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In Vitro Fertilization (IVF) and IVF combined with Intra Cytoplasmatic Sperm Injection (IVF-
ICSI) have, for almost 40 years, been effective treatments for patients suffering from infertility. 
The first baby born after IVF was conceived in a natural cycle without the use of ovarian 
stimulation using exogenous gonadotropins (1). This approach resulted in just 1 or 2 oocytes 
available for fertilization and continues to be associated with poor success rates. The intro-
duction of ovarian stimulation and improved laboratory techniques resulted in a substantial 
higher number of oocytes and embryos available and a concomitant rise in the chance of 
achieving pregnancy (2,3). However, it soon became evident that multiple embryo transfer 
carried a significant risk of multiple pregnancy, which in turn led to a higher risk of adverse 
obstetrical and neonatal outcomes as well as increased healthcare costs (4,5). Physicians 
were placed in a dilemma, replacing several embryos put the patient at risk of a multiple 
pregnancy but transferring just one embryo and considering the supernumerary embryos as 
wastage was deemed unethical. In 1983 a possible solution to this dilemma was promised 
when Trounson and Mohr introduced a safe and successful technique to cryopreserve, thaw 
and transfer supernumerary embryos (6). Zeilmaker et al. reported the following year the first 
live birth after frozen-thawed embryo transfer (FET) (7). The technique described by these 
pioneers is the basis for contemporary FET programs worldwide (8).

Despite the fact that nowadays about half of all embryos transferred have been frozen-
thawed embryos, FET has not always held such a significant role in assisted reproduction 
(Figure 1) (9). As experience developed and the costs of providing a freeze and thaw service 
became clear, the added value of FET to cumulative success rates came under scrutiny (10). 
However, as laboratory techniques improved and pregnancy and live birth rates after fresh 
embryo transfer increased the need for multiple embryo transfer ceased. Identifying patients 
with a high chance of pregnancy and the subsequent adoption of transfer of a single embryo 
(eSET) reduced the incidence of multiple pregnancies but also, as a side-effect, increased 
in the number of FET cycles performed (Figure 2) (9). The introduction of blastocyst transfer 
and vitrification techniques for cryopreservation, further changed the tide for FET by improv-
ing success rates and cost-efficiency.

Extended embryo culture, resulting in the availability of blastocyst embryos, became pos-
sible around the turn of the millennium after the development and introduction of sequential 
culture media. Blastocyst embryo transfer resulted in improved embryo selection and higher 
live birth rates per embryo transferred. The high live birth rates after blastocyst embryo trans-
fer made it possible to apply eSET in greater selection of patients and after cryopreservation. 
Even though extended culture has been adopted by many clinics as standard care its use 
not undisputed (11-13). Given that not all embryos will reach blastocyst stage due to an 
arrest in development a smaller number of embryos will be available for transfer and cryo-
preservation. Due to low survival rates after slow freeze cryopreservation of both cleavage 
and blastocyst stage embryos (35% to 75%) extended culture increases the risk of failure to 
transfer after thawing (cleavage stage embryos versus blastocyst stage embryos, OR 0.35, 
95% CI 0.24 – 0.51). As a result, cumulative live birth rates do not benefit from extended 
culture (cleavage stage embryo transfer versus blastocyst stage embryo transfer, OR 1.59,  
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95% CI 1.1 – 2.3) (11). Given that vitrification results in high survival rates for both cleavage 
and blastocyst stage embryos (> 90%) it can be postulated that the results of the meta-
analyses by et al. Glujovsky might have been different if the included studies would have 
used vitrification instead of used slow-freeze cryopreservation. Compared to slow-freeze 
cryopreservation the technique of vitrification is an (cost) efficient alterative, considering that 
the technique is less complicated and time consuming (14,15). Since live birth rates after vit-
rification of blastocyst embryos approach those of fresh embryo transfer eSET protocol can 
be adopted for FET as well (16). Whether vitrification increases live birth rates after transfer 
of frozen-thawed cleavage stage embryos is unclear (17).

Figure 1: origin of embryo transfers in the Netherlands (FET: frozen-thawed embryo transfer, IVF-ICSI: fresh 
transfer after IVF-ICSI treatment, IVF: fresh transfer after IVF treatment).

Figure 2: number of embryo transfers in the Netherlands (FET: frozen-thawed embryo transfer, IVF-ICSI fresh 
transfer after IVF-ICSI treatment, IVF fresh transfer after IVF treatment).
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While the introduction of ovarian stimulation for IVF has been a key element in successful 
IVF, there is growing concern that ovarian stimulation may also have detrimental effects on 
IVF outcomes. Ovarian stimulation seems to results in diminished implantation rates and 
it may contribute to an increased risk on obstetrical and neonatal adverse events such as 
pre-eclampsia, growth restrictions and premature birth (18,19). Since implantation rates as 
well as the risk of complications after FET approaches that of spontaneous conceptions, it 
is assumed that the supraphysiological estrogen levels, as a result of hyperstimulation, are 
responsible for the increased incidence of adverse events (20-24). Indeed, those patients 
experiencing the highest estrogen levels also experience the highest obstetrical complica-
tion rates (21,22).

In order to improve both implantation rates as well as lower the risk of obstetrical complica-
tions some have proposed a ‘freeze-all’ strategy (25-27). Separation of ovarian stimulation 
and embryo transfer is already employed in specific patients e.g. women at risk of an ovarian 
hyperstimulation syndrome (OHSS). Patients experiencing an elevated progesterone level 
at the moment of ovum pick-up, also seem to benefit from a ‘freeze all’ strategy (28,29). 
Recognition of the possible benefits of segmentation of ovarian stimulation and embryo 
transfer in these specific patients has led some to advocate ‘freeze-all’ policies for all pa-
tients undergoing ovarian stimulation (18,30). Currently several randomized controlled trials 
are being conducted to further elucidate whether or not ‘freeze-all’ strategies have added 
value over the current practise (31-36). If these studies conclude in favour of ’freeze-all’ a 
further rise in the number of FET cycles is to be expected.

In order to optimize pregnancy rates after FET, synchronization of the embryo and the en-
dometrium is required. Several methods of endometrium preparation have been developed 
to achieve optimal synchronization. To understand the principles of these methods and the 
process of synchronization one should have understanding of the physiological menstruation 
cycle.

Endocrine control of the menstruation cycle
Starting during the late luteal phase and continuing into early follicular phase rising follicle 
stimulating hormone levels (FSH) recruit a cohort of antral follicles (37-39). FSH stimulates 
the granulosa cells surrounding the oocyte to proliferate and multiply, leading to a rise in 
estrogen production. Estrogen exposure increases the number of FSH receptors in the 
granulosa cells surrounding the dominant follicle, resulting in an accelerated development 
(40-42). Moreover, the amount of follicle fluid produced in the intercellular space between 
the granulosa cells increases (43). The resulting increase in follicle size can be monitored 
by ultrasound. Since the follicle size is related to the maturity of the oocyte it can be used 
to predict ovulation (44-46). Due to a negative feedback mechanisms rising estrogen levels 
decrease the available amount of FSH allowing selection of the follicle designated to ovulate. 
A higher density of FSH receptors, extensive vascularization and an estrogen rich micro-
environment within the dominant follicle results in the ability to continue development despite 
decreasing FSH levels (39, 47-49). At the end of the follicular phase FSH changes its mode of 
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action. Accompanied by estrogen and local paracrine peptides FSH induces the formation of 
receptors for luteinizing hormone (LH) (37). These receptors are necessary for the dominant 
follicle to respond to the LH surge which induces ovulation.

The follicular phase comes to an abrupt end when high estrogen levels change the pulse 
pattern of gonadotrophin releasing hormone (GnRH) production in the hypothalamus re-
sulting into a shift from dominant FSH to LH production by the pituitary gland (50). The 
subsequent LH surge results in the final maturation of the dominant follicle and in ovulation. 
A minimum duration of the LH surge for 14 - 27 hours must be maintained in order to achieve 
full maturation (51). In general, the interval between the onset of the LH surge and ovulation 
is 36 - 44 hours (52,53).

After ovulation, the remaining granulosa cells at the site of ovulation, now called the corpus 
luteum, shift from estrogen production to the production of progesterone. Under the influ-
ence of estrogen, progesterone receptors necessary to facilitate implantation of the embryo, 
have developed in the endometrium (54). If pregnancy is not achieved and human chorion 
gonadotrophin (hCG) does not stimulate the corpus luteum, the production of progesterone 
will gradually decline. Due to declining progesterone levels the endometrium deteriorates 
and menstruation starts (55). Also, the pulse frequency of the hypothalamus changes induc-
ing a shift from LH to FSH production in the pituitary gland (56,57). With this shift the process 
of recruiting follicles starts over again.

The endometrium
The above described endocrine process also has profound effects on the endometrium. To 
achieve an optimal state for implantation of the embryo, often referred to as ‘the window of 
implantation’, the endometrium undergoes a series of histological and immunological altera-
tions as well as changes in gene-expression.

During the follicular phase rising estrogen levels stimulate proliferation of the lamina 
functionalis resulting in a growing endometrial lining in the uterine cavity. Furthermore, 
exposure of the endometrium to estrogen gives rise to the formation of estrogen (ER) and 
progesterone receptors (PR) (58,59). On the other hand, progesterone exposure after 
ovulation results in an arrest in proliferation and subsequently in maturation of the glandular 
and stromal components.

There is little consensus on the exact level and duration of estrogen exposition needed for 
optimal receptor and endometrium development (54,60-64). The distribution of the receptors 
and their function are summarized in Table 1. Most studies on ER studies have focussed on 
ER-α given that ER-α knockout mice are infertile (65). Stimulation of the ER-α in the endo-
metrium results in proliferation of the functional layer of the endometrium and the induction 
of PR. ER-β seems to be mainly involved in controlling the ER-α mediated effects (66,67).
The number of PR in the endometrium also seems to be controlled by stimulation of the 
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Figure 3: endocrine control of the menstruation 
(http://sbi4u3.weebly.com/endocrine-hormones-basic-mechanisms-and-the-menstrual-cycle.html)
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ER-β (68). ER-β has been found on the vascular epithelium, suggesting that it plays a role in 
endometrial angiogenesis (58).

Two subtypes of PR have been identified each having a distinct function. Receptor subtype 
PR-A seems to play a crucial role in the transformation of the endometrium from a prolif-
erative to a secretory state (58). Stimulation of PR-B on the other hand is thought to alter 
gene-expression related to endometrial receptivity and implantation (69). Stimulation of the 
PR by progesterone opens a period of optimal endometrial receptivity (70-72). It has been 
estimated that the ‘window of implantation’ opens 6-8 days after ovulation and that it remains 
open during approximately 4 days (73). Classically, the start of the ‘window of implantation’ 
is estimated based on the moment of ovulation and the start of progesterone exposure to 
the endometrium. Endometrial receptivity arrays (ERA) provide a more ‘scientific’ approach 
for identification of the start of the ‘window of implantation’. Elucidating which genes in the 
endometrium are related to implantation has facilitated the possibility to identify the start of 
the ‘window of implantation’. Moreover, it has allowed identification of circumstances, such 
as ovarian stimulation, in which gene-expression is disordered and implantation rates might 
be diminished (74-77). To what extent these alterations in gene-expression are responsible 
for the lower implantation rates as well as the higher incidence of adverse obstetrical and 
neonatal outcomes is not known.

Endometrial preparation methods
Several endometrial preparation methods have been developed based on the understanding 
of the normal endocrine regulation of the menstrual cycle. The period of optimal endometrial 
receptivity is identified given the moment of progesterone exposure or ovulation. Thawing 
and transferring can be planned accordingly.

Artificial cycle FET (AC-FET)
Artificial cycle FET was the first method of endometrium preparation described. It was derived 
from protocols designed to synchronize donor and receiver in oocyte donation programs 
(78,79). These protocols require patients to take estrogen mimicking the proliferative phase 
of the cycle. Adding progesterone to this regime after several days imitates the mid-cycle 
shift to the secretory phase. Planning of thawing and transferring of the embryos depends 
on the start of progesterone addition. By delaying this moment, thawing and transferring can 
be delayed allowing some flexibility (78,80-83). Based on the limited available evidence no 
advise can be given on the maximum duration of estrogen supplementation (84,85). The opti-
mal duration of progesterone supplementation remains to be elucidated. AC-FET is effective 
in patients with and without an ovulatory cycle. Supplementing estrogen and progesterone 
to ovulatory patients, however, does not guarantee complete downregulation and ovulation 
does occur in approximately 5% of the cycles (86-88). If a dominant follicle is observed, signs 
of luteinisation should be ruled out, e.g. by determination of LH and progesterone levels. 
Embryo transfer in case of luteinisation might result in desynchronization between endome-
trium and embryo which can influence pregnancy rates negatively. An endometrial thickness 
of less than 7-8mm thickness is regarded as a negative predictor for pregnancy (89,90). 
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Endometrium thickness is considered insufficient in 1-3% of AC-FET cycles (86,91,92). If 
endometrial thickness is insufficient, despite raising the doses of estrogen supplemented, 
treatment cycles are usually cancelled. Both the development of a dominant follicle and 
endometrium thickness should be evaluated by ultrasound during AC-FET. 

AC-FET supplemented with gonadotrophin releasing hormones agonists (AC-FET with GnRH)
As complete downregulation is not guaranteed in patients undergoing AC-FET this treatment 
can be supplemented with the administration of GnRH agonists. At least two weeks prior to 
the start of estrogen, GnRH agonist injections, either a depot or daily injections, are admin-
istrated. Continued stimulation of the pituitary gland leads to depletion and downregulation 
of the production of both FSH and LH. When the required endometrium thickness is reached 
progesterone is added (86,91,92). Thawing and transferring of the frozen embryos is per-
formed accordingly. GnRH agonist injections can be stopped after the start of progesterone. 
Estrogen and progesterone should be continued until the start of the menstruation or at least 
during the first 8 weeks of pregnancy. Reported cancellation rates in AC-FET with GnRH are 
low (93). However, GnRH agonist have side-effects and are expensive (94-96).

Natural cycle FET (NC-FET)
In NC-FET timing of thawing and transferring is determined based on the observation or 
triggering of ovulation. This treatment, therefore, can only be performed in patients with an 
ovulatory cycle. In true NC-FET (tNC-FET) the onset of an LH surge, which causes ovulation 
of the dominant follicle, is determined. The start of the LH surge can be determined in both 
urine as blood. In modified NC-FET (mNC-FET) the development of the dominant follicle is 
observed using ultrasound, occasionally supplemented with endocrine monitoring. When 
the follicle is of sufficient size (16 - 20mm) ovulation is triggered by an injection with hCG. On 
average the interval between hCG injection and ovulation is 36 to 38 hours (52). Based on 
the moment of injection and thus the estimated moment of ovulation thawing and transferring 
is planned.

Despite the wide experience with the above mentioned protocols for endometrium prepa-
ration there is a lack of evidence to support the superiority of one method over the other. 
Ghobara et al. performed a systematic review, concluding that there is no difference in live 
birth rates between the different methods of FET preparation (97). If indeed live birth rates do 
not differ among the different treatment protocols cost-efficiency analysis or patient prefer-
ence could be decisive (98). Currently, no such studies have been published.
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Aims and outline of the thesis
Given the growing numbers of FET cycles performed worldwide, and the central role it is 
taking in routine IVF practice nowadays, there is a need for conclusive information on what 
constitutes the most effective method of endometrium preparation including information on 
cost efficiency. In this thesis we therefore aim to answer the following questions:

How does the efficiency of the most commonly used methods of endometrial preparation 1. 
for FET compare to one another?
Is AC-FET non-inferior to mNC-FET with regard to live birth rates? Should one of these 2. 
methods of endometrial preparation be preferred based on cancellation rates or cost-
efficiency?
Which endocrine events influence pregnancy and live birth rates after mNC-FET?3. 
Is there an optimal monitoring strategy in mNC-FET?4. 

In order to address these questions in this thesis, several studies have been undertaken. 

In Part One different methods of endometrium preparation will be discussed and compared 
with regard to pregnancy and live birth rates. Chapter 2 presents a systematic review and 
meta-analysis of the available studies on endometrium preparation for FET cycles. In order to 
address the research gap identified in this systematic review, we conducted a prospective ran-
domized controlled trial comparing two approaches of endometrial preparation for FET cycles 
(ANTARCTICA trial). The primary endpoint of this non-inferiority randomized controlled trial was 
live birth rate in patients after mNC-FET versus AC-FET. Secondary endpoints included clinical 
and ongoing pregnancy rates as well as cancellation rates and cost-efficiency. The study pro-
tocol is discussed in chapter 3. The results of the ANTARCTICA trial are presented in chapter 4. 
Two ‘letters to the editor’ received after publication of the ANTARCTICA trial and the response 
to these letters are also included in chapter 4.

Part Two of this thesis focuses on factors that might increase the outcome of NC-FET. Chapter 
5 describes the prevalence of LH surges at the intended moment of hCG administration in 
mNC-FET. The incidence of elevated progesterone levels and the effect on pregnancy rates 
is discussed in chapter 6. In chapter 7 the effect of endometrium thickness on ongoing preg-
nancy rates is addressed. Considering that there is a wide variety in monitoring protocols 
chapter 8 presents a multivariate analyses surveying the necessary monitoring in mNC-FET. 
Chapter 9 provides a review of the results of this thesis including a general discussion of 
future perspectives.
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Abstract 
Background: Frozen-thawed embryo transfer (FET) enables surplus embryos derived from IVF 
or IVF-ICSI treatment to be stored and transferred at a later date. In recent years the number 
of FET cycles performed has increased due to transferring fewer embryos per transfer and 
improved laboratory techniques. Currently there is little consensus on the most effective 
method of endometrium preparation prior to FET. 

Methods: Using both MEDLINE and EMBASE database a systematic review and meta-ana-
lysis of literature was performed. Case series, case control studies and articles in languages 
other than English, Dutch or Spanish were excluded. Those studies comparing clinical and 
ongoing pregnancy rates as well as live birth rates in 1. true natural cycle FET versus modi-
fied natural cycle FET, 2. natural cycle FET versus artificial cycle FET, 3. artificial cycle FET 
versus artificial with GnRH agonist cycle FET and 4. natural cycle FET versus artificial with 
GnRH agonist cycle FET were included. Forest plots were constructed, relative risks or odds 
ratios were calculated.

