies on a 
per protocol analysis, i.e. women in whom at least two embryos were available. In the second 
alternative scenario we evaluated SET with several frSET compared to DET with several frozen-
thawed double embryo transfers (frDET). For this analysis we extended the model given in 
Figure 1 with the appropriate number of frozen-thawed embryo transfers. In case of no live 
birth the woman underwent a new frozen embryo transfer, until no embryos were available. 
E.g. in case of 4 embryo’s in the SET strategy, 1 fresh transfer and 3 frozen embryo transfers 
were given and in the DET strategy, 1 fresh DET transfer and 1 frozen DET transfer. Because 
after each failed frozen embryo transfer chances of pregnancy decline, we incorporated a 
decline of 10% in each new frozen embryo cycle. (see Supplementary table 1).

Results
Pregnancy rates, costs and incremental cost-effectiveness ratios
Pregnancy rates, total costs per strategy and per pregnancy, and incremental cost-
effectiveness ratios for female age are presented in Table II. In women under 32, the SET 
with one frozen-thawed single embryo transfer (frSET) strategy was dominant, as it was 
more effective and less costly than the DET strategy. From the age of 32 onwards DET 
was more effective but also more costly than SET+frSET (Table II and Fig 2). The ICER for 
women aged 32 was €50,348. The ICER decreased rapidly with increasing female, resulting 
in an ICER of €54 at the age of 43.

Sensitivity analyses  
In the first sensitivity analysis we included the costs for singleton and twin live births up 
to the age of 5. The results were similar to the primary analysis; up to the age of 32 SET 
+ frSET was more effective and less costly than the DET strategy, and from the age of 33 
onwards DET strategy was more effective but also more costly than SET + frSET (Suppl 
Table II). The second sensitivity analysis was a one-way sensitivity analysis. The probability 
of a live birth after SET and DET had considerable influence on the model, especially for 
the age categories ≤ 30 to 34 years and 40 to 43 years. For these age categories an increase 
or decrease of less than 20% of the baseline assumption would alter the conclusions.
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Alternative scenario
In the first alternative scenario we evaluated the cost and effects for SET + frSET and DET if 
at least two embryos were available, i.e.  a per protocol analysis. Up to the age of 32, SET 
was more effective and less costly than the DET strategy, and from the age of 33 onwards 
DET strategy was more effective but also more costly than SET.

In the second scenario we evaluated SET with several frSET to DET with several frDET 
(Fig 3). For women aged 30 SET remained more effective and less costly than the DET 
strategy till the transfer of maximum 7 embryos (one fresh SET and six frSET cycles). When 
transferring 8 embryos a DET strategy (one fresh DET and three frDET cycles) was more 
effective but also more costly than SET + frSET (Fig 3). For women aged 31 the threshold 
on which DET was more effective but also more costly than SET was 4 embryos (Fig 3). 
For women of 37 DET was dominant at a threshold of 8 embryos, i.e. one fresh DET and 
three or more frDET cycles were more effective and less costly compared to one fresh SET 
and seven or more frSET cycles. Up to 7 embryos at the age of 37 DET strategy was more 
effective but also more costly than SET strategy (Fig 3).

Discussion
In the early days of IVF it was generally accepted that a high proportion of iatrogenic twins 
was the price to be paid for a reasonable success rate of a treatment that is physically and 
emotionally demanding and expensive (Gerris, 2005). Although many twins are delivered 
healthy and advances in neonatal medicine have deceased mortality and morbidity of 
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Figure 3. Cost-effectiveness after the transfer of fresh and several frozen-thawed embryos

premature babies from multiple pregnancy, these complications still remain a major 
problem (Gerris, 2005). A healthy baby is a success, two healthy babies delivered at 
the same time are a double success, but not all twins are successes (Gerris, 2005). It is 
therefore essential in current IVF practice to reduce the number of multiple pregnancies 
further while maintaining reasonable pregnancy rates. 

The European Society of Human Reproduction and Embryology (ESHRE) published a 
position paper on Good Clinical Treatment in Assisted Reproduction stating that a decline in 
the number of multiple births can only be achieved with by reducing the number of embryos 
transferred. Single embryo transfer in selected groups of women was advocated as the only 
effective means of lowering the rate of twin pregnancies (ESHRE, 2008). This advice is probably 
sound, but as almost all SET trials have been performed in women younger than 36, the 
position paper leaves open the important issue in what age groups is SET (cost) effective.

In this study we evaluated the costs and effectiveness of single embryo transfer with 
one frozen-thawed single embryo transfer compared to double embryo transfer, looking 
at different female age groups. Our study showed that single embryo transfer with one 
frozen-thawed embryo transfer is cost-effective in women up to 32 years compared to 
DET. In women of 33 or older double embryo transfer is more effective than SET but also 
more costly. Whether single or double embryo transfer should be performed in women of 
33 years or older depends on how much society is willing to pay for an extra child.

This study included age into 14 categories, i.e. all calculated probabilities in women younger 
than 30 were set at the same probability as women aged 30 and the calculated probabilities 
in women over 30 were set as a continuous variable. Two previous cost-effectiveness 
studies modelled the impact of female age; they categorized female age into five and three 
categories,respectively (Little et al., 2006;Dixon et al., 2008). Another study modelled different 
IVF transfers strategies, but did not take female age into account as a continues variable. 
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(Fiddelers et al, 2009) The mean age of the women on which the probabilities were based 
in this model were 32 and 34 years, this study concluded that either 3 cycles of eSET or, 
eSET in women under 38 and DET in the remainder of the patients or DET was cost-effective 
dependable on the willingness to pay. This result are difficult to compare to our study since 
we used age as a continues variable. A randomized controlled trial comparing SET with DET 
showed DET was more effective but also more costly. (Fiddelers et al., 2006) The mean age of 
the women in this RCT was 32. Our results are comparable, since in our analysis at the age of 
32 DET was also more effective and more costly than the DET strategy.

The costs used in our model were based on a recent publication on costs of IVF 
(Merkus, 2006). By including an  alternative scenario with multiple frozen-thawed embryo 
transfers and by evaluating longer term costs in our sensitivity analysis we tried to mimic 
a real clinical setting as optimal as possible. 

Our study is not without limitations. All model parameters were based on cohort data, 
not on data from randomized clinical trials. One of the drawbacks of using cohort data is 
the possibility of selection bias. The probabilities in our model may deviate from the actual 
and local IVF success rates. Since trials comparing single embryo transfer with frozen and 
thawed single embryo transfers versus double embryo transfers have not been performed in 
women between 36 and 43 years, cohort data currently provide the best available evidence. 

The one-way sensitivity analysis showed that pregnancy rates for SET or DET in women 
younger than 35 was influential in the model. As the additional costs forat least one extra 
child with DET strategy in the women aged between 32 and 34 is at least €11,555 and the 
sensitivity analysis showed that in women younger than 35 the model was less robust, one 
could prefer SET as optimal strategy. In women aged 40 or older, the maximum additional 
cost for at least one  extra child with DET were €1,739 and the sensitivity analysis showed 
that in women aged 40 or older the model was less robust, so DET could be the preferred 
strategy for women of 40 years or older

The number of SET transfers in our dataset was limited in women of 40 years or older; 
for this reason we calculated the pregnancy chances by a logistic regression model. This 
could lead to an over- or underestimation of pregnancy chances in women of 40 years or 
older undergoing SET. The one-way sensitivity analyses showed that despite higher or lower 
pregnancy chances after SET at the age of 40, DET remained the most effective and most costly 
strategy and our conclusions would not change. The live-birth probabilities used in our model 
were based on ongoing pregnancy probabilities. The probability that an ongoing pregnancy 
does not end in a live birth is 1% to 2% (Regan et al, 2000). As this would have little influence 
on the outcome, we considered ongoing pregnancy as representative for live birth.

We found that the choice of embryo transfer strategy has a profound impact on 
costs, effectiveness and adverse outcomes associated with treatment. Cost-effectiveness 
was dependent on female age and how much society is willing to pay for an extra child. 
Obviously, our data need confirmation by a large randomized clinical trial to evaluate 
which transfer policy is really (cost) effective. 

In 2003 Belgium and Sweden passed legislation restricting the number of embryos 
to be transferred to one, even before the results of the largest eSET trial in women with a 
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good prognosis were available and before any cost-effectiveness study in women with an 
intermediate or poor prognosis. As the aim of restricting the number of embryos is mainly to 
reduce the high medical and social costs associated with multiple pregnancy, it is quite peculiar 
that any evidence of (cost)-effectiveness underpinning this legislature was lacking at that time. 

As increasing female age is associated with a decline in fertility and thus lower chances 
of success with IVF, the delay required by for instance multiple frozen-thawed single embryo 
transfers may result in additional loss of fertility potential (van Loendersloot et al., 2010). 
In young women with a good prognosis who have the highest chance of a twin pregnancy, 
this delay may not be clinically relevant. Yet for older women this is a relevant concern, 
especially in couples that desire more than one child. As the delay required by multiple 
frozen cycles may result in additional loss of fertility potential and therefore lower their 
chances of success with IVF even further. A recent published large prospective cohort study 
on the effect of age on the numbers of embryos to transfer, showed again that the live 
birth rate was notably lower in older women than in younger women, irrespective of the 
number of embryos transferred. In both age-groups the transfer of two embryos led to 
better live birth rate than did transfer of one embryo and the transfer of two embryos was 
less likely to result in preterm birth or low birth weight in older than in younger women. 
The authors recommend that greater freedom should be given to clinicians and patients to 
decide whether to transfer one or two embryos, according to prognostic indicators, such 
as maternal age, instead of a universal single embryo transfer policy (Lawlor et al., 2012). 

Our study shows that for younger women the transfer policy should be SET, but the transfer 
policy in women of 32 years or older should depend on the outcome of a discussion on how 
much society is willing to pay but also on individual patient preferences. As far as we know, this 
discussion has not yet taken place. We feel the time for such a discussion has come.
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Supplementary table 1. Base case probabilities and costs

IIa. Probability of an ongoing pregnancy or twin pregnancy after a fresh single embryo transfer

Age
Ongoing Pregnancy  

Probability/cycle
Twin Pregnancy  

Probability/cycle

≤ 30 32,1% 1,0%

31 27,9% 1,0%

32 24,1% 1,0%

33 20,6% 1,0%

34 17,6% 1,0%

35 14,9% 1,0%

36 12,5% 1,0%

37 10,5% 1,0%

38 8,8% 1,0%

39 7,3% 1,0%

40 6,1% 1,0%

41 5,0% 1,0%

42 4,2% 1,0%

43 3,5% 1,0%

IIb. Probability of an ongoing pregnancy or twin pregnancy after a frozen and thawed single embryo transfer

Age
Ongoing Pregnancy 

Probability/cycle
Twin Pregnancy

 Probability/cycle

≤ 30 7,4% 1,0%

31 6,6% 1,0%

32 5,9% 1,0%

33 5,3% 1,0%

34 4,8% 1,0%

35 4,3% 1,0%

36 3,8% 1,0%

37 3,4% 1,0%

38 3,0% 1,0%

39 2,7% 1,0%

40 2,4% 1,0%

41 2,2% 1,0%

42 1,9% 1,0%

43 1,7% 1,0%
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Supplementary table 1. Continued

IIc. Probability of an ongoing pregnancy or twin pregnancy after a fresh double embryo transfer

Age
Ongoing Pregnancy 

Probability/cycle
Twin Pregnancy  

Probability/cycle

≤ 30 34,2% 29,7%

31 32,0% 28,0%

32 29,9% 26,3%

33 27,9% 24,7%

34 25,9% 23,1%

35 24,1% 21,6%

36 22,3% 20,2%

37 20,6% 18,9%

38 19,1% 17,6%

39 17,6% 16,4%

40 16,2% 15,2%

41 14,9% 14,2%

42 13,7% 13,2%

43 12,6% 12,2%

IId. Probability of an ongoing pregnancy or twin pregnancy after a frozen and thawed double embryo transfer

Age
Ongoing Pregnancy

Probability/cycle
Twin Pregnancy

Probability/cycle

≤ 30 7,4% 1,0%

31 6,6% 1,0%

32 5,9% 1,0%

33 5,3% 1,0%

34 4,8% 1,0%

35 4,3% 1,0%

36 3,8% 1,0%

37 3,4% 1,0%

38 3,0% 1,0%

39 2,7% 1,0%

40 2,4% 1,0%

41 2,2% 1,0%

42 1,9% 1,0%

43 1,7% 1,0%
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Supplementary table 1. Continued

IIe. Probability that only one embryo is available for transfer

Age Probability/cycle

≤ 30 5,8%

31 6,1%

32 6,4%

33 6,7%

34 7,1%

35 7,5%

36 7,8%

37 8,3%

38 8,7%

39 9,1%

40 10,1%

41 10,1%

42 10,2%

43 10,3%

IIf. Decline in ongoing pregnancy rate in the subsequent cycle

Decline -10%

IIg.Costs used as input variables for decision model

Costs per IVF cycle € 3 119 Merkus et al., 2006

Costs for frozen-thawed embryo transfer € 410 Institutional costs

Costs for singleton live birth till 6 weeks € 2 891 Lukassen et al., 2004

Costs for twin live birth till 6 weeks € 15 276 Lukassen et al., 2004

Costs for singleton live birth till 6 weeks € 1 380 Henderson et al, 2004

Costs for twin live birth till 5 years € 3 728 Henderson et al, 2004
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Chapter 9

Abstract
Background The average age of women bearing their first child has increased strongly. 
This is an important reproductive health problem as fertility declines with increasing 
female age. Unfortunately, IVF using fresh oocytes cannot compensate for this age-related 
fertility decline. Oocyte freezing could be a solution.