Results: A total of 43 publications were selected for critical appraisal and 20 articles were 
included in the final review. For all comparisons, no differences in clinical pregnancy rate, 
ongoing pregnancy rate or live birth rate could be found. Based on information provided in 
the articles no conclusions could be drawn with regard to cancellation rates.

Conclusions: Based on the current literature it is not possible to identify one method of endo-
metrium   preparation in FET as being more effective than another. Therefore all of the current 
methods of endometrial preparation appear to be equally successful in terms of ongoing 
pregnancy rate. However, in some comparisons predominantly retrospective studies were 
included leaving these comparisons subject to selection and publication bias. Also patients’ 
preferences as well as cost-efficiency were not addressed in any of the included studies. 
Therefore prospective randomized studies addressing these issues are needed.
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Introduction
Frozen-thawed embryo transfer (FET) enables the excess embryos generated by IVF and 
ICSI to be stored and utilized at a later date. This reduces wastage after IVF and increases 
the chance of conceiving after one cycle of ovarian stimulation and oocyte retrieval. In recent 
years the number of FET cycles performed has increased dramatically due to the trend 
towards transferring fewer embryos after a fresh IVF cycle, and as a result of improved labora-
tory techniques (1-8). In contrast to the complex stimulation protocols employed to stimulate 
multiple follicular growth for IVF, FET protocols are simpler, with the primary aim limited 
to adequate preparation of the endometrium to receive the thawed, transferred embryo(s). 
However, despite the growing importance of FET in the treatment of subfertility there is little 
consensus on the best method for endometrium preparation in ovulatory women (9,10).

In order to optimize pregnancy rates, the development of embryo and endometrium should 
be synchronized. This can be achieved in various ways. The simplest method of endome-
trium preparation is represented by natural cycle FET (NC-FET), in which the endocrine 
preparation of the endometrium is achieved by endogenous sex steroid production from a 
developing follicle. Timing of embryo transfer is determined by detecting the spontaneous 
LH surge or by administering human chorion gonadotrophin (hCG) to initiate luteinization. 
A frequently employed alternative approach is represented by ‘artificial cycle protocols’ in 
which exogenous estrogen and progesterone are administered, with or without co-treatment 
with gonadotrophin releasing hormone (GnRH) agonists.

Pregnancy rates in NC-FET are closely dependent on the timely identification of ovulation 
and calculation of the likely subsequent period of optimal endometrial receptivity (11,12). 
Thawing and transfer should be performed during this period. In true NC-FET, LH levels are 
regularly monitored in either blood or urine. When a rise in serum LH levels is observed, it is 
assumed that ovulation will occur 36 - 40 hours later (13). However, LH surges in urine lag 
up to 21 hours behind the appearance of the surge in blood, and this should be taken into 
consideration when interpreting urinary measurements (14-16). A further problem associ-
ated with the detection of spontaneous LH surges is the variation in timing of its occurrence 
between cycles and between patients (17). In order to assess LH levels correctly, determi-
nation should be performed at least daily, and preferably twice a day. LH urine kits have a 
large variation in thresholds, which involves the risk of up to 30% of false negative testing, 
and are often reported by patients as being difficult to interpret (16,18,19). To overcome the 
disadvantages of LH monitoring, hCG triggering of ovulation is often employed in NC-FET in 
what is termed ‘modified NC-FET’. This approach does not require LH monitoring but regular 
ultrasound evaluation of the dominant follicle is required to ensure appropriate timing of hCG 
administration. As soon as the dominant follicle is of sufficient size (17 - 18mm), hCG is ad-
ministered as a surrogate to the endogenous LH surge to trigger final oocyte maturation and 
ovulation, which takes place approximately 36 - 38 hours later (13). In both true and modified 
NC-cycles, thawing and transfer of the embryo should be performed 3 to 5 days after ovula-
tion depending on the stage of the embryo when frozen (20,21). Planning NC-FET carries 
the risk of unexpected ovulation and difficulty in ensuring timely thawing and transfer of the 
embryo. In the event of an early unexpected ovulation, treatment is usually cancelled.
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In artificial cycle FET (AC-FET), estrogen and progesterone are administered in a sequential 
regimen which aims to mimic the endocrine exposure of the endometrium in the normal 
cycle. Initially, estradiol is given in order to cause proliferation of the endometrium, while sup-
pressing the development of the dominant follicle. This is continued until the endometrium is 
observed to be 7 - 9 mm thick on ultrasound, at which time progesterone is added to initiate 
secretory changes (22). The physiological mid-cycle shift from estrogen to progesterone is 
thus emulated (23,24). The timing of embryo thawing and transfer is planned according to 
the moment of progesterone supplementation.

The administration of estradiol and progesterone does not guarantee complete pituary 
suppression, and a dominant follicle may therefore occur. Should the follicle undergo spon-
taneous luteinization then the endometrium may be exposed to progesterone earlier, risking 
incorrect timing of thawing and transferring. For this reason GnRH agonist co-treatment may 
be used to downregulate the pituitary and prevent follicular growth (AC-FET with GnRH-FET). 
Both of these AC-FET approaches require medication and are therefore less ‘physiological’, 
but the cycles are easier to plan making it popular among many patients and their doctors. 
However, it remains unclear whether any one of these approaches is superior to another with 
regard to ongoing pregnancy rate and patients preference. A previously published Cochrane 
Review addressing this issue was inconclusive (10). However, since this Cochrane review 
only included prospective studies, we decided to expand their review by including retro-
spective studies. This enabled us to review four of the most common FET protocols and 
determine which method is superior in preparing the endometrium for FET.

Material and Methods
During this systematic review we incorporated the guidelines given by both the Quorom 
statement (http://www.consort-statement.org) as well as the Prisma statement (http://www.
prisma-statement.org) as far as possible.

Search strategy
A thorough search of MEDLINE and EMBASE databases was performed using both keywords 
(natural cycle, GnRH, artificial cycle, hormonal replacement, FET, frozen, cryo-thawed) and 
MeSH terms (Gonadotropin-Releasing Hormone, cryopreservation). Criteria for inclusion in 
the analysis were randomized controlled or retrospective cohort studies comparing two of 
the following treatment entities: true NC-FET, modified NC-FET with hCG, AC-FET cycle and 
AC-FET supplemented with GnRH agonists. Comparisons between endometrium prepara-
tion methods other than the four most common (true NC-FET, modified NC-FET, AC-FET, 
AC-FET with GnRH-FET) were excluded, as were case series or case control studies and ar-
ticles in languages other than English, Dutch or Spanish. No limitations regarding publication 
dates were applied. In the initial search 27 articles were detected for possible inclusion in the 
review based on keywords, title and abstract. With a handsearch of all references another 16 
articles were retrieved. In total 43 publications were included for critical appraisal. Figure 1 
displays a flowchart of the inclusion.
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Selection of studies
Two independent reviewers (EG and AC) assessed the available articles. All articles were 
reviewed using the assessment forms for randomized controlled trials or cohort studies avail-
able on the website of the Dutch Cochrane Centre (http://dcc.cochrane.org/welkom). In case 
of conflicting opinions as to whether or not a study should be included, a third reviewer (BC) 
resolved the issue.

In nine publications no full text article was available. None of the respective authors re-
sponded to a request for further information. Two abstracts represented articles which did 
not match our language criteria and also were excluded from this review (25-33). A further 
nine articles were excluded because of inadequate methodological or statistical charac-
teristics (24,34-41). In twelve articles the outcome of review differed among the reviewers. 
Deliberation between the reviewers led to the exclusion of another five articles based on 
methodological and statistical characteristics (23,42-45). In total, 20 articles were included 
in this review (Figure 1). A summary of the characteristics of these studies is shown in Table 
1. The weighted Cohen’s kappa for inter-observer variation between the reviewers was es-
timated at 0.47 (95% confidence interval (CI) 0.2 – 0.7) representing moderate strength of 
agreement (http://vassarstats.net/kappa.html).

Figure 1: Flowchart for inclusion of studies on methods of preparing the endometrium in FET cycles for 
systematic review and meta-analysis.
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Statistical analysis
The meta-analyses were conducted using RevMan 5.1 software (The Nordic Cochrane 
Centre, The Cochrane Collaboration). The I2 statistic was used to assess statistical hetero-
geneity. An I2 > 30% was considered to denote heterogeneity. A random-effect model was 
used in case of statistical heterogeneity, a fixed-effect model in the absence of heterogene-
ity. The inverse-variance method was used to weigh the scores of individual studies. Odds 
ratios (OR) were used to pool mixed or retrospective study designs, risk ratios (RR) were 
calculated in prospective studies. The Mantel–Haenszel method was applied to estimate 
pooled effect sizes. In order to explore the robustness of our results we conducted, a priori 
specified, subgroup analyses. Studies were excluded from the meta-analysis if insufficient 
information was provided to enable standard error calculation. A two-sided significance level 
of p < 0.05 was used.

Table 1: Overview of studies included in a meta-analysis to determine the optimal means of preparing 
the endometrium in frozen-thawed embryo transfer cycles in IVF patients. (AC, artificial FET cycle; mNC, 
modified natural cycle FET; AC with GnRH, artificial with GnRH cycle; NC, natural cycle; ChP chemical 
pregnancy; CP, clinical pregnancy; OP, ongoing pregnancy; LB, life birth; tNC, true natural cycle FET.)
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Figure 2: True NC versus modified NC: pooled result of all studies.
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Figure 3: True NC versus modified NC: subgroup analysis based on luteal phase support.
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Results
True natural cycle versus modified natural cycle using hCG
Five studies, representing 2081 cycles, were identified comparing true NC-FET with modified 
NC-FET (9,46-49). The pooled result of all studies is illustrated in Figure 2. Analyses showed 
no significant difference with regard to clinical pregnancy (OR 0.9, 95% CI 0.73 - 1.1), on-
going pregnancy (OR 1.0, 95% CI 0.66 - 1.6) and live birth (OR 0.28, 95% CI 0.63 - 1.1). In 
two of the five studies luteal support was used (48,49). In order to explore the effect of luteal 
phase support a subgroup analysis was performed. Based on the reported outcomes this 
comparison was only possible for clinical pregnancy rate and ongoing pregnancy rate. 
Clinical pregnancy rates were comparable between the studies using luteal phase support 
and those without luteal phase support (OR 0.8, 95% 0.60 - 1.0 versus OR 1.1, 
95% CI 0.73 - 1.8, respectively). Test for subgroup differences showed no significant 
difference between both subgroups (p = 0.16). Moreover, comparable results were 
observed in ongoing pregnancy rates with and without luteal phase support, respectively 
(OR 0.8, 95% CI 0.62 - 1.1 versus OR 1.5, 95% CI 0.58 – 4.0) and there was no significant 
difference between subgroups (p = 0.23) (Figure 3).

Natural cycle versus artificial cycle
Eight retrospective studies representing 8149 cycles (46,49-55) and one randomized con-
trolled trial (56) representing 114 cycles were included. In 7 studies luteal phase support was 
used (49-55). No significant difference in clinical pregnancy rates was obtained (OR 1.2, 
95% CI 0.94 - 1.5). The pooled result of the retrospective studies is consistent with the only 
included prospective study. No significant difference in either ongoing pregnancy rates 
(OR 1.2, 95% CI 0.95 - 1.5) or live birth rates (OR 1.2, 95% CI 0.93 - 1.6) were observed 
(Figure 4). Tests for heterogeneity showed evidence for a high level of heterogeneity for 
all endpoints.

Subgroup analysis of true NC-FET versus AC-FET and modified NC-FET versus AC-FET was 
performed. Figure 5 displays the corresponding forest plots. Comparing true NC-FET versus 
AC-FET as well as modified NC-FET versus AC-FET no significant difference was shown with 
regard to clinical or ongoing pregnancy rates and live birth rates. Tests for subgroup differ-
ences failed to show significant differences. Despite subgroup analysis a substantial degree 
of heterogeneity remained for some of the outcomes.

A second subgroup analysis was performed based on the use of luteal phase support. 
Regarding the reported outcomes of all studies this could only be performed for clinical preg-
nancy rate. The pooled result of those studies using luteal support (OR 1.1, 95% CI 0.88 - 1.4) 
was comparable to the pooled result of studies without luteal phase support (OR 1.5, 
95% CI 1.0 - 2.3). Test for subgroup differences showed no significant differences 
(p = 0.19) (Figure 6).
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Figure 4: NC versus AC: pooled result of all studies.
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Figure 5: 
NC versus AC: 
subgroup 
analyses based 
on the type of 
NC-FET.
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Natural cycle versus artificial cycle supplemented with GnRH agonist
Four retrospective (number of cycles = 2513) and one prospective quasi-randomized con-
trolled study (number of cycles= 304) were included (57-61). Analysing clinical pregnancy 
rates of the retrospective studies alone yielded the same results as when pooling all stud-
ies, namely that there is a small significant difference in clinical pregnancy rates (OR 0.82, 
95% CI 0.66 – 0.97). No significant result was also obtained for live birth rates (OR 0.79, 
95% CI 0.52 - 1.2) (Figure 7). There was a variable level of heterogeneity among the in-
cluded studies for all outcomes.

Artificial cycle versus artificial cycle supplemented with GnRH agonist
Three prospective studies which represented 622 cycles were included (62-64). No differ-
ences in clinical pregnancy rate were observed (OR 0.79, 95% CI 0.43 - 1.4) (Figure 8) and 
considerable heterogeneity was detected.

Figure 6: NC versus AC: subgroup analyses based on luteal phase support.
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Discussion
In line with a previously published systemic review this meta-analysis revealed no significant 
advantage of one specific approach to prepare the endometrium for FET in terms of clinical 
pregnancy rates or live birth rates (10). Most studies included in this review have a retro-
spective character. This poses the risk of publication and/or selection bias. Moreover, the 
allocation in the various studies was based on different parameters leading to differences 
in methodology. Therefore, it is not possible to exclude a small but clinically significant dif-
ference in outcomes between the approaches analysed. Also, secondary outcomes, such 
as cancellation rates and cost efficiency, could not (based on the available studies) be ad-
dressed in this review. Therefore, there remains a need for prospective randomized studies 
to clarify which approach, if any, may improve clinical pregnancy rate after FET, which is the 
most efficient and cost-effective, and which is associated with the lowest patient burden. 
Only then can the optimal approach be discerned.

Figure 7: NC versus AC with GnRH agonist: pooled result of all studies.

Figure 8: AC versus AC with GnRH agonist: pooled result of all studies.
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The comparison true NC-FET versus modified NC-FET has not been previously addressed in 
any systematic review. No significant benefit of any one treatment over another with regard 
to clinical pregnancy, ongoing pregnancy or live birth was observed. However, this conclu-
sion is based on pooling a limited number of both retrospective and prospective studies. 
When comparing the result of the pooled data with the outcome of individual studies, all but 
one study showed no difference in clinical and ongoing pregnancy rate (47). Based on this 
observation we concluded that the result from the pooled data is representative. With regard 
to true NC-FET versus modified NC-FET, there is a clear need for additional randomized 
controlled trials of sufficient statistical power in order to identify the most efficient NC-FET.

Two prospective randomized studies comparing true NC-FET versus modified NC-FET have 
been performed (47,48). The common endpoint in both studies was ongoing pregnancy. The 
contradictory results of these studies cannot be explained by differences in patient charac-
teristics but there are differences in treatment protocols that might have contributed to the 
opposing results. In the study by Weissman et al. no additional hCG was given if a significant 
LH surge was observed and the transfer was not performed. An LH surge at the moment 
of hCG administration was not a cancellation criterion for continuing treatment in the study 
by Fatemi et al. (47). This might be an explanation for the difference in outcomes. However, 
since previous studies have not shown a negative influence of the presence of an LH surge 
at the moment of hCG injection, this explanation is questionable (65,66). Another difference 
between the studies was luteal phase support, which might have influenced pregnancy rates 
and contributed to the contradictory results. In the study by Weissman et al. luteal phase 
support was given (48). There are few studies published regarding luteal phase support 
in natural cycle FET. Kyrou et al. showed in their retrospective analysis no benefit of luteal 
phase support in patients undergoing modified NC- FET (67). Others showed a similar result 
in patients receiving true NC-FET (68). Bjuresten et al. however, showed higher live birth 
rates in patients undergoing true NC-FET with luteal support (69). Based on the conflicting 
results of the previously mentioned studies we conclude that currently there is too little evi-
dence supporting a positive effect of luteal phase support in patients undergoing NC-FET. 
Therefore, luteal phase support does not seem to explain the contradictory results found in 
the studies of Fatemi et al. and Weissman et al. Both studies included a small number of 
patients, subjecting them to a type 2 error.

Some have suggested a possible detrimental effect of hCG on pregnancy rates in NC-FET 
(47,70,71). However, the results presented in this review do not support a negative influence 
of hCG on outcomes from NC-FET. In all studies, embryo thawing in true NC-FET was usually 
timed by combining determination of estradiol, progesterone or LH with ultrasound. Timing 
true NC-FET in such a manner improves accuracy but is burdensome and costly. LH kits for 
ovulation detection might offer a simpler alternative. However, as stated above, ovulation 
detection using LH urine kits has several pitfalls (16,18,19). Irrespective of the method of 
ovulation detection in true NC-FET, a substantial amount of monitoring is involved. Modified 
NC-FET involves less (ultrasonic) evaluation due to the hCG administration compared to true 
NC-FET and might therefore place less burden on patients and doctors (48). As far as we 
are aware, there are no published studies comparing patient preference or cost-efficiency 
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with regard to the different methods of monitoring in NC-FET. However, Weissman et al. 
did analyse the number of visits needed per cycle and extrapolated the number of visits to 
calculate cost-efficiency and patient preference (48). This approach is pragmatic but may 
represent a simplification of reality. A properly conducted cost-efficiency calculation, also 
including patient preference, should be performed, perhaps as part of a future randomized 
controlled trial.

Only one prospective randomized controlled trial has been performed comparing NC-FET 
versus AC-FET. This study by Cattoli et al. included 111 patients and showed no difference 
in pregnancy rates (56). Ghobara and Vanderkerckhove did address NC-FET versus AC-FET 
in their review, but since only one randomized controlled trial was available, no conclusions 
could be drawn (10). In the present meta-analysis a substantial number of retrospective 
studies were included, which introduces the risk of selection, information and reporting bias. 
Some of the studies compared NC-FET in ovulatory women with AC-FET in patients with 
irregular cycles. Since anovulatory patients do not luteinize unaided and therefore have a 
smaller risk of cycle cancellation because of follicular development. This might have given a 
distortion of cancellation rates and influenced pregnancy rates compared to when only ovu-
latory patients had been included. Based on the outcome of the comparison between true 
NC-FET versus modified  NC-FET, no difference was to be expected when performing sub-
group analyses, splitting true NC-FET versus AC-FET and modified NC-FET versus AC-FET.

Several different protocols for AC-FET have been used. Most studies used oral micronized 
estradiol 4-6 mg per day. Two studies used transdermal estradiol patches. As far as we 
know there are no studies comparing oral estradiol with transdermal estradiol with regard 
to preparation of endometrium in AC-FET. Comparing the reported estradiol levels and en-
dometrium thickness in the studies included in this review there seems to be little difference 
between the different regimes (49,53). Both estradiol levels and endometrium thickness were 
comparable between both modes  of administration. We believe that the mode of administra-
tion of estradiol is of little significance with regard to (ongoing) pregnancy rates in AC-FET. 
The moment of commencing estradiol supplementation differed but all studies started before 
the 4th day of the cycle. Timely starting estradiol reduces the change of unwanted follicular 
development and thus ovulation. Since cancellation rates based on follicular development 
were not described in any of the studies it is not possible to analyse the influence of the start 
day of estradiol administration.

With regard to progesterone administration, progesterone was supplemented using either 
vaginal suppositories, vaginal gel or intra-muscular injection. Glujovsky et al. showed in their 
systematic review no difference in pregnancy rates in patients undergoing donor FET receiv-
ing vaginal versus intra-muscular administration of progesterone (72). We therefore conclude 
that the mode of progesterone administration does not seem to influence pregnancy rates 
and can be performed based on patient and doctor preference. In all studies, the start of 
progesterone was determined based on the endometrium thickness (7-8mm). This in line 
with the fact that not duration of estradiol supplementation but the endometrium thickness 
should be the leading factor in determining the start of progesterone (20,22). Several studies 



43

ch
ap

te
r 

 2

suggest a positive effect on pregnancy rates of a thickened endometrium in FET (22,73,74). 
Since estrogen levels are higher in AC-FET compared to NC-FET one would expect a thicker 
endometrium in AC-FET (53,34,66). Significant differences in endometrium thickness, how-
ever, were not observed (49,53). There has been an ongoing discussion about the influence 
of unphysiological levels of estrogen on endometrium quality. Some suggest that higher 
levels of estrogen lead to alteration in features of the endometrium and moment of closure 
of the window of implantation (75,76). This seems to be mainly the case during IVF treat-
ment. However, serum estrogen levels tend to be higher in AC-FET compared to NC-FET 
(49,53). Based on the thesis described above, this could result in lower pregnancy rates 
in AC-FET. Given that this effect is not observed, the proclaimed effect of higher estrogen 
levels in AC-FET should be further elucidated. NC- FET poses the risk of unobserved ovula-
tion. If ovulation occurs without notice, accurate planning of embryo thawing and transfer is 
not possible, which results in cycle cancellation (7-12%) (47,59). Since AC- FET does not 
guarantee complete downregulation, luteinization may occur in 5% of the cases (63). Not 
all the included studies addressed cancellation rates. From a cost-efficiency perspective, 
this aspect is of great importance and should be taken into account in future studies. Luteal 
phase support was applied in some of the studies comparing NC-FET versus AC-FET and 
different methods of luteal phase support were used. A recent Cochrane review showed 
no difference in (ongoing) pregnancy rates between different methods of luteal support in 
patients undergoing ‘fresh’ IVF or ICSI treatment (77). The use of synthetic progesterone in 
patients undergoing IVF or ICSI treatment did lead to higher pregnancy rates compared to 
natural progesterone. The studies included in our review all used natural progesterone. As 
stated before there is little evidence on the subject of luteal phase support in NC-FET and this 
should be a subject of further research.

Since no significant difference in pregnancy rate was observed the choice for either natural 
cycle or artificial cycle should be made based upon other factors, such as the number of 
cancelled cycles, the number of hospital visits to plan FET, possible serious adverse events 
and side-effects of medication, hospital and IVF laboratory logistics and patient or doctor 
preference. To the best of our knowledge there are no publications that address these fac-
tors and thereby facilitate decision-making by the doctor and patient.

When comparing NC-FET with AC-FET with GnRH no significant difference in clinical preg-
nancy or live birth rate was found. All studies included, except Tanos et al., were retrospective 
studies (61). Due to the design of the included studies,  inclusion and reporting bias cannot 
be completely ruled out. In a review, this comparison was not addressed because of the lack 
of randomized controlled trials (10).

Significantly higher cancellation rates have been reported in NC-FET (17.4%) versus AC-FET 
with GnRH (4.5%) (59). This is thought to be due to the preventive effect of downregulation 
with regard to luteinization and ovulation. Cancellation rates were not addressed in any of the 
other studies. Taking cancellation rates into account, using a GnRH agonist might be more 
efficient in these terms, but it does complicate and increase the cost of the regimen. Since 
no well-designed prospective randomized studies have been performed, the suggested 
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beneficial effect of AC-FET with GnRH over NC-FET needs to be investigated in future ran-
domized controlled trials, including cost-efficiency analyses.

Three randomized controlled trials studied AC-FET versus AC-FET with GnRH and no sig-
nificant difference was found with regard to clinical pregnancy rates. In two studies strict 
ultrasound surveillance for signs of ovulation in both treatment entities was performed and 
treatment was cancelled in 1 of 4 patients, respectively, based on signs of luteinization 
(62,78). All cancellations were in patients receiving AC-FET. El-Thouky et al. only monitored 
endometrium thickness (22). As stated before, luteinization occurs in 5% of all artificial cycles 
without downregulation. If embryo thawing and transfer is performed in this context, subop-
timal synchronization between embryo and endometrium may result. Indeed, unobserved 
luteinization, and thus incorrect timing of thawing and transfer, might explain the positive 
effect of AC-FET with GnRH found by El-Thouky et al. Cancellations were discussed in all 
studies but the prevalence was too low to perform a robust comparison. Neither cost-efficien-
cy nor side-effects and patient preference were addressed in any of these studies. Moreover, 
all three studies applied different protocols in the AC-FET as well as the AC-FET with GnRH.

We conclude that it is not possible, based on the current published literature, to recom-
mend one endometrial preparation method in FET over another. The number of randomized 
controlled trials is limited and small numbers of patients are included. Future prospective 
randomized controlled trials should not only address pregnancy rates but also consider 
convenience and cost efficiency. With the growing number of FETs being undertaken, the 
subject of methods of endometrial preparation in FET clearly requires further research.
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Abstract
Background: Frozen-thawed embryo transfer (FET) is a cost-effective adjunct to IVF or IVF-
ICSI treatment. In order to optimize treatment outcome, FET should be carried out during a 
period of optimal endometrial receptivity. To optimize implantation several methods for endo-
metrium preparation have been proposed. In natural cycle FET (NC-FET), the endometrium 
develops under endogenous hormonal stimulation. The development of the dominant follicle 
and endometrium is monitored by ultrasound and FET is timed after triggering ovulation 
induction or determination of the spontaneous LH surge. In an artificial cycle FET (AC-FET) 
estrogen and progesterone are administered to prepare the endometrium for implantation. 
While the currently available data show no significant difference in pregnancy rates between 
these methods, well designed randomized controlled trials are lacking. Moreover there is 
little literature on difference in cancellation rates, cost-efficiency and adverse events.

Methods and design: In this randomized, multi-centre, non-inferiority trial we aim to test the 
hypothesis that there is no significant difference in live birth rates between patients undergo-
ing NC-FET versus AC-FET. The primary outcome will be live birth rate per embryo transfer 
procedure. Secondary outcomes will be ongoing and clinical pregnancy rate, cancellation 
rate, (serious) adverse events and cost-efficiency. Based on a live birth rate of 20% and a 
minimal clinical important difference of 7.5% (one-sided alpha 2.5%, beta 20%) a total of 
1150 patients will be needed. Analyses will be performed using both per protocol as well as 
intention to treat analyses.

Discussion: This prospective, randomized, non–inferiority trial aims to address the hypothesis 
that there is no significant difference in live birth rates between patients undergoing NC-FET 
versus patients undergoing AC-FET. Moreover it addresses cost-efficiency as well as the 
perceived burden of both treatments.

Trial register: Netherlands trial register (NTR): 1586
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Background
In Vitro Fertilization (IVF) or Intra Cytoplasmatic Sperm Injection (ICSI) treatment cycles often 
produce more embryos than can be transferred during the fresh treatment cycle. Moreover, in 
some patients embryo transfer is postponed for medical reasons (e.g. ovarian hyperstimula-
tion syndrome). Cryopreservation of these embryos provides both physicians and patients a 
safe, successful and presumably cost-efficient option (1-3). Recent development and imple-
mentation of single embryo transfer strategies in IVF and IVF-ICSI programs has increased 
the importance of successful frozen-thawed embryo transfer (FET) programs. Critical for a 
successful FET program is synchronization between the endometrial development and the 
embryo (4-7). To achieve this, FET requires extensive preparation, timing and planning. In 
recent years, several methods for endometrium preparation have been developed. In natural 
cycle FET (NC-FET) planning of embryo thawing and transfer requires the identification of a 
period of optimal receptivity (4-7). This putative ‘window of implantation’ starts shortly after 
ovulation. If an embryo is transferred within this window, the chances of conceiving are greater 
(5-7). Planning NC-FET can either be done based on recognition of the LH surge that pre-
cedes ovulation (using serum or urine LH monitoring) or by triggering ovulation (sometimes 
referred to as modified NC-FET). Using modified NC-FET, the development of the dominant 
follicle is closely monitored by regular ultrasonic evaluation. On reaching a diameter of 16 
-20 mm human chorionic gonadotrophin (hCG) is administered and ovulation takes place 
approximately 36 hours later. Embryo thawing and transferring can be planned accordingly. 
Despite ultrasonic monitoring, spontaneous ovulations do occur. In such an event the start of 
the window of implantation cannot be estimated accurately. Since identification of the onset 
of the window of implantation is mandatory for further timing of FET, cycles with spontaneous 
ovulation are usually cancelled. To minimize cancellation, patients are required to visit their 
clinic several times which is time consuming and expensive. In NC-FET cycles, 5-6% of all 
patients have insufficient development of the dominant follicle and/or endometrium thickness 
and treatment has to be cancelled (8). However, a clear advantage of NC-FET is the fact that 
it does not require patients to take medication for several weeks. In summary, NC-FET has 
the advantage of not requiring medication but this advantage is balanced against the need 
for frequent ultrasonic evaluation of the dominant follicle, the risk of unexpected ovulation and 
the risk of insufficient development of the endometrium and/or dominant follicle. Due to these 
factors NC-FET is more difficult to plan. Because of the above mentioned disadvantages 
an artificial FET (AC-FET) has been developed. This treatment, which was originally devel-
oped for patients undergoing oocyte donation, was also found to be successful for patients 
undergoing FET treatment (9). During AC-FET patients start with daily estradiol which are 
supplemented with progesterone when the endometrial thickness is considered sufficient. 
Patients have to take these drugs for several weeks. The main advantage of this treatment is 
that it requires little ultrasonic monitoring and therefore is more easily scheduled placing less 
burden on both patients and doctors agenda’s. Moreover, planning thawing and transfer is 
flexible and can be performed based on convenience. Some also claim that supplementing 
estradiol reduces cancellation rates due to insufficient endometrium thickness compared 
to NC-FET. The main disadvantages of AC-FET are possible side-effects and higher risk of 
thrombo-embolic events (10,11).
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In recent years several, retrospective, studies comparing live birth rates in both NC-FET 
and AC-FET have been published. Both Morovoz et al. and Chang et al. concluded that 
NC-FET results in higher pregnancy rates (12,13). However, in a retrospective analysis of 
1677 FET cycles, Givens et al. observed no difference in pregnancy rates between NC-FET 
and AC-FET. Pregnancy rates did not differ significantly between both groups (14). These 
results were consistent with those of others (15-17). A recent Cochrane review on treatment 
regimes in FET concluded that current evidence does not demonstrate a significant differ-
ence in pregnancy rates between these methods of endometrial preparation. However, the 
authors highlighted the need for further a well-designed, adequately powered randomized 
controlled trial (18).

To the best of our knowledge there is no literature on available discerning which regimen pa-
tients prefer, which has fewer side effects, or which is the most cost effective (19). If live birth 
rates indeed are equal in NC-FET and AC-FET the perceived burden of both treatments, con-
venience and cost-efficiency might be important factors in choosing one of both options.

Methods and design
Study objective 
When it comes to planning FET treatment several questions remain. Although retrospective 
trials found no significant difference in pregnancy rates there is little literature on other as-
pects such as side-effects and cost-efficiency. This prospective, randomized, controlled trial 
aims to address these questions. All patients participating in the ANTARCTICA trial will also 
be invited to fill in questionnaires regarding the perceived burden of both treatments. The 
protocol for this study (Penguin-study) will be discussed separately.

Hypothesis 
The hypothesis to be tested is that there is no significant difference in live birth rates be-
tween NC-FET and AC-FET, but that NC-FET is more cost effective. Since the expected low 

Figure 1: flowchart eligible patients
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incidence of serious adverse events we expect to find no significant difference based on a 
type 1 error.

Study design 
The ANTARCTICA trial is a multi-center, randomized controlled trial, powered to demonstrate 
non-inferiority of NC-FET in terms of the primary study end point. A recent systemic review 
of current literature identified no other randomized controlled trials addressing this subject. 
Several retrospective studies have shown discrepant findings but pooling of the data indi-
cated no difference in pregnancy rates between NC-FET and AC-FET. Since our hypothesis 
is that significant difference in the primary study endpoint will not be observed, but a differ-
ence in cost-efficacy in favor of the NC-FET will be demonstrated, a non-inferiority design is 
appropriate. The research team is blinded for the result of the randomization (Figure 1).

Study population and recruitment 
Patients participating in the ANTARCTICA trial are between the age of 18 and 40 and are 
undergoing FET after their 1st, 2nd or 3rd IVF or IVF-ICSI cycle for various indications. They 
must all have ovulatory cycles between 26 and 35 days and be willing to give written informed 
consent to participate in the study. Those patients who have a known contra-indication or 
allergy for oral estradiol or vaginally administered micronized progesterone are not eligible. 
Patients with a uterine anomaly are also excluded from participation. Oocyte donation for any 
other than a genetic indication is also an exclusion criterion. Eligible patients are informed 
about the ANTARCTICA trial during intake by their physician prior to FET cycle. A minimum 
reflection period of 5 days will be offered. Eligible patients who wish to participate will be 
randomized after providing written consent. If an eligible patient declines participation, some 
basic characteristics will be obtained to identify any significant selection bias.

Primary and secondary endpoints 
The primary endpoint is live birth rate per FET. Secondary endpoints are cancellation rate, 
clinical pregnancy rate, ongoing pregnancy rate (all per FET), endometrium thickness during 
transfer and (serious) adverse events. Moreover cost-efficiency calculations will be per-
formed.

Participating hospitals 
Both secondary and tertiary fertility clinics performing IVF and IVF-ICSI treatment are invited 
to participate in the ANTARCTICA trial. At present 15 Dutch fertility clinics are actively enroll-
ing patients. Two further clinics will join, pending approval by their local ethics committee.

Randomization 
Randomization is performed using a web based randomization program, based on restricted 
randomization with allocation clusters of alternating sizes. Allocation is based on a 1:1 as-
signment. Stratification for the initial treatment (IVF versus IVF-ICSI) is performed. Since live 
birth rates might differ between clinics, each clinic has its own blinded allocation list.
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Data collection 
Data collection is performed using a web-based case report form (electronic CRF or eCRF). 
Basic data on patients’ general history and specific fertility history are obtained from the 
out-patient clinic chart. Characteristics of the initial treatment as well as characteristics of the 
FET treatment are also noted. For the cost-efficiency study patients are invited to answer a 
web-based questionnaire after completing treatment.

Interventions  
NC-FET (intervention 1): 
Patients allocated to intervention 1 will undergo their FET in a natural cycle. Starting on day 
10, 11 or 12 of their cycle regular ultrasonic evaluation of the endometrium thickness and 
mean diameter of the dominant follicle is performed. When the endometrium is 6mm or more 
and the diameter of the dominant follicle is 16 - 20mm a blood sample is taken (for blind-
ed analyses of progesterone and LH levels) and ovulation is induced using hCG injection 
(Pregnyl® 5000 IE, Merck Sharpe Dohme USA or Ovitrelle® 250 µgram, Serono Benelux bv, 
Germany). Thawing and transferring is performed subsequently according to local protocols. 
A maximum of two embryos will be transferred. If during ultrasonic evaluation no follicle is 
visible ovulation is deemed to have occurred. In this event no thawing or transferring will take 
place. This cycle is regarded a drop-out. Further treatment can be conducted according to 
local protocols (Figure 2). 

Figure 2: flowchart intervention 1 (natural cycle)
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AC-FET (intervention 2): 
If patients are allocated to intervention 2, an artificial cycle FET will be performed. From 
day one of the cycle patients commence oral estradiol (Progynova®, Bayer, Germany) 2 mg 
three times daily. After 11, 12 or 13 days an ultrasound is performed. If no leading follicle 
is present and the endometrial thickness is ≥ 8mm, micronized progesterone (Utrogestan® 
Besins International, Belgium) is added to the regime and thawing and transferring is com-
menced 4 or 5 days later according to the stage of cryopreservation (20). If the endometrial 
thickness is less than 8mm, the Progynova® dose is raised to 2 mg 4 times daily for 7 days. 
After a week the endometrium is checked once again. When the endometrium thickness is ≥ 
8mm and no dominant follicle ( ≥ 14mm) is present, Utrogestan® can be added and thawing 
and transferring is performed according to local protocols. A maximum of two embryos will 
be transferred. If a follicle is visible during ultrasound, serum luteinizing hormone (LH) and 
progesterone levels are determined. If these are raised, (serum LH ≥ 13 IU/l or progesterone 
≥ 15 nmol/l) luteinization of the follicle is considered to have taken place and because of the 

Figure 3: flowchart intervention 2 (artificial cycle)
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associated diminished pregnancy rates, thawing and transferring will not be performed. If 
serum levels are below the above mentioned levels thawing and transferring can be per-
formed according to local protocol (Figure 3).  Embryo quality is recorded according to study 
criteria. These criteria can be used beside clinics’ own criteria. The criteria for embryo quality 
are based on the consensus between the largest participating centres.