Methods We used the Markov model to estimate the cost-effectiveness of three strategies for 
35-year-old women who want to postpone pregnancy till the age of 40: Strategy 1: women 
undergo three cycles of ovarian hyperstimulation at age 35 for oocyte freezing, then at 
age 40, use these frozen oocytes for IVF; Strategy 2: women at age 40 attempt to conceive 
without treatment; and the reference strategy: women at age 40 attempt to conceive and, 
if not pregnant after 1 year, undergo IVF. Sensitivity analyses were carried out to investigate 
assumptions of the model and to identify which model inputs had most impact on the results.

Results Oocyte freezing (Strategy 1) resulted in a live birth rate of 84.5% at an average 
cost of €10,419. Natural conception (Strategy 2) resulted in a live birth rate of 52.3% at an 
average cost of €310 per birth. IVF (the reference strategy) resulted in a cumulative live 
birth rate of 64.6% at an average cost of €7,798. The cost per additional live birth for the 
oocyte freezing strategy was €13,156 compared to the IVF strategy. If at least 61% of the 
women return to collect their oocytes, and if there is a willingness to pay €19,560 extra 
per additional live birth, the oocyte freezing strategy is the most cost-effective strategy.

Conclusion Oocyte freezing is more cost effective compared to IVF, if at least 61% of 
the women return to collect their oocytes and if one is willing to pay €19,560 extra per 
additional live birth. Our Markov model shows that, considering all the used assumptions, 
oocyte freezing provides more value for money than IVF.
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Expanding Reproductive Lifespan

Introduction 
In the past decades, the average age of women bearing their first child has increased 
strongly (UNECE, 2007). This is an important reproductive health problem, as women 
steadily lose their oocytes from birth to menopause, with an accelerated loss of oocyte 
quantity and quality from the age of 35 (Baird et al., 2005). As a consequence, female 
fertility potential declines rapidly thereafter (van Noord-Zaadstra et al.,1991; Leridon, 
2004), resulting in an increase in involuntary childlessness.

This risk of involuntary childlessness increases from 2 to 3% for women younger than 30 
years, to 36% for women of 40 years or older (te Velde et al., 2008; Steenhof and de Jong, 2009).

Today, IVF is increasingly applied to women of ‘advanced female age’, i.e. women of 
40 years or older. Apart from the costs, the paradox is that this very indication is also the 
very reason for the low IVF success rates. Some might even consider it unethical to offer 
treatment at all, since no other branch of medicine permits an elective operation with a 
chance of success of ,5% (Lockwood, 2009). Yet, in the UK, 19.4% of all IVF cycles performed 
in 2008 were in women over the age of 40, with a total of 9085 cycles (HFEA, 2009).

Given the recent successes in oocyte freezing (Yoon et al., 2003; Kuwayama et al., 
2005; Antinori et al., 2007; Chian et al., 2009; Noyes et al., 2009; Rienzi et al., 2010), 
fertility preservation for women is now possible. For women with cancer and needing 
chemotherapy, fertility preservation is already an accepted intervention (ESHRE, 2004; 
SART et al., 2008), but oocyte freezing could also help women who want to extend their 
natural reproductive lifespan (Dondorp and De Wert, 2009; Homburg et al., 2009).

To obtain oocytes for freezing, these healthy women must undergo IVF treatment, 
which is burdensome, not without health risk and involves extra costs. As a consequence, 
this strategy has been criticized (Batty et al., 2006; Henderson, 2007; Khamsi, 2007; ASRM, 
2009). This may well have been premature, because oocyte freezing at a relatively younger 
age could potentially result in much higher pregnancy rates than natural conception or the 
currently applied strategy, which is IVF treatment at an advanced age.

To facilitate the debate on oocyte freezing for women who want to extend their reproductive 
lifespan, we performed a cost-effectiveness analysis and determined whether oocyte freezing 
at age 35 and using these oocytes at age 40 for IVF is cost-effective compared with either IVF at 
the age of 40 using freshly obtained oocytes or delayed natural conception without treatment.

Materials and Methods
Model design
We used a decision analytical Markov model to mimic three strategies for 35-year-old 
women who, for various reasons, want to postpone their childbearing until they are 40. 
The strategies were selected for clinical relevance. We evaluated three strategies based 
on the following assumptions. In Strategy 1, women undergo three cycles of ovarian 
hyperstimulation at the age of 35 to collect and freeze all obtained oocytes. This is in line 
with current reimbursement of three cycles of IVF in the Netherlands. Between the ages of 
35–40, no spontaneous pregnancies occur. The frozen oocytes are thawed at the age of 40 

139

9



Chapter 9

and used for IVF. If the women fail to get pregnant after 1 year of IVF with frozen and thawed 
oocytes, they attempt to conceive naturally for the remaining 4 years. In Strategy 2, women 
delay active conception till the age of 40. At the age of 40, they attempt to conceive for the 
first time. If they do not succeed after 1 year, they are by definition subfertile but, for various 
reasons, do not seek any treatment. The reference strategy describes the current clinical 
situation. Women delay active conception till the age of 40 and, if not pregnant after 1 year, 
start IVF treatment. If they do not conceive after 1 year of IVF treatment, with a maximum 
of three IVF cycles, they attempt to conceive naturally again in the remaining 3 years (Fig. 1).

Markov models assume that there are finite numbers of health states (Markov states) 
and at any time patients are assigned to only one health state. The observation horizon 
of a Markov model is divided into equal increments of time (the ‘Markov cycle’) that 
represents the minimum amount of time (cycle length) patients will spend in a health 
state before transition to another state is possible. At the end of each cycle, there is a 
probability of a patient moving from one health state to another. All these transitions are 
defined in terms of probabilities (Fox-Rushby and Cairns, 2005).

We constructed a Markov model to determine the chances of conception and 
subsequent live birth within a defined period of time (observation horizon). Our model 
consisted of four main health states: women undergoing IVF with frozen/thawed oocytes 
or fresh oocytes, live birth after IVF with fresh or frozen/thawed oocytes, live birth after 
natural conception and no pregnancy. The starting point of the model was age 35. Each 
cycle in the model comprised a period of 1 year, as we assumed that three cycles of 
ovarian hyperstimulation to obtain oocytes for freezing, as well as a maximum of three 
IVF cycles can be completed within 1 year (Eijkemans et al., 2008). The time horizon was 
set at 10 years as pregnancy chances beyond the age of 45 are close to zero.Women who 
failed to conceive during a cycle or who had a miscarriage were included in the next cycle. 
Live birth achieved either spontaneously or by IVF with fresh or frozen/thawed oocytes 
was the final state of the model; we restricted the model to first pregnancies.

Figure 1. Strategies of treatment
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Data sources
Probabilities
The probabilities that were used as input for the Markov model are presented in Table I. 
The pregnancy rates after natural conception were calculated with the Hunault prediction 
model (Hunault et al., 2004). The Hunault model calculates the live birth rate after 1 year 
of trying to conceive naturally. 

We assumed that the cumulative live birth rate after 1 year of IVF using thawed oocytes 
is equal to the cumulative live birth rates after three cycles of IVF at the age of 35. This is 
based upon the balance between the loss of oocyte quantity and quality after the freezing 
and thawing process (Kuwayama et al., 2005; Lucena et al., 2006; Antinori et al., 2007; 
Cobo et al., 2008), and the increased chances of success as these women are presumably 
fertile. These IVF pregnancy rates were based on data from Human Fertilization and 
Embryology Authority (HFEA, 2007). The pregnancy rates at age 41 after 1 year of IVF, i.e. 
three cycles, were also based on the HFEA data.

We included miscarriage rates in our analysis, since the chances of a miscarriage 
increase with increasing female age (Nybo Andersen et al., 2000). We therefore assumed 

Table 1. Probabilities used as input variables for decision model

Spontaneous pregnancy Source

Clinical pregnancy rate per year Hunault et al, 2004

40 27%

41 27%

42 23%

43 21%

44 20%

Miscarriage rate per clinical pregnancy

40 32% CDC, 2006

41 37%

42 43%

43 50%

44 61%

Oocyte freezing Source

Clinical pregnancy per year 91% HFAE, 2006

Miscarriage rate per clinical pregnancy 20% CDC, 2006

IVF Source

Age 41:

Clinical pregnancy per year after 3 cycles 60% HFAE,2006

Miscarriage pregnancy rate 37% CDC,2006
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that IVF with frozen/thawed oocytes, which were obtained from women aged 35, would 
result in lower miscarriage rates than in women aged 40 or older after natural conception 
or IVF. Miscarriage rates after IVF were based on data from Centers for Disease Control 
and Prevention (CDC, 2006). We used the same miscarriage rates for the strategies natural 
conception and IVF at 40 years and older.

Costs
Direct medical costs such as costs of ovarian hyperstimulation, oocyte retrieval, laboratory 
costs, embryo transfer, costs for oocyte freezing, costs of oocyte storage, costs of transfer of 
frozen/thawed oocytes and miscarriage cost were included. We included miscarriage cost as 
miscarriage rates increase significantly with maternal age, which will result in higher costs per 
strategy. The only costs included in the natural conception strategy were the miscarriage costs.

The costs were converted to Euros and the index year of 2008 according to the consumer 
price index (CBS, Statistics Netherlands, 2008). We assumed that in this period no large cost 
changes in the treatment protocol occurred except for inflation. The included costs and 
references are presented in Table II. All costs were based on data from the Netherlands.

Cost-effectiveness analysis
The cost-effectiveness analysis was performed from a healthcare perspective and included 
direct medical costs. The outcome measures of the economic evaluation were the costs 
and effectiveness of each strategy. Effectiveness was expressed as the cumulative live birth 
rate after 5 years. Based on costs and effectiveness of each strategy included in the model, 
incremental cost-effectiveness ratios (ICERs) were calculated. We determined the ICER 
of a strategy by dividing the difference in costs between the strategy and the reference 
strategy, i.e. IVF, by the difference in effect between the strategy and the reference 
strategy. The ICER for this study therefore expresses the extra costs per additional live 
birth. The lower the ICER, the more cost-effective the strategy.

Although IVF is a widely used treatment for various indications, there is no evidence 
that IVF is an effective treatment for age-related fertility decline. To make an optimal 
comparison, we also calculated the ICERs with a different reference strategy, i.e. delayed 
natural conception without additional treatment. For this, we calculated the ICER of 
oocyte freezing and of IVF compared with delayed natural conception without treatment.

Table 2. Costs used as input variables for decision model

Costs Source

Costs per IVF cycle  € 3 042 Merkus 

Costs for oocyte freezing (3 cycles)  € 9 126 Merkus 

Costs for oocyte-storage /year  € 40 Institutional costs

Costs for embryo transfer/cycle  € 400 Institutional costs

Costs per miscarriage  € 740 Graziosi et al.
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The analyses were calculated with and without discounting. Future costs were 
discounted by 4% annually for a time frame of 10 years (Health insurance board (CVZ), 
2006). All effects were discounted by 1.5% as recommended by the Dutch Health Insurance 
board (Health insurance board (CVZ), 2006) for a time frame of 5 years, since women delay 
active conception till 40 and as a result there is no ‘effect’, i.e. pregnancy till the age of 40.

Sensitivity analysis
Different sensitivity analyses were performed. In the first sensitivity analysis, we evaluated 
the effect of different percentages of women returning to collect their frozen oocytes. 
This is important, as we originally assumed that all women would return and collect their 
frozen oocytes and use them for IVF, which might not be realistic in practice.

The second analysis was a one-way simple sensitivity analysis to evaluate the 
robustness of the model. In this analysis, each model parameter is varied individually to 
isolate the consequences of each parameter on the results of the study. All parameters 
are listed in Supplementary data, Table SI.

The third analysis was a probabilistic sensitivity analysis (Monte Carlo simulations). 
In probabilistic sensitivity analysis, it is assumed that the uncertainty of an input 
variable possesses probability distributions, i.e. a baseline estimate and a upper and 
lower bound of the 95% confidence interval. In the probabilistic sensitivity analysis, the 
probability distributions of input variables are incorporated into the evaluation model. 
Thus, probabilistic sensitivity analysis characterizes, quantitatively, the uncertainty and 
variability in estimates of the results.

In our analysis, all major model parameters were simultaneously and randomly varied 
over the appropriate probability distributions using Monte Carlo simulation with 1000 
runs. On the basis of the simulation results, we constructed cost-effectiveness acceptability 
curves at different willingness-to-pay thresholds as well as 95% confidence limits for the 
calculated ICER.

The sensitivity analyses were performed with undiscounted costs and effects. All 
computations were performed using a commercially available decision analysis software 
package (TreeAge Pro 2009, Tree Age, Inc., Williamstown, MA, USA). No medical ethical 
approval for this research was needed.

Results
Effectiveness and costs
After 10 years, at the age of 45, the discounted cumulative live birth rate for Strategy 1, 
freezing oocytes at age 35 years and using them at age 40, was 84.5% (73.7% after IVF 
with frozen and thawed oocytes and 10.8% after natural conception). The costs for this 
strategy were €10,419 per woman and the costs per live birth were €12,326 (Table III). The 
discounted cumulative live birth rate for Strategy 2, women delaying active conception till 
the age of 40 and receiving no treatment, was 52.3%. The costs for this strategy were €310 
per woman and the costs per live birth were €593 (Table III).

143

9



Chapter 9

Ta
bl

e 
3.