Statistical analysis
Sample size and power considerations 
Live birth rates in FET treatment in the Netherlands are, on average, 20% per cycle. The 
minimal clinical important difference could not be based on literature concerning FET treat-
ment alone. Based on other studies within fertility care a consensus of a minimal clinical 
important difference of 7,5% was adapted. This clinical important difference compares to a 
one sided hypothesis test with a 0.025% significance level with a null hypothesis of AC-FET 
being inferior to NC-FET. Using a two-sided alpha of 5% and 80% discriminating capacity 
we calculated that 1150 patients have to be enrolled in this study. All patients will participate 
with one cycle only.

Data analysis 
Statistical analyses will be performed using a per protocol analyses. The primary endpoint 
in this study is live birth rates in both treatments. Since intention-to-treat analyses is more 
adequate for implementing the results of this study in daily fertility practice such an analyses 
will be performed also besides a per-protocol analysis. Using logistic regression analysis 
confounding factors will be analysed. These factors include age during initial treatment, du-
ration of the subfertility, number and quality of the embryos transferred and outcome of initial 
treatment. Selection of these criteria is based on current opinion in literature (20-23). A com-
parison of baseline characteristics of enrolled patients with the baseline characteristics of 
patients who refused enrollment will be performed to exclude selection bias. Secondary end-
points are clinical and ongoing pregnancy rates, cancellation rate, endometrium thickness 
and (serious) adverse events. Most secondary endpoints will be analysed using a Fishers’ 
exact test; endometrium thickness will be analysed using a student t-test. Cost-efficiency 
of both treatments will be calculated on the ratio between differences in cost and live birth 
rates.

Ethics 
This study is designed using the guidelines for good clinical practice as well as the decla-
ration of Helsinki. Approval was obtained from both national (CCMO) and Medical Ethics 
Committee of the Isala Clinics in Zwolle. For each participating hospital approval of the local 
Medical Ethics Committee was requested. According the ‘good clinical practise’ guidelines 
written informed consent prior to randomization will be mandatory.
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Discussion
With this study we aim to clarify whether NC-FET and AC-FET do not differ significantly in live 
birth rates. Moreover we hope to provide some answers regarding secondary endpoints and 
cost-efficiency. The use of hCG in planning NC-FET remains a subject of debate. In recent 
years both randomized prospective studies as well as retrospective studies have been pub-
licized with conflicting results. In this study NC-FET based on ovulation induction was chosen 
after careful considerations. There are several issues when using LH determination for timing 
FET (24). Also there is no information on whether pregnancy rates could be improved if we 
would adjust planning of thawing and transfer according to the presence of LH surge. To 
the best of our knowledge, no such studies have been conducted in patients undergoing 
ultrasound monitored unstimulated cycle FET.

Due to the lack of literature in FET treatment some of our decisions regarding study design 
and statistical analyses (e.g. minimal clinical important difference) had to be made based on 
IVF literature in general. With 15 clinics participating the actual live birth rate might differ from 
clinic to clinic. Choosing both an overall analyses as well as analyses per clinic the authors 
hope to gain insight in this matter. Moreover choosing a minimal clinical important difference 
of 7,5% results in a relative high number of patients needed for sufficient statistical power. In 
designing this study, careful consideration was therefore required of the feasibility of meet-
ing recruitment targets, and what steps could be taken to limit obstacles to recruitment. With 
these considerations, and the participation of 15 clinics, we consider this study to be achiev-
able within the planned time frame of 4 years.
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Abstract
Study question: Are live birth rates after artificial cycle frozen-thawed embryo transfer 
(AC-FET) non-inferior to live birth rates after modified natural cycle frozen-thawed embryo 
transfer (mNC-FET)?

Summary answer: AC-FET is non-inferior to mNC-FET with regard to live birth rates, clinical 
and ongoing pregnancy rates but AC-FET does result in higher cancellation rates.

What is already known: Pooling prior retrospective studies of AC-FET and mNC-FET results in 
comparable pregnancy and live birth rates. However, these results have not yet been con-
firmed by a prospective randomized trial.

Study design, size and duration: In this non-inferiority prospective randomized controlled trial 
(acronym ‘ANTARCTICA’ trial), conducted from February 2009 to April 2014, 1032 patients 
were included of which 959 were available for analysis. The primary outcome of the study was 
live birth. Secondary outcomes were clinical and ongoing pregnancy, cycle cancellation and 
endometrium thickness. A cost-efficiency analysis was performed.

Participant/materials, setting, methods: This study was conducted in both secondary and ter-
tiary fertility centres in the Netherlands. Patients included in this study had to be 18 - 40 years 
old, had to have a regular menstruation cycle between 26 and 35 days and frozen-thawed em-
bryos to be transferred had to derive from one of the first three IVF or IVF-ICSI treatment cycles. 
Patients with a uterine anomaly, a contraindication for one of the prescribed medications in this 
study or patients undergoing a donor gamete procedure were excluded from participation. 
Patients were randomized based on a 1:1 allocation to either one cycle of mNC-FET or AC-FET. 
All embryos were cryopreserved using a slow-freeze technique.

Main results and the role of chance: live birth rates after mNC-FET was 11.5% (57 / 495) versus 
8.8% in AC-FET (41 / 464) resulting in an absolute difference in live birth rates of -0.027 in favour 
of mNC-FET (95% confidence interval (CI) -0.065 – 0.012; p = 0.17). Clinical pregnancy occurred 
in 94 / 495 (19.0%) patients in mNC-FET versus 75 / 464 (16.0%) patients in AC-FET (Odds ratio 
(OR) 0.8, 95% CI 0.6 - 1.1, p = 0.25). 57 / 495 (11.5%) mNC-FET resulted in ongoing pregnancy 
versus 45 / 464 (9.6%) AC-FET (OR 0.7, 95% CI 0.5 - 1.1, p = 0.15). χ2 test confirmed the lack of 
superiority. Significantly more cycles were cancelled in AC-FET (124 / 464 versus 101 / 495, 
OR 1.4, 95% CI 1.1 - 1.9, p = 0.02). The costs of each of the endometrial preparation methods 
were comparable (€ 617.50 per cycle in NC-FET versus €625.73 per cycle in AC-FET, p = 0.54).

Limitations, reasons for caution: The minimum of 1150 patients required for adequate statisti-
cal power was not achieved. Moreover, live birth rates were lower than anticipated in the 
sample size calculation.

Wider implications of the findings: Live birth rates after AC-FET were not inferior to those 
achieved by mNC-FET. No significant differences in clinical and ongoing pregnancy rates 
were observed. The costs of both treatment approaches were comparable.
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Introduction
It is more than 30 years since Trounson and Mohr reported the successful cryopreserva-
tion and thawing of supernumerary human embryos after IVF or IVF-ICSI treatment, and 
since Zeilmaker reported the first live birth after frozen embryo transfer (FET) (1,2).The tech-
nique introduced by these pioneers has had a profound impact on assisted reproductive 
techniques; improving efficacy, encouraging the transfer of fewer embryos into the uterus, 
and hence reducing complications arising from prematurity (3,4). In recent years, improved 
laboratory techniques and the adoption of single embryo transfer (SET) have led to a rapid 
increase in the number of FET cycles being performed (5). A further rise in the number of 
FET cycles might be expected if ‘freeze all embryos’ strategies can be shown to reduce the 
risk of potentially serious complications such as ovarian hyperstimulation syndrome while 
maintaining or improving live birth rates and perinatal outcomes (6). The perceived benefits 
of FET are already leading to its widespread adoption into clinical practice, but there remains 
a need for high quality data on clinical outcomes, and on the optimal means of preparing the 
endometrium for transfer of the thawed embryo.

In order to provide an optimal uterine environment for the implanting embryo, and to syn-
chronize the endometrium with the developmental stage of the embryo, several methods 
of endometrium preparation have been developed. In natural cycle frozen-thawed embryo 
transfer (NC-FET), detection of ovulation is the marker for timing of thawing and transfer. The 
moment of ovulation can be estimated based on the detection of the luteinizing hormone 
(LH) surge in either urine or blood (constituting ‘true’ NC-FET) or after triggering ovulation 
of the dominant follicle using human chorionic gonadotrophin (hCG) (‘modified’ NC-FET). 
Despite the different approaches to determining the moment of ovulation, both methods have 
been shown to result in comparable pregnancy rates (7,8). Artificial cycle frozen-thawed 
embryo transfer (AC-FET) mimics the natural menstruation cycle by the administration of 
consecutive estrogen and progesterone. Follicular phase estradiol supplementation allows 
the endometrium to proliferate while suppressing the formation of the dominant follicle, and 
hence premature ovulation and luteinization which could render the endometrium asynchro-
nous with the implanting embryo. Complete suppression is, however, not guaranteed. Up to 
5% cycle cancellation due to development of a dominant follicle has been reported (9,10). 
Adding progesterone mimics the shift from follicular to secretory phase, allowing the plan-
ning of embryo thawing and transfer.

A systematic reviews have interrogated the available studies addressing the optimal means 
of preparing the endometrium to receive frozen-thaw embryos, but conclusions were limited 
due to a lack of randomized controlled trials (7). Moreover, neither cancellation rates nor 
cost-efficiency were reported in the retrospective studies analysed. In order to address these 
significant gaps in the literature, the present open label, non-inferiority multicentre random-
ized controlled trial, entitled ‘Cryo-thawed embryo transfer: natural versus artificial cycle. An 
open label, non-inferiority multicentre trial (ANTARCTICA trial)’ was undertaken. In addition 
to assessing clinical treatment outcomes, this study was also designed to compare cancel-
lation rates and cost-efficiency of the two endometrium preparation methods tested.
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Material and methods
Study design and participants
The study protocol was approved by the Medical Ethics Committee of the Isala Clinics in 
Zwolle and by the institutional review boards of the participating centers. The second and 
last authors assume responsibility for the completeness and accuracy of the data and analy-
ses and for the fidelity of the study to the protocol. The trial was registered at the Netherlands 
trial registry (number NTR 1586) and the protocol has previously been published (11).

From February 2009 to April 2014, eligible patients undergoing frozen-thawed embryo 
transfer in 17, both secondary and tertiary, fertility clinics in the Netherlands were invited to 
participate. Study inclusion criteria included age 18 - 40 and an ovulatory cycle of 26 - 35 
days duration. Frozen embryos to be transferred were to originate from the patients’ first three 
IVF or ICSI treatment cycles. Finally patients had to be willing to sign an informed consent. 
Exclusion criteria included any contra-indication to estradiol or progesterone supplementa-
tion (e.g. prior thrombosis, prior or current hormone sensitive malignancy, porphyria) and 
anatomical uterine anomalies. Patients undergoing a gamete donor procedure were also 
excluded except those patients affected by or be the carrier of a genetic disease. Included 
patients participated in just one study treatment cycle. The first patient was included in the 
study on 20th of April 2009. Follow-up ended on 1 August 2015 following delivery of the last 
included patient.

Randomization and masking
Stratified randomization with variable block sizes (ranging 2 -12) was used in order to achieve 
a balanced 1:1 allocation. Stratification was based on the origin of the frozen embryos (IVF 
versus ICSI) and fertility clinic. To ensure allocation concealment, a web-based randomiza-
tion module using a computerized list was used. The nature of the treatment interventions 
precluded blinding of patients and treating physicians.

Procedures
Patients undergoing modified NC-FET (mNC-FET) attended for ultrasound evaluation of the 
dominant follicle from Day 10 to 12 of their menstrual cycle. Ultrasound monitoring continued 
until the dominant follicle reached 16 - 20mm in diameter. When the follicle had reached a 
size indicating maturity, hCG (5000 IU Pregnyl® or 250 µgr Ovitrelle®, Merck, Kenilworth, 
USA) was given subcutaneously to trigger ovulation. No minimal endometrial thickness to 
precede treatment was appointed in the protocol and no additional endocrine monitoring 
was performed. Patients did not receive luteal support.

In AC- FET cycles, oral estradiol  (Progynova® 2mg, three times daily; Bayer, Leverkusen, 
Germany) was commenced on the first or second day of the cycle with the aim of support-
ing endometrial proliferation and suppressing follicle growth. After 12 to 14 days, vaginal 
ultrasound examination was performed to confirm that no dominant follicle had emerged 
and to measure endometrial thickness. When the endometrial thickness reached ≥ 8mm, 
vaginal micronized progesterone 200mg three times daily [Lutinus® (Ferring, Saint-Prex, 
Switzerland) or Utrogestan®(Besins Healthcare, Brussels, Belgium)] was administered and 
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embryo thawing and transfer was planned. If the endometrial thickness was considered in-
adequate, the estradiol dosage was raised to 8mg daily and ultrasound examination was 
repeated after 1 week. If the endometrium remained < 8mm, the FET treatment cycle was 
cancelled. In cases where a dominant follicle emerged, serum LH and progesterone were 
determined to rule out luteinization. If LH concentrations were < 13 IU/l and progesterone 
levels < 15 nmol/l, luteinization was deemed not to have occurred and FET was performed.

All participating centres used slow-freeze cryopreservation technique to cryopreserve the 
supernumerary embryos after initial treatment. Both cleavage as well as blastocyst stage em-
bryos were allowed for transfer in this study. Criteria on which embryos should be considered 
for cryopreservation or guidelines on the developmental stage at the moment of cryopreser-
vation were not included in the study protocol. The timing of thawing and transferring was 
based on the developmental stage at the time of freezing. In cleavage stage embryos thaw-
ing was performed on the fourth or fifth day after hCG injection or progesterone initiation. 
Blastocyst embryos were thawed on the sixth day after hCG injection or progesterone initia-
tion. Transfer was performed on the day of or the day after thawing. Embryo scoring was 
performed after thawing according to standard validated morphological characteristics. This 
standard was based on the ESHRE Istanbul consensus on embryo assessment (12). Embryo 
quality was graded as ‘good’, ‘reasonable’, ‘moderate’ or ‘poor’ according to the number of 
cells, degree of fragmentation and renewed development of the embryo. All participating 
centres applied the same agreed criteria for grading. A maximum of three embryos could 
be transferred.

Treatment costs were collected using a web-based survey. All patients included in the study 
received individual passwords and login codes. The survey collected data on number of 
visits, distance travelled during treatment, mode of transport and number of days taking a 
leave of absence or sick leave. Patients also could declare costs they had made that were 
not reimbursed by the healthcare insurance but were related to treatment (e.g. pregnancy 
tests). Since healthcare insurances cover fertility treatment in the Netherlands, the tariffs for 
monitoring of treatment and the laboratory phase were obtained from the Dutch College of 
Healthcare Insurances. This college also provides guidelines on calculating further costs per 
treatment.

Outcomes and statistical analysis
The primary outcome measure of this non-inferiority trial was live birth. Secondary outcomes 
were clinical pregnancy rate and ongoing pregnancy rate, cancellation rate, cost-efficiency, 
endometrium thickness and the occurrence of serious adverse events. Analysis of the pri-
mary efficacy variable was based on the normal approximation to the binomial distribution 
and was performed in accordance with the principles of intention-to-treat. A non-inferiority 
trial aims to demonstrate that an intervention is not worse than the comparator by more 
than a pre-specified, small amount or non-inferiority margin (13). In this study, an appropri-
ate choice of margin provides assurance that the intervention (AC-FET) is not substantially 
inferior to the comparator (mNC-FET) in live birth rate. In practice, most researchers select 
a non-inferiority margin to retain 80% - 85% of the clinical effect of the active control (14). 
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Two studies reporting live birth were published prior to the design of the ANTARCTICA trial 
(15,16). The average live birth rate reported in these studies was 35%. Considering that 
a non-inferiority threshold should retain 80% of the clinical effect of the control treatment, 
non-inferiority could be inferred when the margin of difference is less than -7%. In order to 
demonstrate non-inferiority at this level, with at least 80% power, one-sided type I error of 
2.5% and a true event rate of 20%, the sample size estimate was 1030 patients. Anticipating 
a 10% drop-out rate, the total number required was 1150 patients.

The primary end-point was analysed based on the absolute risk difference and its confidence 
interval (CI). Since all patients received the designated treatment and no patients were lost 
to follow-up after starting treatment our per-protocol analyses and intention to treat analyses 
are identical. Non-inferiority of AC-FET to mNC-FET was considered to be established if the 
lower limit of the 95% CI of the difference in live birth rate between AC-FET and mNC-FET 
was shown to lie above the non-inferiority margin of –7%. This is equivalent to performing 
a one-sided hypothesis test at the 0.025 level of significance, based on the null hypothesis 
that AC-FET is inferior to mNC-FET. If the 95% CI for the difference not only lies above the 
non-inferiority margin, but also above zero, superiority of AC-FET over mNC-FET will be con-
cluded in terms of statistical significance at the 2-sided, 5% level (p<0.05). For the baseline 
variables and secondary end-points, superiority testing was conducted using logistic regres-
sion, χ2 statistics, Fishers’ exact tests, Mann- Whitney U-tests or Student t-tests depending 
on the research question to be addressed, type and distribution of data and sample size. 
Subgroup-analyses were performed to rule out hospital-related differences. For all analyses, 
a two-sided alpha of 5% was applied.

Cost-efficiency analyses were performed calculating cost per patient per treatment. 
Differences in costs between NC-FET and AC-FET were tested based on a Student t-test 
using bootstrapping (5000 times). Secondary, incremental cost-effectiveness ratio was com-
puted by comparing the cost of mNC-FET and AC-FET. A four quadrants scatterplot of the 
cost-effectiveness analyses plane was calculated to obtain insight in the uncertainty sur-
rounding the point estimate of the incremental cost-effectiveness ratio. This was based on 
5000 times bootstrap resampling, and accompanying 95% CI.