 C
um

ul
ati

ve
 li

ve
 b

irt
h 

ra
te

, m
is

ca
rr

ia
ge

 ra
te

, c
os

ts
 a

nd
 e

sti
m

at
ed

 c
os

t e
ffe

cti
ve

ne
ss

 ra
tio

s

Cu
m

ul
ati

ve
  

liv
e 

bi
rt

h 
ra

te
 

Cu
m

ul
ati

ve
 

liv
e 

bi
rt

h 
ra

te
 

di
sc

ou
nt

ed
 

M
is

ca
rr

ia
ge

 
ra

te
Co

st
s 

pe
r 

st
ra

te
gy

Co
st

 p
er

 
st

ra
te

gy
 

di
sc

ou
nt

ed
 

Co
st

 p
er

 li
ve

 
bi

rt
h

Co
st

 p
er

  
liv

e 
bi

rt
h 

di
sc

ou
nt

ed
IC

ER
IC

ER
 

D
is

co
un

te
d

St
ra

te
gy

 I

Fr
ee

zi
ng

 o
oc

yt
es

 a
t a

ge
 3

5,
 

IV
F 

w
ith

 fr
oz

en
 o

oc
yt

es
 a

t a
ge

 4
0

84
,2

%
84

,5
%

26
,8

%
€ 

10
 1

95
€ 

10
 4

19
€ 

12
 1

11
€ 

12
 3

26
€ 

19
 5

24
€ 

13
 1

56

St
ra

te
gy

 II

N
at

ur
al

 c
on

ce
pti

on
 (n

o 
ad

di
tio

na
l t

re
at

m
en

t)
51

,2
%

52
,3

%
35

,9
%

€ 
26

6
€ 

31
0

€ 
51

9
€ 

59
3

€ 
47

 8
74

€ 
60

 7
17

Re
fe

re
nc

e 
st

ra
te

gy

W
om

en
 a

ge
 4

0,
 IV

F 
aft

er
 o

ne
 

ye
ar

 o
f s

ub
fe

ril
ity

63
,5

%
64

,6
%

41
,1

%
€ 

6 
15

4
€ 

7 
79

8
€ 

9 
69

4
€ 

12
 0

71

144



Expanding Reproductive Lifespan

For the reference strategy, women of 40 years receiving IVF treatment after 1 year of 
attempting natural conception, the discounted cumulative live birth rate was 64.6% (31.4% 
after IVF and 33.2% after natural conception), the costs for this strategy were €7,798 per 
woman and the cost per live birth were €12,071 (Table III). The average number of IVF 
cycles performed was 2.35. The results without discounting are also listed in Table III.

Cost-effectiveness
The discounted ICER for Strategy 1, oocyte freezing at 35, was €13,156 per additional live 
birth when compared with the reference strategy (Fig. 2 and Table III). For Strategy 2, 
delayed natural conception without treatment, the ICER was €60,717. This implicates that 
one saves €60,717 at the cost of one live birth (Fig. 2 and Table III). The results without 
discounting are also listed in Table III.

When we changed the reference strategy from IVF to delayed natural conception 
without additional treatment (Strategy 2), the ICER without discounting for Strategy 
1, oocyte freezing, was €30,091 per additional live birth when compared with delayed 
natural conception without treatment and after discounting €31,339. The ICER of IVF 
compared with delayed natural conception without additional treatment was €47,874 
undiscounted and €60,716 after discounting per additional live birth.

Sensitivity analysis
In the first sensitivity analysis, we varied the percentages of women returning to collect 
their frozen oocytes. The threshold at which Strategy 1 remains cost-effective compared 
with the other strategies is 61%. 

The second one-way simple, sensitivity analysis showed that two model inputs had 
considerable influence on the model, i.e. pregnancy rates after oocyte freezing and the 
costs for oocyte freezing. If cumulative live birth rates after oocyte freezing drop, < 53%, 

Figure 2. Incremental cost-effectiveness plane
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the reference strategy becomes more cost-effective. If the costs for oocyte freezing are, 
< €5,058 or the IVF costs are > €4,475, Strategy 1 is more cost-effective.

The third, probabilistic, sensitivity analysis showed that oocyte freezing remains the 
preferred strategy (Table IV).

Cost-effectiveness acceptability curves
Until the ceiling ratio (expressing the willingness to pay for an additional live birth) reaches 
€19,560, the probability that the reference strategy is most cost-effective, is the highest. 
If one is willing to pay more €19,560 extra for an additional live birth, the probability that 
Strategy 1 is most cost-effective compared with IVF is the highest (Fig. 3).

Discussion
Our society at large creates the economic, educational and professional conditions that 
encourage deferred maternity (Gosden et al., 2000). Fertility starts to decline more than 
a decade before menopause (Menken et al., 1986). As a consequence, postponement 
of maternity results in an increase in involuntary childlessness (te Velde et al., 2008; 
Steenhof and de Jong, 2009). Oocyte freezing is able to circumvent the natural decline of 
fertility and to extend women’s natural reproductive lifespan.

In this study, we evaluated the cost and effects of oocyte freezing compared with IVF 
treatment. Our study showed oocyte freezing at age 35 to be cost-effective if the return 
rate after oocyte storage is > 61% and one is willing to pay €19,560 extra per additional live 
birth compared with our reference strategy, IVF. When changing the reference strategy to 
delayed natural conception without treatment, the ICER of oocyte freezing was €31,339 
per additional live birth when compared with delayed natural conception and the ICER of 
IVF was €60,716. Oocyte freezing is therefore more cost-effective than IVF. 

This study has some limitations. First, although empirical data and true healthcare costs 
were used as input parameters for the model, data on natural conception at 40 years or 
older are limited. For our Markov model, pregnancy and miscarriage rates of women aged 

Table 4. The results of the probabilistic sensitivity analysis (Monte Carlo simulation)

Mean costs per strategy (€)
Mean (95% CI)

Mean ICER (€/effect)
Mean (95% CI)

Strategy I

Freezing oocytes at age 35, 
IVF with frozen oocytes at age 40

8,764 (4,369-13,123) 19,587 (-12728-111841)

Strategy II

Natural conception (no additional treatment) 271 (166 -389) 50,137 (17,888-221,021)

Reference strategy

Women age 40, IVF after one year of subferility 5,303 (2,903-7,828)
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between 40 and 45 were necessary. Large epidemiological studies only provide these rates 
till the age of 41(van Noord-Zaadstra et al., 1991; Dunson et al., 2004; Leridon, 2004). We 
therefore used a validated prediction model to calculate pregnancy rates after natural 
conception (Hunault et al., 2004). These calculated pregnancy rates may not precisely reflect 
the ‘real’ pregnancy rates for women of 40 or older, but our sensitivity analyses showed that, 
even with higher or lower spontaneous pregnancy chances, the model remained stable. 

Another limitation is that data on oocyte freezing are still limited. Most of the 
published papers have used data on frozen oocytes of subfertile women (Yoon et al., 2003; 
Kuwayama et al., 2005; Antinori et al., 2007; Chian et al., 2009; Noyes et al., 2009). The 
women in our hypothetical cohort were not subfertile, but women of unproven fertility. 
The published data could therefore result in an underestimation of pregnancy rates, but 
we believe that this potential underestimation is equalled out by the potential decline in 
quality and quantity of oocytes after freezing/thawing.

A last limitation is that medical costs of the pregnancies and deliveries were not taken into 
account. One should bear in mind that these costs exist for all pregnancies despite the mode 
of conception and the goal of fertility treatment is to attain a pregnancy/child and therefore 
generate these costs. Yet, the costs of IVF pregnancies are higher than after natural conception 
since the chances of multiple pregnancies and premature birth are also higher (Ledger et al., 
2006), but in the current IVF practices embryo transfer policies are shifting towards single 
embryo transfer which results in much lower multiple pregnancies rates and lower costs.

A strong point of our study is that we compared oocyte freezing with two strategies of 
relevance to women wishing to conceive at age 40, i.e. delayed natural conception without 
additional treatment or IVF. Also, our model simulates all relevant clinical events and the use 
of health services, reflecting a real clinical setting. The costs used in our model were based 
on a recent publication on costs of IVF (Merkus, 2006) resulting in an optimal approach to 

Figure 3. Cost-effectiveness acceptability curve
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a real clinical setting and resulting in a more robust model. Furthermore, in this study, we 
made great effort to be transparent in our reporting, which should allow researchers and 
decision-makers to judge the applicability of this work to their own setting.

Our study substantiates that oocyte freezing results in higher live birth rates compared 
with IVF or natural conception without additional treatment, but is also more costly. Our 
study also shows that oocyte freezing will be more cost-effective if women use their frozen 
oocytes later in life, as older women have lower chances of conceiving naturally, but it will 
be less cost-effective if women use their frozen oocytes at a younger age as they will then 
still have reasonably high chances of conceiving naturally.

In cost-effectiveness studies, the most important outcome is the ICER. This ratio is 
calculated if there are established norms for what is considered cost-effective, i.e. in our 
situation how much society is willing to pay for an additional child. However, there are 
no established norms for how much society would be willing to pay for an additional 
child. Yet, IVF is used extensively for the indication of age-related fertility decline and 
therefore the costs for the IVF treatments are already accepted by society. The magnitude 
of the ICER, indicating the difference in costs and effectiveness of IVF and oocyte freezing, 
provides evidence of the amount of money involved. Hopefully, the data from this study 
are helpful in progressing the debate on reproduction in women who for various reasons 
have to defer their pregnancy.

In conclusion, the present study demonstrates that oocyte freezing is cost-effective, if 
at least 61% of the women return to collect their oocytes and if there is a willingness to 
pay €19,560 extra per additional live birth. Our Markov model shows that oocyte freezing 
provides more value for money than IVF, considering all used assumptions.
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Supplementary Table 1. Estimates values, ranges used in sensitivity analysis, and distribution type

Spontaneous pregnancy Base case Plausible Range Distribution

Clinical pregnancy rate per year

40 26,7% 17-37% uniform

41 26,8% 17-37% uniform

42 23,0% 13-33% uniform

43 20,6% 11-31% uniform

44 20,2% 10-30% uniform

Miscarriage rate

40 31,9% 22-42% uniform

41 37,1% 27-47% uniform

42 42,7% 33-53% uniform

43 50,0% 40-60% uniform

44 60,9% 51-71% uniform

Oocyte freezing Base case Plausible Range Distribution

Clinical pregnancy rate per year 91,4% 70-95% uniform

Miscarriage rate 19,6% 10-30% uniform

Mean cycle number 1,68

Pick up rate 100% 50-100%

IVF Base case Plausible Range Distribution

Age 41:

Clinical pregnancy rate per year 60,1% 40-70% uniform

Miscarriage rate 37,1% 27-47% uniform

Mean cycle number 2,35 

Costs Index year 2008 Plausible Range Distribution

Costs per IVF cycle € 3 042 

Mean IVF costs per year € 7 149 3042-9126 uniform

Costs of freezing of oocytes € 9 126 3042-12168 uniform

Costs for oocyte-storage per year € 40 

Costs for oocyte-storage for 5 years year € 200 100-400 uniform

Costs embryo transfer with frozen/thawed oocytes per cycle € 400 

Mean costs embryo transfer with frozen/thawed oocytes per year € 671 400-1000 uniform

Costs per miscarriage € 740 500-1000 uniform
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Summary
This thesis reports on cost-effectiveness in reproductive medicine. Firstly, we evaluated 
the methodologic quality of studies in reproductive medicine. Insight into the quality 
of economical analysis in reproductive medicine is important for valuing the performed 
studies and to assess whether these studies are of such quality that they can be used 
for decision-making. Secondly, we assessed the long-term economic benefits attributed 
to IVF conceived individuals in the Netherlands. Thirdly, we evaluated various topics in 
reproductive medicine in which the cost-effectiveness of diagnostic and/or treatment 
strategies are still unclear. We explored the cost-effectiveness of: testing for tubal 
pathology, dose adjustment in IVF treatment according to ovarian reserve, treatment 
strategies for couples presenting with PCOS and fail to conceive after six cycles of 
Clomifene Citrate, assisted reproduction for male subfertility according to pre-wash total 
motile sperm count, single versus double embryo transfer according to female age and the 
cost-effectiveness of oocyte freezing for expanding the reproductive life span.

Chapter 1 
In chapter 1 we describe the background of the economic evaluations that we performed. 
We describe that management of the fertility workup and therapeutic interventions are 
currently driven by evidence regarding effectiveness but usually not by cost-effectiveness. 
Fertility treatments generally move from low-cost, low-technology treatments such 
as intrauterine insemination (IUI) to high-cost, more invasive assisted reproductive 
technologies (ART) with in vitro fertilization. It is questionable if this is the most cost-
effective treatment pathway, since different causes are responsible for subfertility. 
Therefore, the standard pathway of moving from a low-cost, low technology to a high-
cost, more invasive reproductive technology might not be applicable for all diagnoses 
looking at it from a cost-effectiveness point of view. 

Chapter 2
In chapter 2 we evaluated the methodologic quality of economic analyses published 
in the field of reproductive medicine. Insight into the quality of economical analyses in 
reproductive medicine is important for valuing the performed studies and to assess whether 
these studies can be used for decision-making.Therefore we performed a systematic review 
of existing economical analyses in Reproductive Medicine.  We systematically scored all 
articles according to a checklist based on the available guidelines. We found that there 
is still room for improvement in the quality of economical evaluations in reproductive 
medicine.  Of the 85 evaluated articles published between 1997 and 2011, only one article 
met all quality criteria. The mean number of criteria adhered to was 20 out of 30. If at 
least one author was from a methodologic department, the number of criteria adhered 
to was higher. Improvement can be gained by more clear and transparent reporting of the 
design (perspective, study horizon) as well as used values for costs, probabilities, outcomes 
and the performance of sensitivity analysis. Understanding and adequately applying and 
reporting the methodology of cost-effectiveness analysis is critical for researchers, editors, 
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and readers to accurately interpret results. As decision making – both for clinical and health 
policy decisions – should be based on high quality evidence on clinical and economic 
consequences, researchers in reproductive medicine should strive to further improve the 
quality of their economic evaluation studies and related publications.

Chapter 3
In chapter 3 we evaluated if an IVF-conceived child in the Netherlands results in a positive 
return at the end of live. Previous studies conducted in the United Kingdom, United States 
and Sweden showed positive tax revenues attributed to investments in IVF, suggesting 
that IVF is a good use of public resources (Connolly et al., 2009; Connolly et al., 2008; 
Svensson et al., 2008). Therefore, we assessed the long-term economic benefits attributed 
to IVF-conceived individuals in the Netherlands. Furthermore, we extended the previous 
analytic framework by considering differences in net tax revenue that may arise following 
the birth of an IVF-conceived boy or girl. 

According to our analysis the net present value at the end of life of IVF conceived 
individuals is negative, for both men and women. The same is true for naturally conceived 
individuals in the Netherlands. These results are consistent with a generational accounting 
analysis conducted in 1995 in the Netherlands; this analysis also showed a negative return 
at the end of live (Bovenberg et al., 1999). This is in contrast with the results found in the 
United States, United Kingdom and Sweden.  The differences between the countries can 
be explained by differences in taxing, social benefits and labour participation. 

This is the first analysis that differentiates between men and women. In our analysis 
both men and women had a negative return at the end of life, but the negative return of 
women  ( - €123,177) was much higher compared to that of men ( - €47,091). This can partly 
be explained by the lower labour participation of women compared to men. (CBS, Statistics 
Netherlands 2010) Also, if women work, this is more likely to be part-time, compared to 
men and the income of women is still lower than that of men, resulting in less income tax 
and VAT.(CBS, Statistics Netherlands, 2011) Another explanation for the difference between 
men and women are the health care costs. During working life, the costs are approximately 
the same, but from retirement to the end of life, women consume more health care. This 
is probably because women live longer than men and as age progresses healthcare costs 
increase more rapidly (National Institute for public health and the environment, 2008). 

Our analysis showed a negative return at the end of life, for an average IVF individual, 
for both men and women. Because an IVF individual does not result in a positive return, the 
government could decide not to invest in IVF, but on the other hand, naturally conceived 
individuals also give a negative return at the end of life.  

Chapter 4
In chapter 4 we evaluated the cost-effectiveness of testing for tubal pathology. Guidelines 
are not in agreement on the most effective diagnostic scenario for tubal patency testing, i.e. 
there is no consensus on which test should initially be used, and there is no consensus on 
the sequence of tests in the fertility work-up. Therefore we evaluated the cost-effectiveness 
of invasive tubal testing in subfertile couples. We performed a cost-effectiveness analysis, 

156



Summary

using a decision analytic framework based on a computer-simulated cohort of sibfertile 
women. We evaluated six diagnostic and treatment scenarios: [1] No test or treatment. 
[2] Direct treatment without tubal testing. [3] Delayed treatment without tubal testing 
[4] Hysterosalpingogram (HSG), followed by direct or delayed treatment, according to 
diagnosis (tailored treatment) [5] HSG and a diagnostic laparoscopy (DL) in case HSG 
does not prove tubal patency, followed by tailored treatment. [6] DL followed by tailored 
treatment. Main outcome was expected cumulative live birth after three years. Secondary 
outcomes were cost per couple and the incremental cost-effectivness ratio. For a 30 year 
old women, with otherwise unexplained subfertility for 12 months, three year cumulative 
live birth rates were 51.8%, 78.1%, 78.4%, 78.6% and 78.4% and costs per couple were €0, 
€6,968, €5,063 €5,410 €5,405 and €6,163 for scenario 1,2,3,4,5 and 6, respectively. The 
incremental cost-effectiveness ratio compared with scenario 1 (reference strategy), were 
€26,541, €19,046, €20,372, €20,150 and €23,184 for scenario 2,3,4,5 and 6, respectively. 
Sensitivity analysis showed the model to be robust over a wide range of values for the 
variables. Invasive diagnostic tubal test in the fertility work-up is thus not cost-effective. 

Chapter 5 
In chapter 5 we evaluated the cost-effectiveness of dose-adjustment according to ovarian 
reserve. We tested the following scenarios in a decision analytic model:  [1] No treatment, 
[2] up to three cycles of IVF limited to women under 41 years and no ovarian reserve testing, 
[3] up to three cycles of IVF with dose individualization of gonadotropins according to ovarian 
reserve, and [4] up to three cycles of IVF with ovarian reserve testing and exclusion of expected 
poor responders after the first cycle, with no treatment scenario as the reference scenario. 
Cumulative live birth over 1 year was 9.0% in the no treatment scenario, 54.8% for scenario 2, 
70.6% for scenario 3 and 51.9% for scenario 4. Absolute costs per woman for these scenarios 
were €0, €6,917, €6,678, and €5,892 for scenarios 1, 2, 3, and 4, respectively. Incremental 
cost-effectiveness ratios (ICER) for scenarios 2, 3, and 4 were €15,166, €10,837, and €13,743 
per additional live birth. We found that dose-individualisation of the dose of gonadotropins 
according to ovarian reserve increases live births in a model in which a maximum of 3 cycles 
of IVF was offered until the female age of 45 years.  The dose individualisation leads to lower 
costs  and increased live birth. We also demonstrated in sensetivity analysis that even if 
the population aged above 40 years quadruples, the scenario of dose individualisation of 
gonadotropins according to ovarian reserve remains cost-effective.  A limitations of this study 
is that data on the effectiveness of dose individualisation based on ovarian reserve testing 
are derived from one small study.(Popovic-Todorovic et al., 2003) Hence, this scenario needs 
to be tested in a larger population to confirm or refute the effect of dose individualisation 
prior to IVF especially in relation tot female age.

Chapter 6 
In chapter 6, we evaluated the cost-effectiveness of various treatment strategies for women 
with PCOS who did not conceive after 6 ovulatory cycles with CC. We evaluated the following 
strategies: [1] Three cycles of IVF [2] Continuation of CC with six cycles, followed by three 
cycles of IVF in case of no birth [3] Six cycles of Gonadotrophins and three cycles of IVF [4]
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Twelve cycles of Gonadotrophins and three cycles of IVF [5] Continuation of CC with six 
cycles, six cycles of Gonadotrophins and three cycles of IVF [6] Continuation of CC with 
six cycles, twelve cycles of Gonadotrophins and three cycles of IVF. Two year cumulative 
birth rates were 58%,74%,89%,97%,93% and 98% and costs per couple were €9,518, €7,530, 
€9,711, €9,764, €7,651 and €7,684 for scenario 1, 2, 3, 4, 5 and 6 respectively. Scenario 
2 was the lowest cost option. The extra cost per at least one live birth for scenario 5 was 
€629 and for scenario 6 €630 . Our study showed that, after an initial failed number of 6 
cycles, a continuation with CC for 6 cycles followed by 3 cycles of IVF (scenario 2) was the 
least expensive strategy. Continuation of CC with 6 cycles, followed by 6 to 12 cycles of 
gonadotrophins and 3 cycles of IVF in case of no pregnancy (scenario 5 and 6), was more 
expensive but also generated a higher pregnancy rate, i.e. 93% versus 98%. Whether this 
scenario is considered to be cost-effective depends on the willingness to pay per extra live 
birth.  Since not only the achievement of a live birth, but also the time to pregnancy is an 
important factor, we also tested the effect of time to pregnancy on outcome. We discounted 
live birth and found that the issue of time to pregnancy had no influence from a cost-
effectiveness point of view. The major limitations of this study were that data on long term 
treatment scenarios are not available in couples with CC failure. Therefore, t is essential to 
quantify the assumptions used in this model in a randomized controlled trial.

Chapter 7 
In chapter 7, we evaluated the cost-effectiveness of assisted reproduction  for couples with 
male subfertility according to pre-wash TMSC. We evaluated IUI with and without controlled 
ovarian stimulation (COH), IVF and ICSI. We compared one cycle of IUI-COH to one cycle of 
IVF, one cycle of IUI without COH to one cycle of IVF and one cycle of IVF to one cycle of ICSI. 
The model comparing one cycle of IUI with COH to one cycle of IVF, showed that the cost per 
live birth were lower for IUI-COH compared to IVF if the pre-wash TMSC was above 3 million.  
IVF was always more effective but also more costly than IUI-COH. The extra costs per live 
birth (ICER) varied from €12,260 for a pre wash TMSC of 0.1 million to €15,296 for a pre 
wash TMSC of 10 million. Whether IVF is considered cost-effective over IUI-COH depends 
on the willingness to pay (WTP) per extra live birth. The model comparing one cycle of IUI 
in the natural cycle to one cycle IVF, showed that the extra cost per live birth (ICER) grew 
exponentially since live birth rates after IUI were unreasonable due to unrelaible data. high. 
The model comparing one cycle of IVF to one cycle of ICSI showed that if the prewash TMSC 
was below 3 million the cost per live birth for ICSI was lower than IVF. Above a pre-wash 
TMSC of 3 million, IVF had a lower cost per live birth. The extra cost per live birth (ICER) 
ranged from €4,598 to €4,873,646, since ICSI was more expensive but also more effective. 
Whether ICSI is considered cost-effective over IVF depends on the willingness to pay (WTP) 
per extra live birth. Sensitivity analysis, did not alter our conclusions. Also comparing six 
cycles of IUI-COH to three cycles of IVF did not alter our conclusions. The choice of IVF over 
IUI and ICSI over IVF depends on the willingness to pay for an extra live birth. If one only 
considers the cost per live birth for each treatment, above a pre-wash TMSC of 3 million, IUI 
is less costly than IVF and below a pre-wash TMSC of 3 million ICSI is less costly. Effectiveness 
needs to be confirmed in a large randomized controlled trial.
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Chapter 8 
In Chapter 8 we evaluated a policy of SET versus DET to reduce multiple pregnancies while 
maintaining reasonable pregnancy rates against reasonable costs. Single embryo transfer 
in selected groups of women is advocated as the only effective means of lowering the 
rate of twin pregnancies. The main aim of this study was to evaluate until what age SET 
is cost-effective. We evaluated the costs and effectiveness of single embryo transfer with 
one frozen-thawed single embryo transfer compared to double embryo transfer, looking 
at different female age groups. Our study showed that single embryo transfer with one 
frozen-thawed embryo transfer is cost-effective in women up to 32 years compared to 
DET. In women of 33 or older double embryo transfer is more effective than SET but also 
more costly. The ICER for women aged 32 was €50,348. The ICER decreased rapidly with 
increasing female, resulting in an ICER of €54 at the age of 43. Whether single or double 
embryo transfer should be performed in women of 32 years or older depends on how much 
society is willing to pay for an extra child. This study is the first cost-effectiveness study 
on single embryo transfer that included age as a continuous variable. Our main limitation 
was that all model parameters were based on cohort data, not on randomized controlled 
trials.  Since trials comparing single embryo transfer with frozen and thawed single embryo 
transfers versus double embryo transfers have not been performed in women between 
36 and 43 years, cohort data currently provide the best available evidence. We found 
that embryo transfer strategy has a profound impact on costs, effectiveness and adverse 
outcomes associated with treatment. Cost-effectiveness was dependent on female age and 
how much society is willing to pay for an extra child. Obviously, our data need confirmation 
by a large randomized clinical trial to evaluate which transfer policy is really (cost) effective. 

Chapter 9 
In chapter 9, we evaluated the cost-effectiveness off oocyte freezing on social indication. 
We evaluated the cost and effects of oocyte freezing compared to IVF treatment. Our 
study showed oocyte freezing at age 35 to be cost effective if the return rate after oocyte 
storage is higher than 61% and one is willing to pay €13,156 extra per additional live birth 
compared to our reference strategy, IVF. When changing the reference strategy to delayed 
natural conception without additional treatment, the ICER of oocyte freezing was €30,091 
per additional live birth and the ICER of IVF was €47,874. Oocyte freezing is therefore 
more cost effective than IVF. The main limitation is that data on natural conception at 
40 years or older are limited. The calculated pregnancy rates may not precisely reflect 
the ‘real’ pregnancy rates for women of 40 or older, but our sensitivity analyses showed 
that, even with higher or lower spontaneous pregnancy chances, the model remained 
stable.  Also data on success rates after oocyte freezing are limited, most of the published 
papers used data on frozen oocytes of subfertile women (Antinori et al., 2007;Chian 
et al., 2009;Kuwayama et al., 2005;Noyes et al., 2009;Yoon et al., 2003). The women 
in our hypothetical cohort were not subfertile, but women of unproven fertility. This 
could result in an underestimation of pregnancy rates, but we believe that this potential 
underestimation is equalled out by the potential decline in quality and quantity of oocytes 

159

10



Chapter 10

after freezing/thawing. Our study substantiates that oocyte freezing results in higher live 
birth rates compared to IVF or natural conception without additional treatment, but is 
also more costly. Our study also shows that oocyte freezing will be more cost effective 
if women use their frozen oocytes later in life, as older women have lower chances of 
conceiving naturally, but it will be less cost-effective if women use their frozen oocytes at 
younger age as they will then still have reasonably high chances of conceiving naturally.