Results
Figure 1 displays the flowchart of participant flow. Over a 5-year period (February 2009 - 
April 2014) 1032 patients were included in this study. At the completion of  the study, 73 
randomized patients had dropped out, leaving 959 patients for both the per-protocol and 
the modified intention to treat analyses. Reasons for dropout are summarized in Figure 1. 
Remaining patients received treatment according to study group allocation, resulting in 495 
patients (51.6%) receiving mNC-FET and 464 (48.4%) receiving AC-FET. Baseline character-
istics are presented in Table 1. Mean age at the time of inclusion was 33.5 years and mean 
duration of subfertility was 3.0 years. Three hundred and eighty-three patients were primarily 
infertile (39.9%). The main indication for ART was severe male factor in 41.4% of patients 
followed by unexplained subfertility (20.6%) and tubal factor (13.7%). 55.6% of patients had 
undergone ICSI treatment in their initial cycle. No patients undergoing FET after a donor 
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gamete procedure were included. Twenty-seven point 5% (259 / 959) patients had received 
1 IVF or IVF–ICSI treatment prior to the treatment from which the cryopreserved embryos 
transferred in this study derived and 17.3% (163 / 959) had experienced more than one treat-
ment (Table 1). The average number of FET cycles performed prior to their inclusion in the 
ANTARCTICA study was 0.8. Fresh embryo transfer resulted in pregnancy in 242 out of 959 
patients (25.2%). In the trial most patients received a single embryo FET (573 / 734, 78.1%), 
in 239 of these patients this was an elective SET. Two patients received a triple embryo trans-
fer, the remainder 159 patients (21.7%) a double embryo transfer. Average embryo survival 
rate was 72%, the average embryo quality score was reasonable to good. Most thawed and 
transferred embryos were cleavage stage embryos (92.4%). With the exception of duration 
of cryopreservation, no significant differences were observed.

Figure 1: Patient flowchart (mNC, modified natural cycle; AC, artificial cycle; FET, frozen embryo transfer).
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Table 1
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The live birth rate per started treatment cycle after mNC-FET was 11.5% (57 / 495) versus 
8.8% in AC-FET (41 / 464). Considering the absolute difference in live birth rate of 2.7% in 
favour of mNC-FET and the 95% CI (0.065 to + 0.012; p = 0.171) non-inferiority of the AC-FET 
compared with mNC-FET was concluded (Figure 2). χ2 test confirmed the lack of superior-
ity (p = 0.17). Analyses of the secondary outcomes showed no significant differences with 
regard to clinical and ongoing pregnancy (clinical pregnancy rate: 94 / 495 (19.0%) versus 
75 / 464 (16.2%), odds ratio (OR) 0.8, 95% CI 0.6 - 1.1, p = 0.25; ongoing pregnancy rate: 57 
/ 495 (11.5%) versus 45 / 464 (9.7%) OR 0.7, 95% CI 0.5 - 1.1, p = 0.15). Live birth and preg-
nancy rates per embryo transfer are summarized in Table 2. Endometrial thickness was not 
significantly different between the treatment groups (9mm versus 8.9mm, p = 0.61). Overall 
23.5% of treatment cycles were cancelled. Table 3 summarizes the reasons for cancellation 
and the frequency of their occurrence. The main reason for cancellation was insufficient 
embryo survival 62.2% of cases followed by insufficient endometrial thickness in 17.8% and 
premature ovulation before hCG injection in 9.3% of cases. In AC-FET significantly more 
cycles were cancelled compared with mNC-FET (see Table 3). The difference in cancellation 
rates can be ascribed mainly to more cancellation due to insufficient endometrial thickness 
in AC-FET (3 in mNC-FET (due to protocol violations) versus 37 in AC-FET, OR 13.9, 95% CI 
4.4 - 46.7, p < 0.01). No serious adverse events were reported. Subgroup-analyses showed 
no influence of hospital related factors.

Table 1: Baseline characteristics (data are number (%) or mean (SD)).

Figure 2: absolute risk reduction and 95% CIs. mNC, modified natural cycle; AC, artificial cycle; FET, frozen 
embryo transfer.
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Out of the 959 included patients, 252 (26.2%) completed the questionnaire concerning costs 
of treatment. Table 4 presents the costs incorporated in the cost-efficiency analyses includ-
ing price per unit. Analysis by Student’s t-test showed no significant difference in costs per 
treatment entity. (mNC-FET € 617.50 per cycle versus AC-FET € 625.73, p = 0.54). In only 
a small portion of patients (21.8%) participating in the survey, treatment resulted in preg-
nancy (55 out of 252 patients). While these numbers meant no robust calculations of costs 
per pregnancy could be performed, the incremental cost-effectiveness ratio was calculated. 
The additional cost per one percent increment in pregnancy rate in AC-FET cycles was 
just € 1 (95% CI - € 18 - € 16) above the cost per 1% increment achieved using mNC-FET. 
Figure 3 shows the CE plane displaying the distribution of individual calculated incremental 
cost-effectiveness ratios. The distribution of the incremental cost-effectiveness ratios in the 
cost-efficiency plane is in accordance with the practically equal costs of both treatments.

Table 2: outcomes per embryo transfer.

Table 3: reasons for cancellation.
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Table 4: Costs analyzed in the cost-efficiency analysis.

Figure 3: Cost-effectiveness plane based on bootstrap analysis displaying differences in live birth rate 
compared with differences in cost between modified natural cycle and artificial cycle frozen embryo transfer. 
The red dot represents the actual difference in live birth rate and costs.
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Discussion
Based on the presented data, it can be concluded that AC-FET is not inferior to mNC-FET 
with regard to live birth rate. Moreover, the costs of the two endometrium preparation meth-
ods are comparable. Following AC-FET however, more cycles were cancelled, mainly due to 
insufficient endometrial thickness. Given that AC-FET is not inferior to mNC-FET both meth-
ods for endometrial preparation can be offered to patients awaiting FET. Factors such as 
patients preference as well as logistics of individual fertility clinics should be decisive in 
choosing a certain method.

The current study is the first multicentre randomized controlled trial of substantial size 
comparing live birth rate in mNC-FET with AC-FET. Furthermore, it is the first randomized 
controlled trial addressing cancellation rates and cost-efficiency. Based on the outcomes of 
previously published studies and systematic reviews a non-inferiority design was adopted. 
As stated before, the non-inferiority threshold was chosen so that 80% of the live birth rate 
after mNC-FET would be retained. Given a reported average live birth rate of 35% a non-
inferiority threshold of 7% was adopted (15,16). The minimal clinical important difference of 
7.5% was also based on these studies. Since small changes in the minimal clinical important 
difference and non-inferiority threshold can have major consequences for the conclusions of 
a study, it is essential that a non-inferiority threshold is recorded in the study protocol prior to 
the start of a study. Even though both thresholds were recorded in the official study protocol 
the published version of the protocol did not refer to the non-inferiority threshold of 7% but 
to the minimal clinical important difference of 7.5% (11). This could lead to the inference that 
the sample size calculation was based on the 7.5% minimal clinical important difference, 
whereas it was based on a non-inferiority threshold of 7% as recorded in the official protocol. 
Trials with a non-inferiority design are sometimes regarded as being inferior to a superiority 
design. Since the guidelines for constructing, analysing and reporting of non-inferiority trials 
were closely followed, the design of the study does not in our view diminish the validity of the 
results of our study.

Of the planned 1150 patients, only 959 were ultimately included, randomized and analysed. 
Difficulties in motivating eligible patients were the primary cause of this shortfall. After start-
ing the trial in 2009, more liberal cryopreservation and elective SET policies were introduced. 
As the embryo quality criteria for freezing loosened, fewer were considered to be fit for trans-
fer, leading to higher cancellation rates due to inadequate embryo post-thaw survival. These 
were higher than the 10% drop out anticipated, leaving fewer patients for the final analyses. 
In order to achieve 1150 participants at the rate of recruitment being maintained, a 12-month 
extension would have been necessary. However, the available resources excluded such an 
extension, and given the high numbers already recruited, and the importance of making the 
study findings available while still reflecting ongoing clinical practice (as slow-freeze tech-
niques remain widely used), it was decided to stop recruitment in April 2014. Since no data 
safety monitoring board was installed at the beginning of the study the decision to terminate 
the study was made by the main investigators. An interim analysis was not anticipated in the 
initial study protocol and was therefore not performed before ending recruitment.
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There are a number of methodological limitations to the study that should be taken into ac-
count when interpreting the findings. The present trial had an open label design but this was 
inherent to the nature of the study interventions, as blinding was not possible. The low re-
sponse rate to our request for data for the cost-efficiency analyses (26.2%) was disappointing, 
but the analysis of cost-efficiency on a large sample was aided by bootstrapping. With this 
consideration and confirmation that the baseline characteristics of the patients participating 
did not differ from those not participating, the probability of substantial non-response bias is 
small, and the result can be considered valid and representative of the total study popula-
tion. In the cost-efficiency analysis costs to both the patients and to the healthcare system 
were incorporated ensuring completeness. The Dutch healthcare insurance system uses 
fixed prices, based on actual cost-price, for each treatment. The results of the cost-efficiency 
analyses can therefore be considered valid and can be generalized to other countries. Since 
no information on eligible patients not included in the trial is available it is not possible to fully 
rule out selection bias. However, given the number of patients included in this trial as well as 
participation of both secondary and tertiary clinics, the patients included can be considered 
to represent a cross-section of fertility patients, limiting the risk of selection bias. Multicentre 
trials are often characterized by a degree of heterogeneity in treatment approach reflecting 
those in daily practice, and differences in the detail of cryopreservation and thaw procedures 
could have resulted in a variation in live birth and pregnancy rates. However, the live birth 
and pregnancy rates were not found to vary significantly between participating hospitals. 
Many clinics have adopted vitrification over slow freezing as the former appears to offer im-
proved embryo survival and quality (17-19). However, the focus of the interventions studied 
was endometrial preparation, and receptivity is not altered by the method of cryopreserva-
tion. The conclusions of the present study are therefore applicable to FET cycles after both 
cryopreservation methods. 

The live birth, clinical pregnancy and ongoing pregnancy rate reported in this study appear 
to be lower compared with those given in previous published studies (8). This may reflect the 
number of embryos transferred as the differences diminished when calculating outcomes 
per embryo (8). Live birth rate also depends greatly on the quality of embryos selected for 
cryopreservation. Since embryo selection criteria were not described in any of the other stud-
ies no comparison on post-freeze morphology could be made. Hospital-related factors were 
analysed and despite some variation in live birth rate the treating hospital was no confounding 
factor for live birth. Another contributing factor to the low live birth rates might be the number 
of cleavage stage embryo thawed and transferred (92.6%). A movement away from the use 
of cleavage stage embryos as best practice seems to be taking place. Cryopreservation of 
cleavage stage embryos however can be still justified by the significant higher overall cu-
mulative live birth rates (20). In the present study, overall embryo survival was 72% which is 
consistent with other reports using the ‘slow-freeze’ cryopreservation technique (21).

True NC-FET (tNC-FET) offers patients the convenient possibility of home urine testing for the 
onset of the LH surge. False positive or negative testing, due to substantial inter-patient and 
cycle variation in LH surge amplitude and shape, can lead to default planning of thawing and 
transferring (22,23). Performing regular ultrasound and endocrine monitoring avoids possible 
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irregularities but reverses the convenience of tNC-FET and increases costs. Awaiting the LH 
surge leads to an uncertain planning which can be bothersome for both patients as well as 
laboratories. By adopting mNC-FET monitoring of the dominant follicle is secured and some 
adjustment in planning is possible, hCG injection can be delayed 1 or 2 days depending on 
the dominant follicle size. Since previous studies showed no effect on pregnancy rates of 
preovulatory progesterone elevation as well as LH surges prior to hCG injection no extensive 
endocrine monitoring of the cycle was performed (24,25). The positive effect of luteal sup-
port on clinical pregnancy and ongoing pregnancy rate remains debatable, therefore no 
luteal phase support was given in NC-FET (26-28). Failure to detect ovulation for adequate 
planning of thawing and transferring in NC-FET, which results in cycle cancellation, is often 
cited as a disadvantage of NC-FET. In this study, 6.2% of cycles in NC-FET were cancelled 
for reasons other than insufficient survival after thawing, others however have reported up 
to 13% cancellations (29). However, in the present study cancellation rates in AC-FET were 
higher, mainly due to failure to meet strict criteria with regard to endometrial thickness. In 
mNC-FET no minimal endometrial thickness for continuation of treatment was defined since 
endometrium thickness in this arm of the study depended on endogenous estradiol alone. 
However, in mNC-FET three treatment cycles were cancelled because of insufficient en-
dometrium thickness. These cancellations should be regarded as protocol violations. The 
difference in cancellation criteria between mNC-FET and AC-FET with regard to endome-
trium thickness can be defended by the suggestion that AC-FET benefits from a thicker 
endometrium (30). However, the true clinical significance of a thin endometrium for outcomes 
after each preparation regimens, and the merit of cancellation unless specific criteria are 
met, requires further study. Treatment was cancelled because of intolerable side effects in 
five patients receiving AC-FET. Side effects reported varied between headache, nausea and 
increase in weight. No thrombo-embolic events were reported. No side effects were reported 
in the mNC-FET arm of the study.

Consistent with our findings, a recent study comparing live birth rates in mNC-FET and FET 
after mild ovarian stimulation, reported no significant difference in live birth rate (31). Clinics 
and patients can therefore base their preference on other factors, such as personal conve-
nience. FET is increasingly displacing fresh embryo as the main source of embryo transfers 
and is therefore becoming a key element of assisted reproductive techniques. The present 
study is the first large randomized controlled trial comparing mNC-FET with AC-FET and the 
findings can offer a significant contribution to guiding clinical practice in FET cycles.
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We have with interest read the paper by Groenewoud et al, recently published in Human 
Reproduction (1). The authors have performed an ambitious multi-center trial aimed at 
evaluating whether the artificial cycle is inferior or equal to the modified natural cycle for 
cryo-thawed embryo transfer. The trial is a huge undertaking and is performed according to 
high academic standards.

However, we were surprised to see that the authors report results from cryopreservation/
thawing cycles with very low levels of results. According to the most recent European report, 
deliveries per thawing cycle on a national level are reported to lie between 10.0%-25.4% (2). 
This means that the results reported in the paper are around or below the lowest national 
levels reported according to the EHSRE Monitoring Consortium. Additionally the artificial 
cycle, which according to the paper is not inferior to the modified natural cycle showed live 
birth rates at 8.8% per cycle. This result would in our opinion in any single clinic lead to im-
mediate analysis of results and procedures aiming at troubleshooting to find the cause of the 
problem. Immediate cessation of activities would be recommended until the reason for the 
problem has been identified. When results in a clinical program are sub-optimal, immediate 
action must be considered. In a large multi-center study, the situation may perhaps be con-
sidered to be more complex. Feed-back on clinical results is slow and any corrective action 
may be difficult to achieve. At the time of publication however, any such problems should 
be addressed.

Additionally, we infer from the data that the rate of miscarriage, not explicitly reported in the 
paper, seems alarmingly high. This is, in our opinion another indication of a severe problem 
in the cryopreservation/thawing program. Optimal cryopreservation methods give low rates 
of miscarriage and much higher pregnancy rates can be expected in a successful cryo-
preservation/thawing program (3,4). Here also, a comment is motivated.

The Methods chapter also gives rise to some questions which need, in our opinion, to be 
clarified:

The modified Natural Cycle includes an hCG-trigger. Was the actual time of ovulation 1. 
monitored by LH-test in urine? Did the hCG-trigger effect the time of transfer relative to 
“true” natural cycle replacements?
The authors did not elect to give luteal phase support in the natural cycle even though 2. 
they refer to a publication showing this to be beneficial (5). This does not seem logical.
How many days of progesterone support preceded transfer in the artificial thawing 3. 
cycles? This is not easy to understand from the paper.
Maintaining good results in cryopreservation/thawing cycles is not easy to achieve. It 
requires team-work and optimal methods and procedures. Conclusions drawn from data 
where the applied methods are not optimal must of course be interpreted with caution. 
The present study is performed according to the high academic standards. However it 
seems that the data published needs further discussion and analysis. We would suggest 
that the authors address the questions above which arise when reading their paper to 
clarify how this might reflect on the conclusion drawn from the results of their ambitious 
study. We are looking forward to further information on this topic



83

ch
ap

te
r 

 4

References

Groenewoud ER, Cohlen BJ, Al-Oraiby A, Brinkhuis EA, Broekmans FJM, de Bruin JP, et al. A 1. 
randomized controlled, non-inferiority trial of modified natural versus artificial cycle for cryo-
thawed embryo transfer. Hum Reprod. 2016; 31: 1483-1492.
European IVF-Monitoring Consortium (EIM), European Society of Human Reproduction and 2. 
Embryology (ESHRE), Kupka MS, D’Hooghe T, Ferraretti AP, de Mouzon J, et al. Assisted reproductive 
technology in Europe, 2011: results generated from European registers by ESHRE. Hum Reprod. 
2016; 31: 233-248.
Ahlstrom A, Westin C, Wikland M, Hardarson T. Prediction of live birth in frozen-thawed single 3. 
blastocyst transfer cycles by pre-freeze and post-thaw morphology. Hum Reprod. 2013; 28: 1199-
1209.
Edgar DH, Gook DA. A critical appraisal of cryopreservation (slow cooling versus vitrification) of 4. 
human oocytes and embryos. Hum Reprod Update 2012; 18: 536-554.
Bjuresten K, Landgren BM, Hovatta O, Stavreus-Evers A. Luteal phase progesterone increases live 5. 
birth rate after frozen embryo transfer. Fertil Steril. 2011; 95: 534-537.



4.1
Response to: 
Perspectives on results 
from cryopreservation/
thawing cycles.

E.R. Groenewoud, N.S. Macklon, B.J. Cohlen.

Hum Reprod. 2016; 31: 2894-2895.



85

ch
ap

te
r 

 4

We thank Hreinsson and colleagues for their interest in our paper entitled ‘A randomized con-
trolled, non-inferiority trial of modified natural versus artificial cycle for cryo-thawed embryo 
transfer’.

We note the concern they express regarding the relatively low pregnancy and live birth rates 
reported in this study. The primary outcome measure in the ANTARCTICA trial was live birth 
per started treatment cycle. While this enabled cancellation rates to be ascertained, it re-
quired the use of a denominator that generates lower live birth rates than would be normally 
expected when outcomes are considered per embryo transfer. However, since pregnancy 
and live birth rates per embryo transfer are a common means of presenting outcomes these 
data were presented in Table 2 of the article. While recent reports suggest better outcomes 
from frozen thaw transfer with the advent of vitrification and other technological advances, the 
overall live birth rate per transfer of 13.4% reported in the ANTARCTICA trial is comparable to 
the numbers presented in a recently published report of outcomes of assisted reproductive 
technique in Europe during the period prior to their widespread adoption (2). The lack of de-
tailed information regarding possible confounding factors relating to patient characteristics, 
cryopreservation protocols and the number of transferred embryos, pose some major dif-
ficulties when comparing the results presented by the European IVF-Monitoring Consortium 
with those generated in the ANTARTICA trial.