Chapter 10 
Finally, in this chapter we give the conclusions and recommendations for future research 
are made.
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Samenvatting
Dit proefschrift rapporteert over de kosten-effectiviteit in de voortplantingsgeneeskunde. 
Ten eerste evalueerden we de methodologische kwaliteit van economische studies die in de 
voortplantingsgeneeskunde zijn gepubliceerd. Inzicht in de kwaliteit van de gepubliceerde 
economische analyses is belangrijk voor het op waarde schatten van de uitgevoerde 
onderzoeken en te beoordelen of deze studies van zodanige kwaliteit zijn dat ze kunnen 
worden gebruikt voor besluitvorming. Ten tweede hebben we de economische voordelen 
op lange termijn onderzocht van kinderen die verwekt zijn middels in vitro fertilisatie (IVF) 
in Nederland. Ten derde, evalueerden we diverse diagnostische en / of therapeutische 
onderwerpen in de voortplantingsgeneeskunde waarvan de kosten-effectiviteit nog onduidelijk 
was. We evalueerden de kosten-effectiviteit van de volgende onderwerpen: het testen voor 
tubapathologie, dosis individualisatie bij IVF behandeling met behulp van ovariële reserve 
testen, behandelingsstrategieën voor paren die zich presenteren met het polycysteus ovarium 
syndroom (PCOS) en niet zwanger zijn na zes ovulatoire cycli met Clomifeen Citraat (CC), 
voortplantingstechnieken voor mannelijke subfertiliteit aan de hand van de semenanalyse, 
enkele versus dubbele embryo terugplaatsing in IVF op basis van vrouwelijke leeftijd en de 
kosten-effectiviteit van het invriezen van eicellen op sociale indicatie.

Hoofdstuk 1
In hoofdstuk 1 beschrijven we de achtergrond van de economische evaluaties die we hebben 
uitgevoerd. We beschrijven dat het oriënterend fertiliteitsonderzoek en therapeutische 
interventies momenteel gebaseerd worden door studies gebaseerd op effectiviteit en 
meestal niet op kosten-effectiviteit. Vruchtbaarheidsbehandelingen starten meestal met 
behandelingen met lage kosten, zoals intra-uteriene inseminatie (IUI) en worden vervolgd 
door behandelingen met hoge kosten zoals IVF/ICSI. Het is de vraag of dit de meest kosten-
effectieve behandelingsstrategie is, aangezien verschillende oorzaken verantwoordelijk 
zijn voor subfertiliteit. Daarom kan de standaard route van behandelingen met lage kosten 
en lage technologie, naar hoge kosten en hoog technologische behandelingen niet de 
beste strategie zijn vanuit een kosten-effectiviteit oogpunt.

Hoofdstuk 2
In hoofdstuk 2 hebben we de methodologische kwaliteit van de economische analyses 
gepubliceerd op het gebied van de voortplantingsgeneeskunde beoordeeld. Inzicht in de 
kwaliteit van de economische analyses in de voortplantingsgeneeskunde is belangrijk voor 
de waardering van de uitgevoerde onderzoeken en om te beoordelen of deze onderzoeken 
kunnen worden gebruikt voor besluitvorming. Daarom voerden we een systematische 
review uit van de bestaande economische analyses in voortplantingsgeneeskunde. We 
scoorden systematisch alle artikelen volgens een checklist op basis van de beschikbare 
economische richtlijnen. We vonden dat er nog ruimte is voor verbetering in de kwaliteit 
van de economische evaluaties gepubliceerd in de voortplantingsgeneeskunde. Van de 
85 geëvalueerde artikelen gepubliceerd tussen 1997 en 2011, voldeed slechts één artikel 
aan alle kwaliteitscriteria. Het gemiddelde aantal criteria waaraan de studies voldeden 
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was 20 van totaal 30. Indien ten minste één auteur van een methodologische afdeling 
afkomstig was, was het aantal criteria waaraan de studie voldeed significant hoger. 
Kwaliteitsverbetering van de economische studies kan worden bereikt door duidelijke en 
transparante rapportage van het ontwerp (perspectief, tijdspad), alsook van de gebruikte 
waarden (kosten en kansen), de resultaten en de uitkomsten van de sensitiviteitsanalyse. 
Het begrijpen en adequaat toepassen van de methodologie van de kosten-
effectiviteitsanalyse en rapportage is van cruciaal belang voor onderzoekers, redacteuren 
en lezers om de resultaten correct te kunnen interpreteren. Omdat besluitvorming – voor 
zowel klinici als gezondheidszorgbeleidsmakers – gebaseerd moet zijn op hoog kwalittatief 
onderzoek, moeten onderzoekers in de voortplantingsgeneeskunde ernaar streven om de 
kwaliteit van economische studies te verbeteren.

Hoofdstuk 3
In hoofdstuk 3 evalueerden we of een kind dat door IVF is verwekt in Nederland 
resulteert in een positief belastingrendement op het einde van zijn leven. Eerdere 
studies uitgevoerd in het Verenigd Koninkrijk, de Verenigde Staten en Zweden toonden 
positieve belastinginkomsten als gevolg van de investering van IVF, wat suggereert dat IVF 
een goed gebruik is van publieke middelen (Connolly et al., 2009; Connolly et al., 2008; 
Svensson et al., 2008). Daarom onderzochten we de economische kosten en baten die 
op lange termijn toe te schrijven zijn aan IVF-verwekte individuen in Nederland. Tevens 
hebben we gekeken of er een verschil is tussen de geboorte van een man of een vrouw. 
Volgens onze analyse was de netto contante waarde op het einde van het leven van IVF 
verwekte individuen negatief, voor zowel mannen als vrouwen. Hetzelfde geldt voor 
natuurlijk verwekte individuen in Nederland. Deze resultaten komen overeen met een 
analyse die in 1995 is uitgevoerd; deze analyse toonde ook een negatief rendement aan 
het einde van het leven (Bovenberg et al., 1999). Dit in tegenstelling tot de resultaten in 
de Verenigde Staten, het Verenigd Koninkrijk en Zweden. De verschillen tussen de landen 
kunnen worden verklaard door verschillen in belastingheffing, sociale uitkeringen en de 
arbeidsparticipatie. Dit is het eerste onderzoek dat een onderscheid maakt tussen mannen 
en vrouwen. In onze analyse hadden zowel mannen als vrouwen een negatief rendement 
op het einde van het leven, maar het negatieve rendement van vrouwen (- €123.177) is 
veel hoger in vergelijking met die van mannen (- €47.091). Dit kan deels worden verklaard 
door de lagere arbeidsparticipatie van vrouwen in vergelijking met mannen (CBS, Statistics 
Netherlands, 2010). En als vrouwen werken, is dit vaker in deeltijd. In vergelijking met 
mannen is het inkomen van vrouwen lager, wat resulteert in lagere baten doordat zij 
minder inkomstenbelasting en BTW betalen. (CBS, Statistics Netherlands, 2011) Een 
andere verklaring voor het verschil tussen mannen en vrouwen zijn de kosten van de 
gezondheidszorg. Tijdens het beroepsleven zijn de kosten ongeveer hetzelfde, maar vanaf 
het pensioen tot aan het einde van het leven, verbruiken vrouwen meer gezondheidszorg. 
Dit komt waarschijnlijk omdat vrouwen langer leven dan mannen en naarmate de leeftijd 
vordert hun zorgkosten sneller stijgen (National Institute for public health and the 
environment, 2008) Zoals gezegd, onze analyse toonde een negatief rendement op het 
einde van het leven, voor een gemiddeld individu die verwekt is middels IVF, voor zowel 
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mannen als vrouwen. Omdat een IVF individu niet tot een positief rendement leidt, kan de 
overheid besluiten om niet te investeren in IVF. Aan de andere kant, spontaan verwekte 
individuen geven ook een negatief rendement op het einde van het leven.

Hoofdstuk 4
In de meeste richtlijnen is de laatste stap van het vruchtbaarheidsonderzoek het testen 
van de doorgankelijkheid van de tubae met bijv. Hysterosalpingogram (HSG), diagnostische 
laparoscopie met tubatesten(DL). Er is echter geen overeenstemming over de soort test 
die als eerste gebruikt zou moeten worden en over de volgorde van de testen. In dit 
hoofdstuk worden de kosten en effectiviteit van verschillende invasieve diagnostische 
scenario’s voor de detectie van tubapathologie vergeleken. Hiervoor werd een kosten-
effectiviteitsanalyse uitgevoerd, waarbij gebruik werd gemaakt van een computer 
gesimuleerd cohort van subfertiele vrouwen. Zes diagnostische- en behandelscenario’s 
werden geanalyseerd, namelijk: [1] geen diagnostiek voor tubapathologie en geen 
behandeling. [2] geen diagnostiek en directe behandeling met IVF tot een maximum 
van 3 cycli. [3] geen diagnostiek en uitgestelde behandeling met IVF tot een maximum 
van 3 cycli. [4] hysterosalpingography (HSG) , met directe of uitgestelde behandeling 
met IVF afhankelijk van de diagnose (behandeling op maat). Vrouwen met bilaterale 
tubapahtologie op het HSG werden meteen behandeld, vrouwen met unilaterale of 
geen tubapathologie kregen de uitgestelde behandeling. [5] HSG en vrouwen met 
bilaterale tubapathologie ondergingen een diagnostische laparoscopie. Afhankelijk van 
de diagnose werd behandeling op maat toegepast. [6] diagnostische laparoscopie en 
behandeling op maat. De  uitkomstmaat was het cumulatief verwachte levend geborenen 
na drie jaar. Secundaire uitkomstmaten waren kosten per paar en de incrementele 
kosteneffectivititeitsratio (ICER). Voor een 30-jarige vrouw was het cumulatief aantal 
leven geborenen na drie jaar: 51,8%, 78,1%, 78,4%, 78,6% en 78,4% en de kosten per paar 
waren €0, €6.968, €5.063 €5.410 €5.405 en €6.163 voor respectievelijk scenario 1, 2, 3, 
4, 5 en 6. De ICER’s, in vergelijking met scenario 1 (referentiestrategie) waren €26.541, 
€19.046, €20.372, €20.150 en €23.184 voor respectievelijk scenario 2, 3, 4, 5 en 6. Uit 
sensitiviteitsanalyse bleek het model robuust over een breed scala van waarden voor 
de variabelen. De conclusie uit deze studie is dat invasieve diagnostische testen in het 
oriënterend fertiliteitsonderzoek niet kosten-effectief zijn.

Hoofdstuk 5
In hoofdstuk 5 hebben we de kosten-effectiviteit van dosis-individualisering aan de hand 
van de ovariële reserve geëvalueerd. We testten de volgende scenario’s in een beslismodel: 
[1] geen behandeling, [2] tot drie cycli IVF beperkt tot vrouwen tot de leeftijd van 41 
jaar en geen ovariële reserve testen, [3] tot drie cycli IVF met dosis-individualisering van 
gonadotropinen volgens ovariële reserve en [4] tot drie cycli IVF met ovariële reserve 
testen en uitsluiten van vrouwen met een verwachte lage respons na de eerste cyclus. Het 
scenario waarbij geen behandeling plaatsvond werd gebruikt als referentie. Het cumulatief 
aantal levend geborenen na 1 jaar was 9,0% in het geen behandeling scenario, 54,8% 
voor scenario 2, 70,6% voor scenario 3 en 51,9% voor scenario 4. Absolute kosten per 
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vrouw voor deze scenario’s waren €0, €6.917, €6.678 en €5.892 voor achtereenvolgens 
de scenario’s 1, 2, 3, en 4,. De incrementele kosten-effectiviteit ratio (ICER) voor scenario 
2, 3, en 4 waren €15.166, €10.837 en €13.743 per extra levend geborene. We vonden 
dat bij het aanpassen van de dosis gonadotrofinen volgens de ovariële reserve, het aantal 
levendgeborenen toenam en de kosten afnamen, in een model waarin een maximum van 3 
cycli van IVF werd aangeboden tot de vrouwelijke leeftijd van 45 jaar. In sensitiviteitsanalyse 
toonden we tevens aan dat indien de patiëntenpopulatie boven de 40 jaar verviervoudigt, 
het scenario van de dosis individualisering van gonadotrofinen volgens ovariële reserve 
rendabel blijft. Een beperking van deze analyse is dat de gegevens over de effectiviteit van 
de dosis individualisering op basis van ovariële reserve testen zijn gebaseerd op een kleine 
studie. (Popovic-Todorovic et al., 2003) Derhalve dient dit scenario getest te worden in een 
grotere populatie, met name in relatie tot de leeftijd van de vrouw.

Hoofdstuk 6
In hoofdstuk 6 evalueerden we de kosten-effectiviteit van verschillende behandelstrategieën 
voor vrouwen met het polycysteus ovarium syndroom (PCOS) die niet zwanger zijn na 6 
ovulatoire cycli met Clomiphene Citraat (CC). We evalueerden de volgende scenario’s: [1] 
drie cycli IVF [2] continueren van CC met zes cycli, gevolgd door drie cycli IVF [3] zes cycli 
met Gonadotrofinen en drie cycli IVF [4] twaalf cycli met Gonadotrofines en drie cycli IVF 
[5] voortzetting van CC met zes cycli, zes cycli van Gonadotrofines en drie cycli van IVF [6] 
continueren van CC met zes cycli, gevolgd door twaalf cycli met Gonadotrofines en drie cycli 
IVF. Het aantal cumulatief levend geborenen na twee jaar was 58%, 74%, 89%, 97%, 93% 
en 98% en de kosten per koppel waren €9.518, €7.530, €9.711, €9.764, €7.651 en €7.684 
voor scenario 1, 2, 3, 4, 5 en 6. Scenario 2 had dus de laagste kosten. De extra kosten per 
extra levend geborene was voor scenario 5 €629 en voor scenario 6 €630. Onze studie 
toonde aan dat scenario 2 het goedkoopste behandelscenario was: continueren van CC 
met zes cycli, gevolgd door drie cycli IVF. Voortzetting van CC met 6 cycli, gevolgd door 6 
of 12 cycli met gonadotrofinen en 3 cycli IVF (scenario 5 en 6), is duurder, maar leidt ook 
tot een hogere kans op zwangerschap met een cumulatief aantal levend geborenen van 
93% versus 98%. Of deze scenario’s worden beschouwd als kosten-effectief is afhankelijk 
van de willingness to pay per extra levend geborene. Aangezien niet alleen het krijgen van 
een levend geborene, maar ook de tijd tot zwangerschap een belangrijke factor is, hebben 
we ook dit effect onderzocht. De tijd tot zwangerschap had geen effect op onze conclusies 
vanuit het oogpunt van kosten-effectiviteit. De belangrijkste beperking van dit onderzoek 
was dat er geen gegevens over langdurige behandeling beschikbaar zijn voor paren die niet 
zwanger zijn na behandeling met 6 cycli Clomiphene Citraat. Daarom is het essentieel dat 
onze aannames in een gerandomiseerde gecontroleerde studie worden gekwantificeerd. 

Hoofdstuk 7
In hoofdstuk 7 evalueerden we de kosten-effectiviteit van vruchtbaarheidsbehandelingen 
voor paren met mannelijke subfertiliteit volgens semenkwaliteit. We evalueerden drie 
behandelingen, IUI met en zonder gecontroleerde ovariële stimulatie (COH), IVF en ICSI. 
We vergeleken een cyclus IUI-COH met een cyclus IVF, een cyclus IUI zonder COH met 
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een cyclus IVF en een cyclus IVF met een cyclus ICSI. Het model dat een cyclus IUI-COH 
vergeleek met een cyclus IVF, liet zien dat de kosten per levend geborene lager waren voor 
IUI-COH in vergelijking met IVF als de VCM (volume x concentratie x het percentage motiele 
spermatozoa) boven de 3 miljoen was. IVF was altijd effectiever en duurder dan IUI-COH. 
De extra kosten per levend geborene (ICER) varieerde van €12.260 voor een VCM van 0,1 
miljoen tot €15.296 voor een VCM van 10 miljoen. Of IVF wordt beschouwd als kosten-
effectief in vergelijking tot IUI-COH is afhankelijk van de willingness to pay per extra levend 
geborene. Het model dat een cyclus van IUI zonder stimulatie vergeleek met een   cyclus IVF, 
bleek onrealistische resultaten te geven. Het model dat een cyclus IVF vergeleek met een 
cyclus ICSI, liet zien dat indien de VCM boven de 3 miljoen lag, IVF lagere kosten per levend 
geborene had en onder de 3 miljoen ICSI lagere kosten per levend geborene had. ICSI was 
altijd duurder en effectiever, de extra kosten per leven geborene varieerden van €4.598 tot 
€4.873.646. Of ICSI wordt beschouwd als kosten-effectief is afhankelijk de willingness to 
pay per extra levend geborene. Sensitiviteitsanalyse veranderde onze conclusies niet. Ook 
het vergelijken van zes cycli van IUI-COH met drie cycli van IVF had geen invloed op onze 
conclusies. Daarom is de keuze voor IVF in plaats van IUI en ICSI in plaats van IVF afhankelijk 
van de willingness to pay per extra levend geborene. Als alleen de kosten per levend geborene 
in beschouwing worden genomen, is boven een VCM van 3 miljoen IUI minder kostbaar dan 
IVF en onder een VCM van 3 miljoen is ICSI minder kostbaar dan IVF. De effectiviteit moet 
nog in een grote gerandomiseerde gecontroleerde studie worden bevestigd.

Hoofdstuk 8
In hoofdstuk 8 evalueerden we een beleid van enkele (SET) versus dubbele (DET) 
embryo terugplaatsing om meerlingen te verminderen met behoud van redelijke 
zwangerschapkansen tegen redelijke kosten. Enkele embryo terugplaatsing in 
geselecteerde groepen vrouwen wordt bepleit als het enige effectieve middel voor het 
verlagen meerlingzwangerschappen. Het belangrijkste doel van deze studie was om te 
evalueren tot welke leeftijd SET kosten-effectief is. We evalueerden de kosten en de 
effectiviteit van enkele embryo terugplaatsing met een ingevroren-ontdooide enkele 
embryo terugplaatsing in vergelijking met dubbele embryo terugplaatsing. Daarbij hebben 
we gekeken naar verschillende vrouwelijke leeftijdsgroepen. Onze studie toonde aan dat 
enkele embryo terugplaatsing met een ingevroren-ontdooide embryo terugplaatsing 
kosten-effectief is bij vrouwen tot 32 jaar in vergelijking met DET. Bij vrouwen van 32 jaar 
of ouder is dubbele embryo terugplaatsing effectiever dan SET, maar ook duurder. De 
incrementele kosten-effectiviteitsratio (ICER), de extra kosten per levend geborene voor 
vrouwen van 32 jaar was €50.348. De ICER nam snel af met toenemende vrouwelijke 
leeftijd, resulterend in een ICER van €54 op de leeftijd van 43. Of enkele of dubbele embryo 
terugplaatsing moet worden uitgevoerd bij vrouwen van 33 jaar of ouder is afhankelijk 
van de willingness to pay voor een extra kind. Deze studie is de eerste studie naar de 
kosten-effectiviteit van enkele embryo terugplaatsing waarbij leeftijd is opgenomen als 
een continue variabele. Onze belangrijkste beperking was dat alle model parameters 
gebaseerd zijn op cohort-gegevens en niet op gerandomiseerde gecontroleerde studies. 
Omdat studies die enkele embryo terugplaatsing met een ingevroren en ontdooide 
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enkele embryo terugplaatsing versus dubbele embryo terugplaatsing vergelijken niet zijn 
uitgevoerd bij vrouwen tussen 36 en 43 jaar, zijn cohortgegevens momenteel het best 
beschikbare bewijs. We vonden dat het terugplaatsingsbeleid een grote invloed heeft op 
de kosten, de effectiviteit en met ongunstige resultaten als gevolg van de behandeling. De 
kosten-effectiviteit was afhankelijk van de leeftijd van de vrouw en de willingness to pay. 
Uiteraard zullen onze conclusies bevestigd moeten worden in een groot gerandomiseerd 
klinisch onderzoek om te evalueren welke terugplaatsingsbeleid echt (kosten) effectief is.

Hoofdstuk 9
In hoofdstuk 9, evalueerden we de kosten-effectiviteit van het invriezen van eicellen op 
sociale indicatie. We evalueerden de kosten en de gevolgen van eicellen invriezen vergeleken 
IVF behandeling. Onze studie toonde aan dat het invriezen van eicellen op de leeftijd van 35 
kosten-effectief is indien minimaal 61% van de vrouwen haar eicellen ophaalt en men bereid 
is om €19.560 per extra levende geboorte (WTP) te betalen in vergelijking met onze referentie 
strategie, IVF. Indien het invriezen van eicellen op de leeftijd van 35 en het weer ophalen op 
de leeftijd van 40 vergeleken wordt met geen behandeling, zijn de extra kosten per levend 
geborene €31.339. Indien de referentie strategie gewijzigd wordt naar de geen behandeling 
strategie, zijn de extra kosten per levend geborene €30.091 voor het invriezen van de eicellen 
en €47.874 voor IVF op de leeftijd van 41. Indien de referentiestrategie geen behandeling 
is, is het invriezen van eicellen kosteneffectiever dan IVF. De voornaamste beperking van 
deze studie is dat gegevens over natuurlijke conceptie van vrouwen van 40 jaar of ouder 
beperkt zijn. De berekende zwangerschapskansen komen mogelijk niet precies overeen met 
de ‘echte’ zwangerschap van vrouwen van 40 jaar of ouder, maar onze sensitiviteitsanalyses 
toonden aan dat, zelfs met een hogere of lagere spontane zwangerschapskans, de conclusies 
hetzelfde bleven. Ook gegevens over de rendementen na het invriezen eicellen zijn beperkt, 
de meeste van de gepubliceerde documenten gebruikten gegevens van bevroren eicellen van 
subfertiele vrouwen (Antinori et al., 2007;. Chian et al., 2009;. Kuwayama et al., 2005;. Noyes 
et al., 2009, Yoon et al., 2003). De vrouwen in ons hypothetische cohort waren niet subfertiel, 
maar vrouwen van onbewezen vruchtbaarheid. Dit kan leiden tot een onderschatting van de 
zwangerschapskansen, maar wij geloven dat deze potentiële onderschatting uitgebalanceerd 
wordt door de potentiële daling van de kwaliteit en kwantiteit van de eicellen na invriezen 
of ontdooien. Onze studie laat zien dat het invriezen van eicellen resulteert in hogere 
geboortecijfers in vergelijking met IVF of natuurlijke bevruchting zonder verdere behandeling, 
maar ook duurder is. De extra kosten per levend geborene zal afnemen indien vrouwen de 
ingevroren eicellen later in hun leven ophalen. Indien vrouwen de eicellen op jongere leeftijd 
ophalen nemen de extra kosten per levend geborene toe, aangezien vrouwen op jongere 
leeftijd nog een hoge kans op spontane zwangerschap.

Hoofdstuk 10
Dit hoofdstuk bevat een algemene bespreking van de bevindingen en bevat aanbevelingen 
voor toekomstig onderzoek.
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Conclusions and Implications for future research
This thesis had three aims. The first aim was to identify the quality of cost-effectiveness 
studies performed in reproductive medicine, the second aim was to assess the long-term 
economic benefits attributed to IVF conceived individuals in the Netherlands and the third 
aim was to explore cost-effectiveness of various diagnostic strategies and therapeutic 
interventions in reproductive medicine.

From the present thesis we can conclude the following:

• There is still room for improvement in reporting cost-effectiveness studies in reproductive 
medicine. Adequately applying and reporting the methodology of cost-effectiveness 
analysis is critical for researchers, editors, and readers to accurately interpret results. 

• In the Netherlands, both IVF-conceived children as well as non-IVF conceived children 
have a negative net present value at the end of their life. This finding contrasts with 
similar analyses in countries like the US, UK and Sweden. Since both IVF conceived 
children and non IVF conceived have a negative net present value, this should not be 
a reason to stop covering IVF-treatment.

• For a 30 year-old woman, with otherwise unexplained subfertility for 12 months, 
not testing tubal patency and expectant management for another year was the 
most cost-effective strategy. Three year cumulative live birth rates were 78.4% 
and absolute costs were €5,063. The extra cost per live birth compared to no tubal 
patency testing and no treatment was €19,046. Invasive diagnostic tubal test in the 
fertility work-up is thus not cost-effective. Applying this model to other ages, we 
found that not performing tubal patency testing and delayed treatment for one year 
until the age of 38 and not performing tubal patency testing  and direct treatment 
from the age of 39 were the most cost-effective strategies. 

• In couples undergoing up to three cycles of IVF, we found that dose individualization 
of gonadotropins according to ovarian reserve seems the most cost-effective strategy. 
Cumulative live birth over 1 year was 70.6% and absolute costs were €6,678. The 
extra costs per live birth compared to no treatment were €10,837.  We found that 
dose-individualisation of the dose of gonadotropins according to ovarian reserve 
increases live births in a model in which a maximum of 3 cycles of IVF was offered 
until a female age of 45 years compared to no dose individualization.

• In women with PCOS who did not conceive after 6 ovulatory cycles with Clomiphene 
Citrate (CC) we found that continuation of CC with six cycles, followed by three cycles 
of IVF was the lowest cost option. Two year cumulative live birth was 74% and absolute 
costs were €7,530. If one is willing to pay €629 per extra live birth, continuation of CC 
with six cycles, six cycles of Gonadotrophins and three cycles of IVF was the next most 
cost-effective option with a two year cumulative live birth of 93% and absolute cost 
were €7,651. If one is willing to pay €630 per extra live birth, continuation of CC with six 
cycles, twelve cycles of Gonadotrophins and three cycles of IVF was the next most cost 
effective option with a two year cumulative live birth of 98% and absolute cost were 
€7,684. Time to pregnancy had no effect on our conclusions.
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• In couples with male subfertility and a pre-wash TMSC between 0 and 10 million 
comparing one cycle IUI with COH to one cycle of IVF, IVF was always more effective 
but also more costly. The extra costs per live birth (ICER) varied from €12,260 for a pre 
wash TMSC of 0.1 million to €15,296 for a pre wash TMSC of 10 million. The absolute 
costs per live birth were lower for IVF compared to IUI when the pre-wash TMSC was 
below 3 million. Comparing one cycle of IVF to one cycle of ICSI showed that if the 
prewash TMSC was below 3 million, the cost per live birth for ICSI was lower than IVF. 
Above a pre-wash TMSC of 3 million, IVF had a lower cost per live birth. The extra cost 
per live birth (ICER) ranged from €4,598 to €4,873,646, since ICSI was more expensive 
but also more effective. Applying more IUI or IVF cycles did not alter our conclusions.