Previous studies have suggested that approximately one third of all clinical pregnancies after 
frozen-thawed embryo transfer result in a first trimester pregnancy loss. The miscarriage 
rate in the ANTARCTICA trial is indeed considerably higher with an overall rate of 41.3%. 
Given that miscarriage rates do not seem to be influenced by the use of cleavage stage 
embryos, the method of cryopreservation or embryo quality no conclusive explanation based 
on treatment related factors can be given (6-8). Moreover, patients included in this study do 
not appear to be older, have a longer duration of infertility or received more treatments then 
those in other studies. The reason for the high miscarriage rate therefore remains unclear but 
is unlikely to be related to the study protocol. These findings do however serve to emphasise 
the importance of testing interventions such as endometrial preparation for FET in a ran-
domized controlled design, as this methodology reduces the risk of unknown confounders 
affecting outcomes.

The decision not to monitor for an LH surge nor adjusting embryo transfer according to the 
presence of an LH surge was performed was based on previous studies showing that moni-
toring LH surges in modified NCT-FET does not improve pregnancy rates (9). Similarly, the 
decision not to prescribe luteal phase support in the NC-FET arm, reflected the consensus 
derived from the available literature at the time the study was designed. Several studies 
addressing the role of luteal phase support in NC-FET have been published since the study 
started in 2009. While Bjuresten et al. reported a positive effect of luteal phase support on live 
birth rates in patients undergoing true NC-FET (5), these results have not been confirmed by 
other randomized and retrospective studies (10-13).



86

ch
ap

te
r 

 4

Another concern was raised by Hreinsson et al. with regard to the duration of progesterone 
administration prior to thawing and transferring in the AC-FET. The duration of progester-
one administration depended on the developmental stage of the embryo at the moment of 
freezing. In cleavage stage embryos, embryos were thawed after 4 days of progesterone 
supplementation while in blastocyst stage embryos were thawed for transfer on the 5th day. 
There is little information regarding the optimal duration of progesterone administration prior 
to planning thawing and transferring. One randomized controlled trial showed that extended 
progesterone administration in cleavage stage frozen-thawed embryo transfer results in 
higher live birth rates but optimum duration of progesterone administration needs to be fur-
ther elucidated (14).

We fully agree that the success of assisted reproductive techniques should be closely moni-
tored in order to provide patients the best possible care.
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We read with interest the article by Groenewoud et al., reporting the results of the random-
ized controlled non-inferiority trial of modified natural versus artificial cycle for cryo-thawed 
embryo transfer, the ANTARCTICA trial (1). This trial is the first large randomized controlled 
trial on this topic. The study appears to be diligently performed, and its results concur with 
the results of previous studies, as well as with the personal experiences of many.  
 
However, as far as the design of this study is concerned, we have certain reservations, and 
the readers need more than just “caution” to interpret the results of this study. 
 
A non-inferiority trial is one in which the intent of a study is to demonstrate that an experimen-
tal treatment is not substantially worse than a control treatment (2). A non-inferiority design 
statistically tests the null hypothesis that the experimental treatment is inferior to the cur-
rent (active control) treatment by a difference of at least Δ (a pre-defined margin called 
the “non-inferiority margin”). The alternative hypothesis states that the outcome of the new 
treatment may be slightly inferior to the active control, but the difference is no more than Δ 
(the non-inferiority margin).  This margin can be considered as “the largest loss of effect 
(inferiority) that would be clinically acceptable when comparing the experimental group with 
the control” (3). Thus, the conclusion “non-inferior” depends heavily on the chosen value for 
Δ, and this choice is perhaps the most important component of any non-inferiority trial (4). 
Setting an inappropriate margin will result in inappropriate conclusions. The margin must 
be prospectively defined at the start of the study using both statistical methods as well as 
clinical judgment (2).  
 
In the current study, the authors kept the non-inferiority margin as 7% (that is, a difference 
equal to 7% or 0.07 in the live birth rate). For deriving this, they assumed that the expected 
live birth rate was 35% (0.35). Further, they assumed that a non-inferiority threshold should 
retain 80% of the clinical effect of the control treatment. Thus, the non-inferiority margin was 
set at 20% of the expected live birth rate of 0.35, that is, non-inferiority margin= -20/100 X 
0.35 = -0.07 or -7%. This means that, from the beginning itself, the authors were ready to 
accept a treatment method as non-inferior to the control as long as the lower limit of the 
Confidence Interval (CI) calculated for the difference in live birth rate was more than -0.07 or 
-7%. That is, if the live birth rate for active control is 35%, then an experimental group with CI 
lying above 28% would be considered non-inferior (1,5). We believe that this margin is large 
and should have been kept smaller. 
 
However, this is not the only drawback of this study. The major issue is the fact that their 
assumed live birth rate of 35% was more than 3 times the actual live birth rate of 11.5% that 
they got in the control group. This decreases the significance of the results, as explained in 
the following two points: 

For a control live birth rate of 0.115, a non-inferiority margin of -0.07 is even larger more 1. 
than 60% of the control live birth rate. In their study design, with this control live birth 
rate, an experimental arm would be declared non-inferior even if its live birth rate was 
4.5% (11.5% -7%). An live birth rate of 4.5% for any infertility treatment is very low, 



91

ch
ap

te
r 

 4

almost comparable to a placebo treatment. In this setting, we quote from the article by 
Hahn, “setting an inappropriate margin can cause a non-inferiority test to misleadingly 
conclude an ineffective treatment to be effective” (2). 

Before the start of study, had the authors assumed the expected live birth rate to be 2. 
11.5% (which is the live birth rate they actually got in the control arm) instead of 35%, 
then the non-inferiority margin, or the “largest acceptable loss of effect”, would have 
been calculated as -20% of 0.115 = - 0.023 or -2.3%. In the current study, the difference 
between the two arms was (8.8% -11.5%) or -2.7%. We have redrawn Figure 2 of the 
article with non-inferiority margin as -0.023. 

 
 
 
In this scenario, the null hypothesis that “the experimental arm is inferior to the control arm” 
would not be rejected. This completely reverses the conclusion drawn by the authors in this 
study!  

The authors are not at fault here, since they had not expected the live birth rate to be so low, 
and post-hoc modification of non-inferiority margin is not allowed. However, this study is an 
example of how an inappropriate selection of non-inferiority margin and/or expected rates 
can make it difficult to interpret the study results, no matter how diligently the study may have 
been conducted. 

Perhaps we need studies with even larger sample size than the current one, with appro-
priately estimated rates and non-inferiority margins, to conclusively prove non-inferiority of 
AC-FET. 

Figure 1: Figure 2 from the article redrawn with -0.023 as non-inferiority margin instead of -0.07
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We thank Gupta and colleagues for their interest in our paper ‘A randomized controlled, non-
inferiority trial of modified natural versus artificial cycle for cryo-thawed embryo transfer’ (1). 
In their letter Gupta and colleagues provide a comprehensive summary of the difficulties that 
may occur in the interpretation of the results of a non-inferiority trial. 
         
Before the start of this study in 2008, we were aware of the limitations that a non-inferiority trial 
design pose and carefully considered alternative approaches. However, considering that the 
studies performed prior to designing the ANTARCTICA trial showed comparable pregnancy 
and live birth rates for NC-FET and AC-FET, conducting a trial based on a superiority design 
was considered difficult to justify. In order to control as much as possible for the probability of 
experiencing methodological flaws we followed the guidelines for performing a non-inferiority 
trial and electing a non-inferiority margin as closely as possible (6). 
  
As stated, the non-inferiority margin determines the probability of rejecting the null hypothesis 
and is therefore crucial for the conclusions drawn at the end of the study. Because this non-
inferiority margin should be determined before the start of the study and cannot be adjusted 
afterwards much depends on the choice of this margin. The post-hoc analyses performed by 
Dr. Gupta illustrates the importance of defining the non-inferiority threshold prior to the start 
of the study.  
 
We agree with Gupta that from a clinicians’ and patients’ point of view 7% difference in 
live birth rates between the two endometrium preparation methods can be regarded as 
a substantial difference. We disagree, however, that the non-inferiority threshold was 
inappropriate and should have been narrower. Non-inferiority margins are often selected 
so that 80% to 85% of the clinical effect of the active control is retained (7). By using the 
live birth rates reported prior to the ANTARCTICA trial as well as implementing the rule of 
thumb suggested by Kaul et al. we believe the 7% non-inferiority threshold was well founded 
(8,9). In our opinion, choosing a non-inferiority threshold based on the opinion of individual 
clinicians alone does not constitute a scientific approach and therefore was not considered 
an option for our study.  
 
When designing a trial one takes the most current and best evidence available into account. 
However, one still runs the risk of overestimating or underestimating study effects. In hindsight, 
we have overestimated the live birth rate in our study. Future non-inferiority trials will probably 
utilize information from this and other recent studies to determine their non-inferiority margins 
and sample sizes. However, since non-inferiority trials may be subject to these and other 
inherent issues, challenges in the interpretation of study results are likely to remain.  
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Abstract
LH surges are the start of a period of optimal endometrial receptivity, missing these surges 
in unstimulated cycle frozen-thawed embryo transfer (FET) based on ultrasound alone might 
lead to incorrect timing of embryo thawing/transfer. In this prospective, non-randomized 
trial we established both the incidence and effect of spontaneous Luteinizing Hormone 
(LH) surges on ongoing pregnancy rates and assessed the use of ultrasound without LH 
monitoring in planning unstimulated cycle FET. Over a 2-year period, all patients undergo-
ing unstimulated cycle FET, were included in this study (n = 233). All patients had regular 
menstrual cycles. Serum LH analysis took place before human chorion gonadotrophin (hCG) 
administration. Main outcome measure was ongoing pregnancy. LH surges occurred in over 
half of patients. Overall pregnancy rate was 34,3%. Relative risk for ongoing pregnancy was 
not significant for cycles with or without a spontaneous LH surge (ongoing pregnancy rate 
33.4% vs. 34.8%; RR 1.02, 95% CI 0.7 - 1.5).  Based on these results we concluded that 
LH surges of ≥ 10 IU/l occurred in over 50% of patients, but LH surges demonstrated no 
significant effect on pregnancy rates. Single LH determination prior to ovulation induction in 
unstimulated cycle FET does not seem to have added clinical value.
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Introduction
Frozen-thawed embryo transfer (FET) is a cost-effective supplement to fresh IVF and IVF-ICSI 
treatment (1,2). Success of FET depends greatly on synchronization between development 
of the endometrium and the frozen-thawed embryo. To achieve synchronization, several 
methods of endometrial preparation have been proposed. The two methods used mostly 
world-wide are the so-called artificial cycle and the unstimulated cycle with ultrasound 
monitoring of follicular development. In the artificial cycle the endometrium is prepared with 
hormonal support prior to FET. Although this method requires patients to take both estro-
gens and progesterone for several weeks, planning of FET requires little monitoring, which 
reduces the burden on both patients and clinics. Its counterpart, the unstimulated cycle, 
doesn’t require medication but requires more careful and regular monitoring of the cycle. 
Critical for the success of unstimulated cycle FET is identification of the period of optimal 
endometrial receptivity. During this putative ‘window of implantation’ a rise in both LH and 
progesterone results in changes in the estrogen primed endometrium. This makes implanta-
tion of the embryo possible for a short period of time (3,4). An undetected rise in LH may 
result in an undetected rise in progesterone which could result in the period of receptivity 
being advanced so that by the time of FET the optimal period for implantation has passed. 
Although the window of implantation seems to be a logical theoretical model, so far studies 
in humans have failed to establish it existence indisputably.

The start of the period of optimal endometrial receptivity is announced by a rise in serum LH 
levels.  LH surges are considered to trigger ovulation within 35 to 44 hours. Ovulation itself initi-
ates an endocrine shift from estrogen to progesterone. These changes set in motion a process 
resulting in the start of the window of implantation 5 - 7 days after ovulation. Identification of 
the onset of the LH surge makes it possible to estimate the moment of ovulation and thus of 
the start of the window. LH determination is therefore an approved method for planning natural 
cycle FET (5). In a clinical setting this can be achieved by recognition of mid-cycle LH rises 
in either urine or blood. Alternatively, ovulation can be triggered with an injection of human 
chorion gonadotrophins (hCG) in a so-called unstimulated cycle. This ultrasound based ovu-
lation induction of the dominant follicle can be supplemented with LH monitoring to detect 
unexpected LH rises and therefore to prevent FET transfers being too late.

In ultrasound monitored unstimulated cycle FET the dominant follicle is monitored until it 
reaches a diameter of 16 to 18mm. Final oocyte maturation and ovulation is triggered with 
hCG and takes place 36 – 40 hours later. Ovulation itself induces the onset of a period of 
optimal fecundity which lasts for 3 to 4 days (4). Thawing and transferring of the embryos 
should be performed in this period. It is known that planning unstimulated cycle FET in such a 
manner involves the risk of missing an LH surge before ovulation induction. Theoretically, this 
may result in FET occurring outside the optimal period for achieving pregnancy. However, the 
frequency of spontaneous LH surges in such an ultrasound based unstimulated cycle FET, 
and their influence on outcomes remains uncertain. The aim of this prospective study was 
therefore to determine the incidence of serum LH surges in ultrasound monitored FET and 
to establish the effect of such a surge on pregnancy rates in ovulatory women undergoing 
unstimulated cycle FET.
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Material and Methods
Patients and cycle monitoring 
Over a 2-year period, all patients undergoing unstimulated cycle FET were included in this 
study (233 cycles, 193 patients). Since LH determination was incorporated in daily practise 
no additional approval by the ethics committee was obtained. All patients had regular men-
strual cycles and had undergone either IVF or IVF-ICSI treatment. Frozen-thawed embryo 
transfer took place in an unstimulated cycle, so no hormonal substitution or luteal support 
was used. Ultrasound monitoring, which was available 7 days a week, was performed from 
day 10 of the cycle until the dominant follicle reached a mean diameter of at least 17 mm. 
Prior to the administration of hCG to trigger ovulation, a blood sample was taken and analy-
sed for serum LH and progesterone levels. Both LH and progesterone were determined by 
an electrochemical luminescence immunoassay (ELCIA) on the E170 module of the Modular 
Analytics platform (Roche Diagnostics, Germany). Intra- and interassay coefficients of varia-
tion respectively amounted to 1.2% an 2.2% for LH and 2.9% and 4.8% for progesterone. An 
LH surge has been defined as a serum LH level of more than 2 standard deviations above the 
base level in the follicular phase (5,6). However this definition is not of use clinically. For this 
study we applied the more commonly used threshold of 10 IU/l or more (7-9). Luteinisation 
was defined as the combination of an LH surge and a serum progesterone level of 4 μmol/l 
or more. Both patients and physicians were blinded for the result of the LH analysis, thus the 
timing of FET was not influenced by knowledge of these data. Ovulation was triggered when 
the dominant follicle reached ≥ 17mm using recombinant hCG (250 micograms. Ovitrelle®, 
Merck Serono). No luteal support was given. In forty patients, data from more than one cycle 
were analysed.

Embryos
Freezing was performed in the preceding IVF or ICSI treatment cycle. After careful selection 
based on morphologic characteristics, embryos were frozen on the 4th day after oocyte 
pickup. Most embryos were frozen at the morula or blastocyst stage. Freezing was per-
formed according to a slow freezing protocol in Nitric Oxide using a combination of DSMO 
10% vol. (Merck Biosciences, UK) and Hepes 1M solution (Gibco BRL, the Netherlands) 
(10). Thawing was carried out on the 5th day after hCG administration (day of hCG adminis-
tration being called day 0) using a sequence of DSMO solution declining from 3% vol. to 0% 
vol. In our practice FET cycles have a 70% survival rate. Only those patients with at least one 
embryo surviving after thawing were included in this study. Embryo transfer was performed 
the following day using a flexible catheter (K-JETS-7019-SIVF®, Cook, Ireland) under trans-
abdominal ultrasound vision by physicians with extensive expertise in embryo transfer.

Statistics and sample size 
The primary endpoint was ongoing pregnancy, defined as the presence of a fetal heartbeat 
on ultrasound at 12 weeks gestation. Sample size calculation was based on an ongoing 
pregnancy rate of 20% and an expected absolute difference in pregnancy rate of 15% using 
a type I error of 5%, and with a power of 80%. In total, at least 222 cycles were required for 
adequate statistical power. Level of significance was p < 0.05. Statistical analysis was per-
formed using SPSS 18.0. Multilevel analysis (MLwiN, version 2.23) was conducted to correct 
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for dependency of multiple cycles within patients. The first level was defined as cycle and 
the second level as patient. The outcome variable constitutes the natural log of the odds of 
ongoing pregnancy. This regression coefficient was subsequently transformed into an Odds 
Ratio by taking the exponent of the regression coefficient.

Results
Data from 233 cycles were analysed. Initial treatment in 118 cycles had consisted of IVF, while 
in 115 cycles IVF-ICSI treatment had been performed. On average patients had undergone 
1,9 IVF or IVF-ICSI treatment before the included FET. Average age during oocyte pick-up 
was 33.1 years. Diagnosis in the majority of cases was severe male subfertility (45.1%), un-
explained subfertility (17.6%) and moderate male subfertility (15.5%). Other diagnoses were 
tubal pathology (12.4%), endometriosis (2.6%) and other causes (6.8%). Mean duration of 
subfertility was 3.8 years. In 85 cycles (36.5%) there was a primary subfertility. Mean duration 
of cryopreservation was 11 months. Average survival of embryos was 80% (Table 1). In 67 
of the included cycles the initial treatment had resulted in an ongoing pregnancy. There was 
no significant difference in pregnancy rates in the initial treatment between patients with or 
with a LH surge.

Embryo quality was determined as good, moderate, reasonable or poor based upon stan-
dardized morphological characteristics (11). Most embryos transferred were classified as 
either good or moderate (85.3%). Double embryo transfer was performed in 145 cycles 

Table 1: patient characteristics. 193 patients were included resulting in 233 treatment cycles. All data 
provided are number of cycles unless otherwise stated. 
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(62.2%), while in 88 cycles patients underwent a single embryo transfer (37.8%) due to 
single embryo survival after thawing (69.6%) or elective single embryo transfer (30.4%). 
Overall ongoing pregnancy rate after FET was 34.3%.

Since the definition of an LH surge remains subject to debate in recent literature, we also in-
vestigated whether a threshold serum LH level could be identified which negatively affected 
pregnancy rates by performing a ROC curve analysis (Figure 1). The ROC curve showed 
little discriminating capacity and no optimal cut-off in LH level could be established (area 
under the curve 0.54, 95% CI 0.5 - 0.6). 