• Comparing eSET and DET in women undergoing IVF, showed that up to the age of 32 eSET 
is more cost-effective. In women of 33 or older double embryo transfer is more effective 
than SET but also more costly. The extra cost per live birth (ICER) for women aged 32 was 
€50,348. The ICER decreased rapidly with increasing female age, resulting in an ICER of 
€54 at the age of 43. Whether single or double embryo transfer should be performed in 
women of 33 years or older depends on the willingness to pay for an extra child. 

• We evaluated the cost and effects of oocyte freezing compared to IVF treatment. 
Oocyte freezing at the age of 35 and collecting them at the age of 40 resulted in a 
5 year cumulative live birth rate of 84% and absolute costs of €10,419. No oocyte 
freezing and IVF at the age of 41 resulted in a cumulative 5 year live birth rate of 64% 
and absolute costs of €7,798.  Oocyte freezing at age 35 is cost effective if the return 
rate after oocyte storage is higher than 61% and one is willing to pay €19,560 extra 
per additional live birth (ICER) compared to IVF. 

An overview of the outcomes of the cost-effectiveness studies is given in table 1.
Cost-effectiveness studies are crucial in positioning randomized controlled trials; since 

model-based cost-effectiveness studies are based on the best available evidence and 
reflect current knowledge. Model based cost-effectiveness studies facilitate identification 
of the knowledge gaps and can show the critical values at which randomized controlled 
trials should be positioned. After model-based cost-effectiveness studies it is imperative 
to test them in randomized controlled trials before implementing them in current practice.

Our cost-effectiveness study regarding dose adjustment according to ovarian reserve is 
currently being tested in the OPTIMIST trial (NTR2657)(van Tilborg et al., 2012). This study 
compares the routine use of ovarian reserve tests and subsequent use of individualized 
FSH dosages in predicted poor and hyper responders as compared to a policy without 
ovarian reserve test using standard dosages of FSH.

The cost-effectiveness of IUI vs. IVF vs. ICSI in couples with male subfertility will be 
tested in de MASTER trials. These trials compare three treatment protocols. In the first 
randomized controlled trial (NTR3820) (RCT) couples with a pre-wash TMSC of 6 to 10 
million are randomized between three cycles of IUI in the natural cycle (NAT), followed by 
three cycles of IUI controlled ovarian hyperstimulation (COH) and expectant management 
for 6 months. In the second (NTR3822) couples with a pre-wash TMSC of 3 to 6 million 
are randomized between three cycles of IVF, including transfer of cryo-embryos and three 
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Conclusions and Implications for Future Research

cycles of IUI in the natural cycle (NAT), followed by three cycles of IUI-COH. In the third 
RCT couples with a pre-wash TMSC below 3 million and post-wash TMSC > 300.000 are 
randomized between three cycles of IVF, including transfer of cryo-embryos and three 
cycles of ICSI, including transfer of cryo-embryos (NTR3823).

The cost-effectiveness of treatment with Clomiphene Citrate or Gonadotropins after 
CC-failure is currently tested in the M-OVIN study (NTR1449). In this study patients 
are randomly allocated to four treatment arms: extended CC treatment for 6 months, 
ovulation induction with gonadotropins for 6 months, extended CC treatment with IUI for 
6 months and ovulation induction with gonadotropins with IUI for 6 months.

Whether our base case assumption in our cost-effectiveness study of oocyte freezing 
is sound will become clear in the future when more cohort data becomes available.

In our review we showed that there is still room for quality improvement in cost-
effectiveness studies in reproductive medicine. None of the studies were based on time 
to pregnancy, which is also a crucial element for economic evaluations in reproductive 
medicine, since not only the birth of a child is important, but also the time within it occurs. 
Time to pregnancy is especially important in view of subsequent pregnancies, since most 
couples desire more than one child, and as failure to conceive is most prevalent in couples 
with relatively higher age, this time aspect is even more relevant. 

The overwhelming majority of studies focussed on treatment, rather than on diagnosis. 
Apparently, diagnostic issues are more complicated in economic analyses, specifically as 
the end point is more difficult to define. We feel there is a need for economic analyses 
of diagnostic issues, as a large part of the costs in reproductive medicine is spent on 
diagnostic procedures.

Economic evaluations of fertility treatments are different from normal cost-effectiveness 
analyses, where quality adjusted live year’s (Qaly’s) are often the preferred outcome. In 
reproductive medicine there is little doubt that the outcome of interest is live birth. What 
society is willing to pay for an extra quality adjusted live year is set at 80.000 euro in the 
Netherlands.(Raad voor de Volksgezondheid en zorg and (Council for Public Health and 
Healthcare) 2006) What we are willing to pay for an extra live birth is unknown. To interpret 
and compare cost-effectiveness studies in reproductive medicine it is essential to set a 
willingness to pay. If a willingness to pay is set, researchers and decision makers are able to 
decide which treatment or diagnostic test is cost-effective. Therefore it is essential for future 
research to evaluate what society is willing to pay per live birth.

177

11



Chapter 11

References 
Raad voor de Volksgezondheid en zorg & (Council for Public Health and Healthcare) 2006, Zinnige en 
duurzame zorg (Sensible and Sustainable Care) http://rvz.net/uploads/docs/Advies_-_Zinnige_en_
duurzame_zorg.pdf.

van Tilborg TC, Eijkemans MJ, Laven JS, Koks CA, de Bruin JP, Scheffer GJ, van Golde RJ, Fleischer K, Hoek A, 
Nap AW, Kuchenbecker WK, Manger PA, Brinkhuis EA, van Heusden AM, Sluijmer A.V., Verhoeff A, van Hooff 
MH, Friederich J, Smeenk JM, Kwee J, Verhoeve HR, Lambalk CB, Helmerhorst FM, van der Veen F, Mol BW, 
Torrance HL, Broekmans FJ.  The OPTIMIST study: optimisation of cost effectiveness through individualised 
FSH stimulation dosages for IVF treatment. A randomized controlled trial. BMC 2012; C.Womens Health, 12.

178







&
Addendum

List of Co-authors and their Affiliations 
List of Publications 
PhD Portfolio 
Dankwoord 
About the Author





List of Co-authors and their Affiliations

List of Co-authors and their Affiliations
Prof. dr. P.M. M. Bossuyt, Clinical Research Unit, Academic Medical Center, Amsterdam, 
The Netherlands.

Prof. dr. F.J.M. Broekmans, Department for Reproductive Medicine and Gynaecology, 
University Medical Center, Utrecht, The Netherlands.

Dr. J.P. de Bruin, Department of Obstetrics and Gynaecology, Jeroen Bosch Hospital, Den 
Bosch, The Netherlands.

Drs. M.C. Cissen, Department of Obstetrics and Gynaecology, Jeroen Bosch Hospital, Den 
Bosch, The Netherlands.

Dr. M.P. Connolly, Global Market Access Solutions, Geneva, Switzerland.

Dr. J. van Disseldorp, Department for Reproductive Medicine and Gynaecology, University 
Medical Center, Utrecht, The Netherlands.

Dr. M.J.C. Eijkemans, Julius Centrum, University Medical Center, Utrecht, The Netherlands.

Prof. dr. B.C.J.M. Fauser, Department for Reproductive Medicine and Gynaecology, 
University Medical Center, Utrecht, The Netherlands.

Dr. M. Goddijn, Center for Reproductive Medicine, Department of Obstetrics 

and Gynaecology, Academic Medical Center, Amsterdam, The Netherlands.

Dr. P.G.A. Hompes, Department of Obstetrics and Gynaecology, Vrije Universiteit Medical 
Center, Amsterdam, The Netherlands.

Drs. B. Huisman, Unit of Pharmaco Epidemiology & PharmacoEconomics, Department of 
Pharmacy, University of Groningen, the Netherlands

Drs. L.L van Loendersloot, Department of Obstetrics and Gynaecologie, Academic Medical 
Center, Amsterdam, The Netherlands.

Prof. dr. B.W.J. Mol, Department of Obstetrics and Gynaecologie, Academic Medical 
Center, Amsterdam, , The Netherlands. 

drs. M.J. Nahuis, Department of Obstetrics and Gynaecology, Vrije Universiteit Medical 
Center, Amsterdam, The Netherlands.

Dr. B.C. Opmeer, Clinical Research Unit, Academic Medical Center,Amsterdam, The 
Netherlands.

Prof. dr. M.J. Postma, Department of Pharmacy, Unit of PharmacoEpidemiology & 
PharmacoEconomics, University of Groningen, The Netherlands.

183

&



Addendum

Prof. dr. S. Repping, Center for Reproductive Medicine, Academic Medical Center, 
Amsterdam, The Netherlands.

Prof. dr. F. van der Veen, Center for Reproductive Medicine, Department of Obstetrics and 
Gynaecology, Academic Medical Center, Amsterdam, The Netherlands.

Dr. H.R. Verhoeve, Department of Obstetrics and Gynaecology, Onze Lieve vrouwen 
gasthuis, Amsterdam, The Netherlands.

Dr. S.M.C. Vijgen, Dutch Healthcare Insurance Board (CVZ), Diemen, The Netherlands.

184



List of Publications

List of publications
Moolenaar LM, Mohiuddin S, Munro Davie M, Merrilees M.A., Broekmans FJ, Mol BWJ, 
Johnson N.P. High live birth rate in subsequent IVF cycle after first cycle poor response 
among  women with a mean age of 35 and normal FSH. Reprod Biomed Online. 2013; 
[Epub ahead of print].

Scholten I, Moolenaar LM, Gianotten J, van der Veen F, Hompes PGA, Mol BWJ, Steures P. 
Long term outcome in subfertile couples with isolated cervical factor. Eur J Obstet Gynecol 
Reprod Biol. 2013; [Epub ahead of print].

Moolenaar LM, van Voorhis BJ, van der Veen F. IUI is a valuable and cost-effective therapy 
for most couples. In: Schlegel PN, Fauser BC, Carrell DT, Racowsky C. eds. 2013. Biennial 
Review of Infertility, volume 3, New York: Springer, p. 185-188.

Moolenaar LM, Mol BWJ, van Voorhis B. Cost-effectiveness of Intrauterine Insemination. 
In: Cohlen B and Ombelet W. eds. 2013. IUI: Evidence-Based Guidelines for Daily Practice, 
London, Informa Healthcare.

van der Kooij SM, Moolenaar LM, Ankum WM, Reekers JA, Mol BW, Hehenkamp WJ. 
Epidural Analgesia Versus Patient-Controlled Analgesia for Pain Relief in Uterine Artery 
Embolization for Uterine Fibroids: A Decision Analysis. Cardiovasc Intervent Radiol. 2013; 
[Epub ahead of print]

Moolenaar LM, Vijgen SM, Hompes PGA, van der Veen F, Mol BWJ, Opmeer BC. Economic 
evaluation studies in reproductive medicine: a systematic review of methodologic quality. 
Fertil Steril. 2013; 99, 1689-1694.*

Verhoeve HR, Moolenaar LM, Hompes PGA, van der Veen F, Mol BWJ. Cost-effectiveness 
of tubal patency tests. BJOG. 2013; 120, 583-593.*

Hirshfeld-Cytron J, van Loendersloot LL, Mol BW, Goddijn M, Grobman WA, Moolenaar 
LM, Milad MP. Cost-effective analysis of oocyte cryopreservation: stunning similarities but 
differences remain. Hum Reprod. 2012; 27, 3639. 

van Loendersloot LL, Moolenaar LM, Mol BWJ, Repping S, van der Veen F, Goddijn M. 
Expanding reproductive lifespan: a cost-effectiveness study on oocyte freezing. Hum 
Reprod. 2011; 26: 3054-3060.* 

Moolenaar LM, Broekmans FJ, van Disseldorp J, Fauser BCJM, Eijkemans MJ, Hompes 
PGA, van der Veen F, Mol BWJ. Cost effectiveness of ovarian reserve testing in in vitro 
fertilization: a Markov decision-analytic model. Fertil Steril. 2011; 96, 889-894.*

Veersema S, Vleugels MP, Moolenaar LM, Janssen CA, Brölmann HA. Unintended 
pregnancies after Essure sterilization in the Netherlands. Fertil Steril. 2010; 93, 35-38. 

* Presented in this thesis.

185

&





PhD Portfolio

PhD Portfolio
Name PhD Student: Lobke Marjolein Moolenaar
PhD Period: June 2009 – December 2013
Name PhD Supervisors: Prof. dr. B.W.J. Mol, prof. dr. F. van der Veen & dr. P.G.A. Hompes

1. PhD Training Year Workload
General courses

 – Good Clincal Practice 2013 (0.2 ECTS) 
Ikazia Ziekenhuis, Rotterdam

 – Advanced topics in biostatistics 2011 (2.1 ECTS) 
Graduate school AMC, Amsterdam

 – Reference manager advanced 2010 (0.2 ECTS) 
Graduate school AMC, Amsterdam

 – AMC world of science 2009 (0.7 ECTS) 
Graduate school AMC, Amsterdam 

 – Clinical data management 2009 (0.2 ECTS) 
Graduate school AMC, Amsterdam

 – Clinical epidemiology 2009 (0.6 ECTS) 
Graduate school AMC, Amsterdam

 – Evidence based searching 2009 (0.2 ECTS) 
Graduate school AMC, Amsterdam

 – Practical biostatistics 2009 (1.1 ECTS) 
Graduate school AMC, Amsterdam

 – Reference manager 2009 (0.2 ECTS) 
Graduate school AMC, Amsterdam

 – Scientific writing in english for publucation 2009 (1.5 ECTS) 
Graduate school AMC, Amsterdam

 – Web of science 2009 (0.2 ECTS)    
Graduate school AMC, Amsterdam 

Specific courses
 – Advanced modelling methods for health economic evaluation 2011 (2.0 ECTS) 

University of York, Glasgow, United Kingdom
 – Advanced topics in decision making in medicine 2009 (1.5 ECTS) 

NIHES - Erasmus Winter Programme, Rotterdam
 – Systematic reviews 2009 (0.3 ECTS) 

Dutch Cochrane Center, Amsterdam

Seminars, workshops and master classes
 – Weekly Scientific meeting phD students 2008-2011  (2.0 ECTS) 

Obstetrics and Gynaecology AMC, Amsterdam
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Oral and poster presentations
 – Poster presentation, ASRM 2011, Orlando, USA 2011 (0.5 ECTS) 

Timing of Invasive Diagnostic Investigations  
for Tubal Pathology in the Fertility Work-up;  
a Markov Decision-analytic Model 
Moolenaar LM, van Geloven N, Verhoeve HR,  
van der Veen F, Hompes PGA, Mol BWJ.