The relative risk (RR) for clinical pregnancy rates and ongoing pregnancy rates according to 
whether or not an LH surge occurred was determined. There was no significant difference in 
clinical and ongoing pregnancy rates between cycles with or without an LH surge (ongoing 
pregnancy rate 33.4% versus 34.8%; RR 1.02, 95% CI 0.7 – 1.5) (Table 2).

Figure 1: ROC curve 
displaying the 
discriminating capacity of 
serum LH concentration in 
predicting pregnancy.

Table 2: Relative risks and 95% CIs in clinical and ongoing pregnancy rates in patients with and without an 
LH surge
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An LH surge of ≥ 10 IU/l was observed in 51.9% of all cycles. The cycle characteristics ac-
cording to presence or absence of a spontaneous LH surge are presented in Table 3. Mean 
serum LH level in patients with an LH surge was 29.5 IU/l versus 6.7 IU/l in patients without a 
surge. Progesterone levels, duration of follicular phase and maximum follicular diameter dif-
fered significantly between cycles with and without an LH surge (p < 0.01, p = 0.03 and p = 
0.01 respectively). Only twelve cycles displayed both a rise in LH as well as in progesterone. 
Ongoing pregnancy was observed in 2 of these patients. Since these numbers are small, 
further analyses were not conducted. Potential factors that might predict treatment outcome 
were selected for analysis from recent literature. These factors were female age during oocyte 
pick-up, diagnosis of subfertility, number of embryos transferred, embryo score, duration of 
the subfertility, duration of the cryopreservation and outcome of the initial treatment (11-13). 
Regression analysis showed that the number of embryos transferred, embryo score and 
outcome of the initial treatment proved predictive for ongoing pregnancy (Table 4).

Discussion
When planning unstimulated cycle FET based on ultrasound alone, LH surges of 10 IU/l 
or more occur in over 50% of all cycles. These surges do not seem to effect pregnancy 
rates negatively. Ultrasound monitoring of the dominant follicle in unstimulated cycle FET 
is a relative easy method for planning thawing and transferring of frozen-thawed embryos. 
When the dominant follicle reaches a mean diameter of 17mm or more ovulation is induced 
with hCG. Since the moment of ovulation can be estimated accordingly, transferring of the 
embryo within the window of implantation is feasible. Planning FET in this manner involves 
the risk of missing LH surges. Missing these LH surges could lead to an incorrect estima-
tion of the onset of the window of implantation and thus to decreased pregnancy rates. 
This study, however, showed that although LH surges do occur in over half of all patients 
undergoing unstimulated cycle FET, these surges do not affect pregnancy rates significantly. 
Based on these conclusions, performing a single LH determination before HCG administra-
tion in ultrasound monitored unstimulated cycle FET seems to have no added clinical value. 
This conclusion is based on 233 cycles assuring adequate statistical power. Patients and 
physicians were blinded to serum LH levels therefore treatment was not influenced by the 
outcome of these measurements. Given that decision-making regarding the timing of FET 
was solely based upon ultrasound monitoring, it became possible to objectively evaluate the 
incidence, effect and added clinical value of an LH determination prior to HCG administra-
tion in ultrasound monitored unstimulated cycle FET. However, the prevalence of high serum 
progesterone levels was low so the effect of progesterone and thus luteinisation could not 
be evaluated (14,15).

Table 3: Factors predictive of ongoing pregnancy.
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The window of implantation has been the subject of many studies. Most of these studies have 
focused on methods to identify the precise start and duration of this window (3,16). Thirty-five 
to 44 hours after the onset of the LH surge ovulation takes place. Ovulation sets in motion 
several processes leading to the start of a period of optimal receptivity (4,5). Identifying this 
period seems critical for timing of thawing and transferring of frozen embryos (1,2,11,12). 
Since it is not possible to establish the exact moment of ovulation based on ultrasound alone, 
monitoring of the onset of the LH surge or ultrasonic monitoring combined with inducing 
ovulation with hCG are attractive and widely employed substitutes. Planning FET on LH moni-
toring alone has several disadvantages. One should bear in mind that although there is a 
close relationship between the onset of the LH surge and ovulation, it is not the LH surge 
but the ovulation that starts the putative window of implantation. Moreover, there are several 
distinct characteristics of LH that make single LH determinations difficult to interpret. After 
the initial surge, LH levels display an unpredictable course with peaks every few hours. 
Also, LH surges display a large inter-patient variation in amplitude, configuration and dura-
tion (6). Because of this, accurate estimation of the onset of the LH surge requires regular 
determination of LH levels in serum or urine. LH urine kits are relatively cheap and easy to 
use at home and are convenient for this purpose. These kits, however, have wide ranges of 
thresholds and false negative testing is common, making this way of monitoring LH levels far 
from ideal (17). Also, since the appearance of LH surges in urine lags several hours behind 
the appearance of the LH surge in blood, a delay in positive testing should be taken into 
consideration (6,18). It is well known that not all LH values over 10 IU/l signify the onset of the 
actual LH surge. Since ovulation, rather than the LH surge, induces the window of implanta-
tion, initiating a treatment based on these spontaneous LH surges could affect treatment 
outcome negatively. Keeping these disadvantages in mind, one needs to be cautious about 
embracing LH as the sole marker in planning timing of thawing and transferring of frozen-
thawed embryos. 

Ultrasound monitoring of the dominant follicle followed by ovulation induction in unstimulated 
cycle FET provides clinicians the option of instant and accurate estimation of the timing of 
ovulation and thus the start of the window of implantation. On the other hand, if LH surges 
are missed and ovulation occurs sooner than expected, planning FET solely on regular ul-
trasonic evaluations could lead to an incorrect timing and as a consequence might result in 
diminished pregnancy rates. The result of this study showed that although a large proportion 
of the patients displayed a LH surge, failing to adjust the treatment accordingly did not alter 
pregnancy rates significantly. This outcome is in agreement with the results of several other 
studies. For instance, Krotz et al. showed that almost 50% of patients preparing for FET, 
display urine LH surges without an apparent effect on pregnancy rates (19).

Several other studies have reported on this issue in patients undergoing intra-uterine insemi-
nation (IUI) in cycles with ovulation induction or IVF and IVF-ICSI treatment. A large portion 
of the patients undergoing ovulation induction/IUI treatment display spontaneous LH surges. 
The effect on pregnancy rates differs per study. Cantineau et al. showed an incidence of 
spontaneous LH surges of 35% without a significant effect on pregnancy rates (7). Lee also 
showed a high incidence of premature LH surges in patients undergoing ovulation induction 
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or IUI supplemented with Cetrorelix® (20). In contrast to the study of Cantineau et al., preg-
nancy rates were significantly lower in patients with an LH surge. Huirne et al. showed lower 
pregnancy rates in the presence of an LH surge at the time of hCG administration in patients 
undergoing IVF and IVF-ICSI treatment. In patients with a combined LH and progesterone 
elevation no pregnancy was observed (15). However, in this study patients all underwent IVF 
or IVF-ICSI using ovarian stimulation in contrast to patients in the present study. In the pres-
ent study in only 12 cycles such an event was observed. Ongoing pregnancy was observed 
in 2 of these patients. Due to the small number of patients, robust statistical analysis could 
not be performed. Although the results of the afore-mentioned studies seem to be hetero-
geneous, all studies share a common denominator and ascribe novel roles for both LH and 
progesterone, for instance: LH surges appear to affect pregnancy rates in ways other than 
by ovulation alone. LH induces the synthesis of growth factors, cytokines and chemokines 
which have several effects e.g. influencing specific features of the endometrium (4). Also, 
recently the presence of LH receptors on early-stage embryos has been established, indicat-
ing a role for LH in early fetal development. Exact mechanisms for this suggested influence 
remain unclear and this observation requires further investigation for elucidation (4,21,22).

Some authors suggest the presence of a negative effect of hCG administration on ongoing 
pregnancy rates in unstimulated cycle FET. A recent study by Fatemi et al. showed significant 
lower pregnancy rates in patients in whom planning of unstimulated cycle FET was based on 
ultrasound versus planning based on LH surges in blood. Unfortunately, for ethical reasons 
the study was discontinued after the results of the interim analyses became available and 
so an alpha-error cannot be excluded completely (14). On the other hand, Chang et al. and 
Weissman et al. showed in their (retrospective) study no negative influence of hCG (23,24). 
Martinez et al. showed a possible negative effect of hCG in patients undergoing ovulation 
induction with IUI but this study lacked sufficient power (25). Moreover, since patients in 
this study underwent IUI treatment, in which a fully mature oocyte is essential especially in 
IUI with clomiphene citrate. Taking these suggestions into consideration it is interesting to 
know whether pregnancy rates could be even further improved if we would adjust planning 
of thawing and transfer according to the presence of LH surges ≥ 10 IU/l. To the best of 
our knowledge, no such studies have been conducted in patients undergoing ultrasound 
monitored unstimulated cycle FET. However, in patients undergoing ovulation induction with 
IUI Cohlen et al. showed that adjusting the timing of insemination according to the presence 
of an LH surge affected pregnancy rates negatively (8). In this study no luteal support was 
given. There is still little evidence on the effect of luteal support in natural or unstimulated 
cycle FET. Bjuresten et al. showed a positive effect of luteal support on pregnancy rates in 
patients undergoing natural cycle FET. This is the only study, so far, addressing this question 
(26).

Comparison of cycle characteristics between cycles with and without a spontaneous LH 
surge showed a significant difference in maximum follicular size, duration of the follicular 
phase and serum progesterone levels. These results may simply reflect the longer period 
required for a follicle to attain a greater diameter. It is clear that prolongation of the fol-
licular phase and follicular growth bares an increasing risk of elevation of serum LH and 
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progesterone levels. Advancing ovulation induction to prevent this also bares the risk of 
a thin endometrium which might not yet be fully prepared. However, in the present study, 
neither the duration of the follicular phase nor the maximum follicular size demonstrated a 
significant influence on pregnancy rates. Other factors, including the number of embryos 
transferred, embryo quality and outcome of the treatment in which the embryos were ob-
tained, all demonstrated a significant relationship with ongoing pregnancy. These predicting 
factors are similar to those reported in other studies (11-13). Although widely accepted as a 
predicting factor, female age during oocyte pick-up showed no significant association with 
pregnancy rates in our population. This result remains unexplained but may reflect the size 
of the study sample.

In conclusion, this study showed that LH surges occur in over half of all patients undergoing 
unstimulated cycle FET. These surges seem to be without a significant effect on pregnancy 
rates. The number of embryos transferred, embryo quality and the outcome of the preceding 
fresh cycle did affect pregnancy rates. Regular ultrasonic evaluation of the dominant follicle 
in combination with hCG triggering of ovulation is an effective way of planning unstimulated 
cycle FET. No benefit of a single, routine LH determination prior to ovulation induction is 
demonstrated. However, whether adjusting the timing of unstimulated cycle FET in the event 
of a serum LH ≥ 10 IU/l, further improves pregnancy rates remains uncertain and should be 
the subject of future research.
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Abstract
Recent studies suggest that the presence of an elevated late follicular phase progesterone 
after ovarian stimulation for IVF may give rise to embryo-endometrial asynchrony, reduc-
ing the chance of successful implantation after fresh embryo transfer. However, it remains 
unclear to what extent elevated late follicular phase progesterone levels may occur in un-
stimulated cycles prior to frozen-thawed embryo transfer (FET), or what impact they may 
have on outcomes. In this cohort study, 271 patients randomized to the modified natural 
cycle arm of an randomized controlled trial comparing two endometrial preparation regimens 
underwent late follicular phase progesterone and LH testing. A Receiver Operating Curve 
was constructed to identify a progesterone cut-off level with the best predictive value for 
live birth (progesterone level ≥ 4.6 nmol/l). 24.4% of patients revealed an isolated elevated 
serum progesterone ≥ 4.6 nmol/l and 44.3% showed an elevated progesterone level in as-
sociation with a rise in LH. However, neither endocrine disruption was associated with an 
impact on outcomes; with live birth rates of 12.9% versus 10.6% (OR 0.6, 95% CI 0.19 - 1.9, 
p = 0.4) and 11.9% versus 17.5% (OR 1.6, 95% CI 0.79 – 3.1, p = 0.2) respectively. Whether 
monitoring of progesterone and LH in natural cycle FET has added clinical value should be 
the subject of further studies. 
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Introduction
The incidence and impact of elevated late follicular phase progesterone levels on IVF 
treatment outcomes continues to be debated (1,2). Several studies in patients undergoing 
ovarian stimulation for IVF have shown that an elevated late follicular phase progesterone 
level is associated with diminished pregnancy rates and an increased risk of obstetrical 
complications (3,4). Elevated late follicular phase progesterone levels are usually defined as 
a serum progesterone of ≥ 4.77 nmol/l (≥ 1.5 ng/l) on the completion of ovarian stimulation, 
prior to human chorion gonadotropins (hCG) being given to trigger final oocyte maturation 
(3,4). The underlying mechanism for this phenomenon remains unclear, but supraphysiologi-
cal estrogen levels arising from ovarian stimulation may be indirectly implicated (5,6). Both 
abnormal estrogen and progesterone levels lead to a spectrum of alterations in the endo-
metrium such as changes in histological features as well as gene and cytokine expression 
related to endometrium receptivity (3,7-10). In patients undergoing ovarian stimulation for 
IVF these features are observed earlier when progesterone levels are elevated before hCG 
has been administered. This suggests an acceleration in the maturation of the endometrium 
that may lead to an asynchrony between optimal receptivity and timing of embryo transfer, 
resulting in lower pregnancy rates (9,11). Whether the changes in the endometrium are the 
result of an elevated progesterone alone or perhaps a combination of supra-physiological 
hormone levels and other ovarian stimulation related factors remains unclear.

Since natural cycle frozen-thawed embryo transfer (NC-FET) requires no ovarian stimulation 
it provides the opportunity to avoid the assumed negative effects of ovarian hyperstimulation 
on the endometrium. In NC-FET, endocrine control of the menstruation cycle is not altered 
and the endometrium should not be exposed to supra-physiological estrogen and proges-
terone levels. This premise underlies the recommendation by some to freeze all embryos 
when an elevated late follicular phase progesterone is measured, and to delay transfer to an 
unstimulated cycle (12,13).

In modified NC-FET (mNC-FET) an injection with hCG is given to trigger ovulation of the 
dominant follicle. The continuing presence of the dominant follicle on ultrasound is taken to 
indicate that the luteinizing hormone (LH) surge and luteinization have yet to occur. However, 
progesterone levels start to rise approximately 12 hours prior to the start of the LH surge, 
so it is possible that at the time of hCG administration, progesterone levels are elevated 
(14). Given that maturation of the endometrium is induced by progesterone, significant pro-
gesterone elevation prior to the hCG injection might lead to desynchronization between the 
endometrium and the embryo and thereby diminishing pregnancy rates. This concern has 
led some to monitor progesterone levels in patients undergoing mNC-FET, and cancel the 
cycle if progesterone levels are elevated (15,16). However, the incidence and effect of el-
evated progesterone levels prior to ovulation triggering in mNC-FET remain to be elucidated. 
Since elevated progesterone levels have been shown to be related to multi-follicular devel-
opment, we investigated whether premature progesterone elevations occur less frequently 
in mNC-FET cycles compared to treatments requiring ovarian stimulation, and whether they 
are associated with detrimental effects on clinical outcomes in this context.
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Material and methods
Patients and procedures
Included patients were recruited for the purpose of a multi-center randomized controlled 
trial (‘ANTARCTICA’ trial, NTR 1586) (17,18). In this randomized controlled trial, patients 
were randomized between artificial cycle FET (AC-FET) and mNC-FET. Subjects meeting the 
inclusion criteria for this trial were 18 to 40 years old, had a regular cycle and had cryopre-
served embryos derived from of one of their first three fresh IVF or IVF-ICSI cycles. Patients 
with an uterine anomaly or a contra-indication for medication used in the AC-FET were ex-
cluded as were patients undergoing treatment with donor gametes. Patients randomized to 
mNC-FET were considered eligible for the analyses of the present study. Ethical approval for 
the randomized controlled trial was obtained from the institutional review board of the Isala 
Clinics in Zwolle.

Patients randomized to the mNC-FET arm underwent ultrasound monitoring of the dominant 
follicle and the endometrium in order to plan thawing and transferring of the cryopreserved 
embryo. Ultrasound monitoring commenced depending on the length of the menstrual cycle 
on day 10, 11 or 12 and was repeated every other day or daily depending on the size of the 
follicle. No minimal endometrial thickness was appointed given that the endometrial thick-
ness during NC-FET cannot be influenced given the characteristics of the treatment.

When the dominant follicle reached a diameter of 16 – 20mm a blood sample was drawn 
followed by a single injection with hCG (5000IE Pregnyl® or 250 micrograms Ovitrelle®). 
Thawing and transferring was planned based on the moment of hCG injection and the 
developmental stage at the moment of cryopreservation. Cleavage stage embryos were 
thawed on the fourth or fifth day after hCG injection. Blastocyst embryos were thawed on the 
sixth day after hCG injection. Transfer was performed on the day of or the day after thawing 
depending on local hospital logistics. All participating centers used a standardized scoring 
system based on the ESHRE Istanbul consensus on embryo assessment to determine 
embryo quality (19). Morphological features were summarized and embryos were classified 
good, reasonable, moderate or poor. A maximum of three embryos were transferred. All 
embryos were cryopreserved using a slow-freeze technique, and 92% of transfer occurred 
at the cleavage stage. No luteal support was given. All blood samples were collected and 
analyzed centrally for estrogen, progesterone and LH levels after finishing the trial. No 
additional endocrine monitoring was performed during the FET treatment.

Laboratory procedures
Samples were centrifuged at 1500g after which the plasma was stored at minus 20 degrees 
Celsius. On completion of the ANTARTICA trial, samples were collected from the different 
study sites and were analyzed in a central laboratory. All samples were analyzed according 
to ECLIA method on the Cobas8000, module602 (Roche diagnostics, Indianapolis. USA.). 
Intra and inter assay coefficients for progesterone determinations varied between 0.9% - 
2.9%. For LH determination intra and inter assay coefficients varied between 0.6% - 1.2%.
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Definitions
A commonly used definition of progesterone elevation is a serum progesterone level 
of ≥ 4.77 nmol/l in the absence of an LH surge (3,4). However, this threshold derived 
from studies in patients undergoing ovarian stimulation with exogenous gonadotrophins to 
achieve multi-follicular development. Considering the major endocrine differences between 
patients undergoing ovarian stimulation and patients undergoing mNC-FET, we investi-
gated whether another progesterone threshold might apply in the context of mNC-FET.