 – Presentation, ESHRE 2011, Stockholm, Sweden 2011 (0.5 ECTS) 
Cost-effectiveness of Invasive Diagnostic  
Investigations for Tubal Pathology in the Fertility  
Work-up; a Markov Decision-analytic Model 
Moolenaar LM, Verhoeve HR, van der Veen F,  
Hompes PGA, Mol BWJ.

 – Poster presentation, ESHRE 2011, Stockholm, Sweden 2011 (0.5 ECTS) 
Immobilisation versus Immediate Mobilisation after  
Intrauterine Insemination: the Long Term Follow up  
and Economic Analysis. 
Scholten I, I. Custers, Moolenaar LM,  M. van Rumste,  
van der Steeg JW, Hompes PGA, van der Veen F,  
Mol BWJ, Steures P.

 – Poster presentation, NVOG juni 2011, Zwolle, Nederland 2011 (0.5 ECTS) 
Long Term Outcome in Couples with Isolated Cervical  
Factor Initially Randomized Between Expectant  
Management and Immediate Treatment 
Scholten I, Moolenaar LM, van der Steeg JW,  
Hompes PGA, van der Veen F, Mol BWJ, Steures P.

 – Presentation, Doelen 2011, Rotterdam,Nederland 2011 (0.5 ECTS) 
”Evidence Gaps” in Reproductive Medicine  
Mol BWJ, Moolenaar LM, Hompes PGA, van der Veen F.

 – Presentation, Doelen 2011, Rotterdam, Nederland 2011 (0.5 ECTS) 
Cost-effectiveness of IVF in Relation  
to Age and Ovarian Reserve testing 
Broekmans FJM, Moolenaar LM, van Disseldorp J, Mol BWJ.

 – Presentation, DSRM, juni 2010, Den Bosch, Nederland 2010 (0.5 ECTS) 
IVF Treatment and Advancing Female Age:  
A Need for a New Treatment Strategy 
Moolenaar LM, Broekmans FJM, van Disseldorp J, 

 – Fauser BCJM, Hompes PGA, van der Veen F, Mol BWJ.
 – Presentation, ECHE 2010, Helsinki, Finland 2010 (0.5 ECTS) 

IVF Treatment and Advancing Female Age:  
A Need for a New Treatment Strategy 
Moolenaar LM, Broekmans FJM, van Disseldorp J,  
Fauser BCJM, Hompes PGA, van der Veen F, Mol BWJ.
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 – Poster presentation, ESHRE 2010, Rome, Italië 2010 (0.5 ECTS) 
Cost-effectiveness of IVF Treatment in Relation to  
Female Age and Ovarian Reserve; Results  
of a Markov Decision-analytic Model 
Moolenaar LM, Broekmans FJM, van Disseldorp J,  
Fauser BCJM, Hompes PGA, van der Veen F, Mol BWJ.

 – Presentation, ESHRE 2010, Rome, Italië 2010 (0.5 ECTS) 
Cost-effectiveness of Oocyte Virtrification  
to Preserve Fertility 
Van Loendersloot LL, Moolenaar LM, Mol BWJ,  
Repping S, van der Veen F, Goddijn M.

(Inter)national conferences
 – NVOG Congres, Den Bosch, the Netherlands 2013 (0.5 ECTS)
 – NVOG Congres, Papendal, the Netherlands 2012 (0.25ECTS)
 – NVOG Congres, Den Haag, the Netherlands 2012 (0.5 ECTS)
 – ESHRE, Stockholm, Sweden 2011 (1.0 ECTS)
 – ECHE, Helsinki, Finland 2010 (0.75 ECTS)

Reviewing papers
 – Review Paper Human Reproduction 2012 (0.5 ECTS)
 – Review Paper Gynaecologic and Obstetric Investigation 2011 (0.5 ECTS)
 – Review Paper Human Reproduction 2010 (0.5 ECTS)
 – Review Paper Human Reproduction 2010 (0.5 ECTS)
 – Review Paper Human Reproduction 2009 (0.5 ECTS)

Other
 – Journal club 2008-2011  (2.0 ECTS)

2. Teaching
Lecuturing

 – Webklas Medische Informatiekunde 2008-2011 (0.8 ECTS)

Supervising
 – Student mentoring scientific research project 2011 (1.0 ECTS)
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Dankwoord

Dankwoord
Promotieonderzoek is in 4 jaar 267.209 letters schrijven om uiteindelijk één letter te 
verliezen. Het schrijven van een proefschrift en het doen van onderzoek was voor mij een 
zeer leerzame en bijzonder tijd. De afgelopen periode heb ik met veel plezier gewerkt 
aan mijn onderzoek. Een proefschrift schrijf je niet alleen, daarom wil ik iedereen die 
er aan heeft bijgedragen op deze plaats bedanken. Helaas kan ik hier niet iedereen 
persoonlijk bedanken, maar weet dat ik elke bijdrage, hoe groot of hoe klein dan ook, 
bijzonder heb gewaardeerd.

Beste promotoren, prof. dr. B.W.J. Mol, prof. dr. F. Van der Veen en co-promotor P.G.A. 
Hompes. Ik wil jullie bedanken voor de kans die jullie mij vier jaar geleden hebben 
geboden om promotie-onderzoek te doen onder jullie vleugels. Jullie interactie op de 
OFO-meetingen zorgde ervoor dat ik na iedere meeting weer een stap verder kon zetten.

Prof. dr. B.W.J. Mol. Beste Ben Willem, jouw enthousiasme en onvermoeibare werklust 
werkt aanstekelijk, al zal ik jouw tempo denk ik nooit kunnen bijhouden. Ik heb bewondering 
voor het feit dat je altijd de helicopterview blijft behouden bij de ontelbare projecten 
waar je bij betrokken bent. Ik wil je met name bedanken voor je steun bij de overstap naar 
Rotterdam. Ondanks je hoge werktempo blijf je oog houden voor wat werkelijk belangrijk 
is in het leven. Je hebt me ooit laten weten wat je het mooiste aan al je promoties vindt, 
namelijk dat de promovendus daar met haar familie aan haar zijde staat. Ik wens jou en je 
gezin heel veel geluk bij jullie nieuwe uitdaging Down Under.

Prof. dr. f. Van der Veen. Beste Fulco, ik beschouw me zeer gelukkig dat ik onder jou 
mag promoveren. Zoals veel promovendi al eerder genoemd hebben in hun dankwoord, 
kwamen stukken vaak met hoofdletters en in rood retour. Ik ken niemand die zo secuur de 
manuscripten doorspit. Je vond elke ‘trial’  in mijn manuscripten die mijn auto-correct in 
‘trail’ had veranderd. Je verliest nooit het klinische doel uit het oog en zorgde ervoor dat 
mijn stukken ondanks alle technische details leesbaar werden. Bedankt!

Dr. P.G.A. Hompes. Beste Peter, je zorgde altijd voor de vrolijke sociale noot en bracht de 
twee bovenstaande heren in balans tijdens OFO-meetingen. Je zorgde ervoor dat de kern 
waar het om ging, duidelijk werd. Bedankt voor je betrokkenheid bij mijn onderzoek.

De leden van de promotiecommissie; dr. M.G.W. Dijkgraaf, prof. dr. B.C.J.M. Fauser, prof. 
dr. C.B. Lambalk, prof dr. S. Repping, dr. M. van Wely en Prof. dr. J.L. Severens dank voor 
het beoordelen van mijn manuscript.

Alle co-auteurs van de manuscripten in dit proefschrift wil ik bedanken. Mede dankzij 
jullie heb ik dit boekje kunnen schrijven. 

Collega’s en onderzoekers van de Gynaecologie, verloskunde en CVV van het AMC. 
Inmiddels zijn we met teveel om alle namen nog te noemen, maar bij deze wil ik jullie 
bedanken voor de fijne en gezellige samenwerking. Ik wens jullie allemaal veel succes met 
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het afronden van jullie onderzoek en/of afronden van jullie opleiding. Heel veel succes 
met jullie verdere loopbaan en tot het volgende Gynaecongres.

Ingrid en Marjan. Beste Ingrid, je had altijd een luisterend oor voor ons promovendi. Bedankt 
voor je hulp tijdens mijn onderzoek. Beste Marjan, we hebben voornamelijk telefonisch en 
e-mail contact gehad, maar heel erg bedankt voor je hulp bij de organisatie van mijn promotie.

Gynaecologen van het St. Antonius Ziekenhuis te Nieuwegein. (Opleiders H.S. The en J.H. 
Schagen van Leeuwen.) Ik wil jullie bedanken voor het vertrouwen dat jullie mij hebben 
gegeven en dat ik bij jullie mijn eerste voetstappen in de Gynaecologie mocht zetten. Beste 
Bas Veersema, bedankt dat ik als jonge studente betrokken mocht zijn bij je Essure onderzoek. 

Gynaecologen van het Ikazia Ziekenhuis te Rotterdam. In 2012 mocht ik bij jullie beginnen met 
de opleiding. Ik voel mij bevoorrecht dat ik hier mag worden opgeleid, een betere start van 
mijn opleiding had ik niet kunnen wensen. Ik hoop nog veel van jullie te kunnen leren. Bedankt 
voor de mogelijkheden die jullie mij hebben geboden om mijn proefschrift af te ronden.

Collega’s van het Ikazia Ziekenhuis te Rotterdam. Bedankt voor het warme welkom, het 
voelt elke keer als ik weer een stap over de drempel zet, als thuiskomen. 

Lieve paranimfen, lieve Kimiko en Marlous. Ongeveer anderhalf jaar geleden vervulden 
jullie ook een belangrijke rol, als mijn getuigen. Ik ben er trots op dat jullie nu weer naast 
me staan. Laten we proosten op nog veel meer, nog mooiere vriendschapsjaren!

Lieve Kimiko, mijn maatje uit het AMC. Samen promoveren, samen aan de opleiding 
begonnen en nu ook samen moeder, wie had dat gedacht. Jij begrijpt als geen ander hoe 
het voelt om je promotie te combineren met je opleiding en de laatste puntjes op te “i”  
te zetten tijdens je verlof. Bedankt voor je relativerende woorden en je luisterend oor. 
Nu hebben we allebei weer meer tijd voor onze etentjes en de wijntjes mogen inmiddels 
weer! Wanneer gaan we met onze mannen naar Champagne?

Lieve Marlous, met geen woorden kan ik beschrijven hoe blij ik ben dat jij nu naast me 
staat met je steeds groter wordende buik. We leerden elkaar kennen tijdens het maken 
van de almanak voor Geneeskunde. Sindsdien hebben we samen veel meegemaakt. Ik 
waardeer je oprechtheid, je gedrevenheid, je veelzijdigheid en elke keer als ik je spreek 
staan er weer nieuwe plannen op stapel. Waar haal je de energie toch vandaan? Ik geniet 
van onze etentjes, borrels en ik kijk uit naar alle mooie momenten die nog komen. 

Pieter bedankt voor je hulp met de vectorbestanden van mijn omslag.

Lieve vrienden en vriendinnen. Ik wil jullie allemaal bedanken voor de nooit aflatende 
support, gezellige borrels en etentjes. Ik voel me rijk met jullie om me heen!

Lieve Appie & Barbera, Martin & Pauline, Olivier, Felix en Thomas & Jos. Ik had het 
niet beter kunnen treffen met jullie als schoonfamilie. Ik geniet met volle teugen van 
alle etentjes, weekendjes weg en borrels. Bedankt voor jullie interesse en steun. Appie 
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bedankt voor het kritisch bekijken van mijn Nederlandse samenvatting. Olivier en Felix, 
we gaan snel weer koekjes bakken en versieren!

Lieve Jan- Joris, wat ben ik trots op alles dat je hebt bereikt. Je bent toch echt de 
ondernemer van ons twee. Ik wens jou en Mirthe een prachtige toekomst.

Lieve Papa en mama, zonder jullie had ik hier niet gestaan. Bedankt voor jullie 
onvoorwaardelijke steun en liefde. Het is geweldig om jullie in de rol als trotse opa en 
oma te zien.

Lieve Simon & Hugo wat voel ik mij onbeschrijfelijk rijk met jullie om me heen. Woorden 
kunnen niet uitdrukken hoe blij en dankbaar ik ben met jullie in mijn leven. Mijn ‘werkstukje’ 
is af! Jullie zijn waarschijnlijk net zo blij zijn als ik, als de woorden ‘Hora est’ vallen. Ik kijk uit 
naar alle mooie avonturen die we samen nog gaan beleven. Ik hou van jullie! 
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