A serum LH level of ≥ 10 IU/l was considered to indicate an LH surge (20,21). The combina-
tion of an LH surge and an elevated progesterone while the dominant follicle is still evident 
on ultrasound (so called premature luteinization) represents a different endocrine disruption 
than when progesterone levels alone are elevated. In order to study the specific impact of 
an isolated elevated progesterone, two subgroups were analyzed: one consisting of pa-
tients with an isolated elevated progesterone and one with patients demonstrating premature 
luteinization.

Statistical analyses
Given the retrospective nature of this study, no formal sample size calculation prior to the 
execution of this study could be performed. By calculating Cohen’ d based on the obtained 
Odds’ Ratio (OR) the effect size was calculated. In order to determine whether or not the 
present study was adequately powered the observed effect size was extrapolated to a post-
hoc sample calculation. All data were analyzed using SPSS (IBM version 22, Armonk, New 
York. USA). The primary endpoint was live birth rate. Secondary endpoints were clinical 
pregnancy rate, ongoing pregnancy rate and miscarriage rate. A Receiver Operating Curve 
(ROC) was constructed to identify a progesterone cut-off level with the best predictive value 
for live birth. The optimal cut-off value was identified after bootstrapping (1000 times) and 
calculating the Youden J-index. Pregnancy, live birth and miscarriage rates were compared 
using a χ2 test including calculation of Odd’s Ratio’s (OR). Comparison of median levels of 
progesterone between patients with and without pregnancy and/or live birth was performed 
using a Mann Whitney-U test. In order determine the robustness of our findings analyses 
were repeated after identifying and excluding outliers. Outliers were detected by using a 
generalized extreme studentized deviate (ESD) test . Baseline characteristics were com-
pared between patients in- and excluded in this trial to rule out selection bias. Depending 
on the distribution of data an one-way ANOVA or Kruskal-Wallis test was used to test for 
baseline characteristics between the different subgroups. In order to test whether or not the 
discriminating capacity for pregnancy and live birth of was influenced by other parameters 
possible confounding factors for live birth were identified with the use of recent literature. 
Those confounding factors with a p value < 0.2 were incorporated in a stepwise enter logistic 
regression analyses. Confounding factors with a p value < 0.05 were considered to be of 
significance.
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Table 1: Baseline characteristics. (1. presented mean with standard deviations or percentage 2. median 
including ranges, * significant  at p = 0.03, ** significant at p = < 0.01
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Results
Of the 495 patients included in the mNC-FET of the ANTARTICA trial, 394 underwent a fro-
zen-thawed embryo transfer. Treatment was cancelled in the other 101 either because of 
inadequate survival of the cryopreserved embryos or premature ovulation evidenced by the 
disappearance of the dominant follicle on ultrasound. In 271 patients undergoing embryo 
transfer, a blood sample was available for analyses. 

The subject mean age when entering the study was 33.2 years, and mean duration of infertil-
ity 3.0 years. The most common diagnoses were severe male infertility (41.2%), infertility of 
unknown origin (22.3%) and tubal pathology (15.1%). Slightly more patients had undergone 
an IVF-ICSI as initial treatment than IVF (144 versus 127) and on average patients had 0.6 IVF 
or IVF-ICSI treatments before the IVF or IVF-ICSI treatment from which these frozen-thawed 
embryos originated. Table 1 displays further overall baseline characteristics. Significant dif-
ferences in the number of IVF or IVF-ICSI treatments prior to the IVF treatment from which the 
frozen embryo in the present study derived (p = 0,03) and progesterone level (p < 0,01) were 
observed between patients with and without signs of premature luteinization.

The overall live birth rate per embryo transfer procedure was 14.4%. With the exception of 
mean scored embryo quality (mean score of 3.5 out of 4 versus 3.0 out of 4, p = 0.02) there 
were no differences in baseline characteristics between patients achieving clinical pregnancy 
and patients who did not. Figure 1 displays a flowchart of included patients. Around 31% of the 
original available cohort could not be included in the present analyses due to absence of an 
blood sample. In order to ascertain whether this may introduce a selection bias into the pres-
ent analysis, the baseline characteristics of the subjects sampled were compared with those 
from whom the sample was missing. No significant differences were observed (Table 2). We 
therefore conclude that the patients that did draw blood represents a random sample of the 
whole study population.

Figure  1: patient flowchart
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Table 2: comparison between baseline characteristics of those sampled versus those not sampled.
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Figure  2: ROC curve

Figure  3: Box-Wisker plot visualizing the distribution of progesterone levels and outliers
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Figure 2 shows the ROC curve constructed for progesterone. Based on the calculated 
Youden-J index a progesterone level of ≥ 4.6 nmol/l seemed to be associated with lower live 
birth rate. Sensitivity (51.3%) and specificity (63.2%) however were both low. The area under 
the curve of 0.54 was not significantly different from the true area (p = 0.4). In order to visual-
ize the distribution of progesterone levels as well as identifying the outlines a Box-Wisker plot 
was constructed (Figure 3). Three outliers were identified by the use of a generalized ESD 
test. The cut-off value for an outliers was defined as a progesterone level > 18.63 nmol/l. 

Repeating the construction of the ROC curve and the calculation of the Youden-J index 
excluding the identified outliers did not result in a different cut-off value. Analyses were per-
formed for both the cut-off progesterone level obtained in this study (4.6 nmol/l) as well as 
the cut-off value of ≥ 4.77 nmol/l, which is most commonly obtained in recent literature. An 
isolated elevated progesterone ≥ 4.6 nmol/l was observed in 66 of the 271 patients included 
(24.4%). A progesterone level ≥ 4.77 nmol/l was observed in 20.3% of patients (59 / 271). 
No significant impact on live birth rates was observed compared with cycles without an 
isolated elevated progesterone ≥ 4.6 nmol/l (12.9% versus 10.6%, OR 0.6, 95% confidence 
interval (CI) 0.19 – 1.9. p = 0.4). Moreover, no significant difference was evident in median 
progesterone level between patients who did or did not achieve a live birth (7.10 nmol/l in 
patients without a live birth versus 6.97 nmol/l in patients with a live birth, p = 0.16). Table 3 
summarizes the results with regard to live birth, clinical pregnancy, ongoing pregnancy and 
miscarriage rate as well as the results for the analyses performed with the threshold for an 
elevated progesterone level of ≥ 4.77 nmol/l. Based on the observed OR of 0.6 for live birth 
rate Cohen’d was - 0.28 which can be interpreted as a small result (22). Given the effect size 
404 patients should have been included in order to obtain robust statistical power. 

In 44.3% (120 / 271) a combination of both progesterone elevation and an LH surge was 
observed. The live birth rate was 11.9% in patients without premature luteinization versus 
17.5% in those with evidence of premature luteinization (OR 1.6, 95% CI 0.79 – 3.1, p = 0.2). 
Similar results were observed for clinical (23.2% versus 23.3%) and ongoing pregnancy rate 
(13.2% in patients without premature luteinization versus 17.5% with premature luteinization) 
(Table 4). For the cut-off level ≥ 4.77 nmol/l similar results were obtained. Live birth rates were 
not influenced by the presence of an LH ≥ 10 IU/l in case of a normal progesterone (11.1% 
(5 / 45) versus 15.0% (6 / 40), OR 1.4, 95% CI 0.40 – 5.0, p = 0.6). Similar effects were ob-
served  in clinical pregnancy rate, ongoing pregnancy rate and in miscarriage rate (Table 5). 
These results were not altered after adjusting the cut-off progesterone level to ≥ 4.77 nmol/l.

Univariate regression analyses showed that average embryo score, number of embryos 
transferred, fertility status and age during the ovum pick-up all had a p value of less than 
0.20. These possible confounding factors were incorporated beside progesterone level in a 
multivariate logistic regression analyses. Using an stepwise enter method the only significant 
predictor for live birth was average embryo score. The discriminating capacity of progester-
one was not altered by any of the confounding factors.
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Discussion
In this cohort study, an isolated elevated progesterone level ≥ 4.6 nmol/l was observed in 
over a fifth of patients undergoing mNC-FET. Signs of premature luteinization were observed 
in over 40%. However, neither were associated with a detrimental impact on either live birth 
rate or pregnancy rates. Given the small sample size confirmation studies should be carried 
out before refraining from routine monitoring of progesterone and LH levels in mNC-FET.

A previous, smaller retrospective study also reported a high incidence (28.4%) of proges-
terone elevation ≥ 5 nmol/l prior to the LH surge in patients undergoing true NC-FET (23). 
Overall no differences in clinical pregnancy rate and ongoing pregnancy rate were observed 
between patients with and without an elevated progesterone. A subgroup analyses within 
that study suggested it was not the level but the duration of progesterone exposure before 
the LH surge that is responsible for lower pregnancy rates. In the present study an isolated 
elevated progesterone at the moment of hCG injection was observed in 24.4% of all patients. 
The observed difference in incidence cannot be ascribed to the different approach in cycle 
monitoring. It may be ascribed to variations in progesterone assay performance (24-26). 
Park et al. showed that progesterone levels at the moment of ovum pick-up are not influ-
enced by patient characteristics. Whether these results can be extrapolated to natural cycles 
is not known (27).

Most of the recent information about elevated progesterone levels is derived from studies 
performed in patients undergoing ovarian hyperstimulation However, elevated progesterone 
levels prior to the LH surge in spontaneous cycles have been described in older studies 
(28,29). Ovulation was confirmed by direct visualization using laparoscopy and/or histologi-
cal examination of the corpus luteum. Given the imprecise method of ovulation detection the 
results of these studies cannot be translated to current practice. A recent study performing 
ultrasound cycle analyses combined with endocrine monitoring in both serum and urine 
in healthy volunteers showed that in the presence of a dominant follicle on ultrasound a 
progesterone level > 5 nmol/l was observed in 10% of included patients (30). In contrast to 
the observed frequency of progesterone elevation in natural cycles progesterone elevation 
before ovum pick-up is more frequently observed in patients undergoing hyperstimulation 
and is associated with lower implantation rates (3,4). A large meta-analysis containing over 
60.000 patients undergoing ovarian stimulation showed that pregnancy rates are diminished 
in patients with a progesterone level > 2.5 nmol/l (31). The outcome of subsequent FET 
cycles were not negatively influenced by an elevated progesterone level at the moment of 
ovum pick-up during the index IVF treatment. Comparable effects have been observed in 
patients undergoing intra uterine insemination with mild ovarian hyperstimulation (IUI-MOH) 
(32). The incidence of premature progesterone elevation in our study is higher than that 
reported in IUI-MOH and IVF. This might be explained by the use of GnRH agonist and 
antagonist in IVF and the strict criterion with regard to the maximum dominant follicle size 
before administrating hCG in the study by Requena et al. Moreover, this may reflect a local 
variation in progesterone assay performance, as this has been shown to be subject to local 
conditions. Clinics are therefore advised to determine their own cut off levels.
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The exact mechanism by which high progesterone levels diminishes pregnancy rates has 
not been fully elucidated, but dysregulation of genes determining the period of endometrial 
receptivity seem to play an important role (10,33,34). Compensating for the dysregulation by 
personalizing the timing of FET based on endometrial receptivity array (ERA) has been sug-
gested to improve pregnancy rates in patients with repeated implantation failure (35). While 
the present study did not relate progesterone levels to endometrial gene expression, no cor-
relation between elevated progesterone levels and clinical pregnancy rate was observed. It 
can therefore be proposed that elevated progesterone is simply a marker of a more complex 
endocrine and paracrine disruption which is set in motion by ovarian stimulation and which 
ultimately results in the observed changes in endometrial receptivity and diminished preg-
nancy rates.

LH surges occurring at the time of hCG administration are known to occur in a substantial 
number of patients (21,36). The incidence and effect of premature luteinization on preg-
nancy rates in this clinical context has been less studied. Both an isolated LH surge as 
well as premature luteinization seems to be without an evident effect on pregnancy rates. 
The presence of an LH surge at the time of hCG suggests that the ‘window of implantation’ 
might be opened earlier compared with cycles without an LH surge at the moment of hCG 
injection. Premature luteinization would point to even further endometrial advancement. 
Ignoring such events could result in an error in estimating the start of the ‘window of implan-
tation’ and hence the timing of embryo transfer. Whether or not determining endometrial 
receptivity by gene analysis or other means in patients experiencing both an isolated LH 
surge as well as premature luteinization in a natural cycle could improve outcomes is the 
subject of a current clinical trial (37).

So far, only one study has been published on the influence of endocrine monitoring in NC-FET 
(38). Extensive monitoring did not increased pregnancy rates after NC-FET compared to 
ultrasound alone. Extensive monitoring however, is presented as the golden standard for 
planning of thawing and embryo transfer by some (39). Given the increasing number of FET 
procedures performed world wide a more scientific foundation for monitoring in NC-FET is 
mandatory. Optimization of monitoring protocols will increase patient convenience as well as 
improve cost-efficiency. The presented data indicates that endocrine monitoring may add 
little to simpler monitoring based on  ultrasound assessment of follicle maturation. However, 
confirmation studies are necessary.

Despite the prospective nature of this study, a limitation is the number of patients included. 
In 123 of 394 patients a blood sample was, for varied reasons not drawn. Since there were 
no differences in baseline characteristics between patients included and excluded for analy-
ses, and since estrogen levels were not found to be markedly high in those tested, we deem 
the chance of selection bias to be small. As can be calculated based on the effect size, at 
least 404 patients should have been included for robust statistical power. The present study 
therefore does not have sufficient sample size to draw firm conclusions on both primary and 
secondary outcomes and therefore these results should be interpreted with caution. Further 
confirmation studies are warranted. The observed ongoing pregnancy rates are relatively 
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low compared to other recent studies. This may reflect the low number of embryos trans-
ferred, the prevalent transfer of cleavage stage embryos rather than blastocysts, the use 
of relatively liberal cryopreservation criteria and slow freeze techniques which have since 
been largely replaced by vitrification. Miscarriage rates are high compared to other reports 
on NC-FET. Given that baseline characteristics of patients included in the present study do 
not seem to defer from previous studies. Moreover, treatment related factors such as the use 
of slow-freeze cryopreservation, cleavage stage embryo transfer and embryo quality do not 
result in higher miscarriage rate. Therefore, we cannot explain the high miscarriage rate. In 
the present study predominantly cleavage stage embryo cryopreserved using a slow-freeze 
technique were used. The results of the present study might therefore not be applicable to 
FET cycles using blastocyst stage embryos or vitrification. Since clinical decisions on plan-
ning of thawing and transferring were made without any knowledge of progesterone and LH 
levels, the impact of rises in both hormones could be interrogated. Regretfully no information 
on follicle size at the time of hCG injection was recorded, so follicle size could not be related 
to progesterone elevation.

In conclusion, elevated progesterone levels are observed frequently in patients undergoing 
mNC-FET but seem to have little impact on live birth and pregnancy rates. A combination of 
elevated progesterone with an LH surge occurs in more than 40% of all patients and does not 
seem to have any consequences with regard to clinical pregnancy and ongoing pregnancy 
rate, live birth rate and miscarriage rate. As FET becomes more widely adopted as a routine 
alternative procedure to fresh embryo transfer, a great understanding of associated endo-
crine events such as premature luteinization on clinical outcomes is merited.
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Abstract
A possible relationship between endometrial thickness measured by transvaginal ultrasound 
and pregnancy rates has been reported in patients undergoing IVF and artificial cycle fro-
zen-thawed embryo transfer (AC-FET). Whether endometrial thickness influences pregnancy 
rates in natural cycle FET (NC-FET) is unknown. In this nested cohort study 463 patients allo-
cated to the modified NC-FET (mNC-FET) arm of a previously published RCT were included. 
Monitoring in mNC-FET cycles consisted of regular ultrasound scans, measuring both the 
dominant follicle and endometrial thickness. When the dominant follicle reached a size of 
16-20mm, a subcutaneous injection of human chorion gonadotrophin was administered and 
embryo thawing and transfer planned. No minimal endometrial thickness was defined below 
which transfer was to be deferred. The primary endpoint was ongoing pregnancy (OPR). To 
determine whether there was a minimal endometrial thickness below which OPR fell mark-
edly, a receiver operator curve (ROC) analysis was performed. Overall OPR per started FET 
cycle was 12.5% (58/463). The area under the ROC was 0.5 indicating that endometrial 
thickness had little discriminatory value. Given that endometrial thickness was not found 
to be predictive of pregnancy after mNC-FET cancellation based on endometrial thickness 
alone might not by justified.
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Introduction
In order for the human endometrium to become receptive to the embryo, it undergoes a phase 
of proliferation in response to estradiol exposure prior to the shift to a secretory state that 
characterizes the luteal phase (1,2). The increase in endometrial thickness and the appear-
ance of a hypo-echogenic trilaminar aspect can be visualized in a simple and non-invasive 
way using ultrasound (3). After ovulation, under the influence of progesterone, proliferation is 
arrested and maturation of the glandular and stromal components of the lamina functionalis 
occurs (1,2). The appearance of the endometrium changes, becoming more compact and 
hyper-echogenic. Cyclic changes in the ultrasonic appearance of the endometrium underlie 
current clinical means of assessing whether or not the endometrium has adequately devel-
oped and has reached a state of receptivity.

While various ultrasonic parameters have been suggested, the most commonly used pa-
rameter to assess endometrial receptivity is endometrial thickness. A recent survey showed 
that in over 75% of frozen-thawed embryo (FET) programs, endometrial thickness is routinely 
measured (4). Even though the predictive value of endometrial thickness in NC-FET has not 
yet been subject to extensive evaluation, a minimal of 7mm in order to proceed with thawing 
and transferring is widely applied in FET programs. Current practice is therefore based on 
the interpretation of studies of the predictive value of endometrial thickness for achieving 
pregnancy in patients undergoing ovarian stimulation or taking exogenous hormone supple-
mentation in preparation of FET. However, these studies have shown conflicting results and 
none have controlled for any known confounding factors such as age or ethnicity (5-9). Since 
proliferation of the endometrium is governed by estrogens, which are generated in supra-
physiological concentrations during ovarian stimulation, the results of these studies cannot 
be applied to spontaneous conceptions or patients undergoing natural cycle FET (NC-FET). 
In NC-FET endocrine control of the cycle is obviously not altered and endometrial develop-
ment depends on endogenous estrogen and progesterone alone.

If endometrium thickness in NC-FET does influence pregnancy rates, it would be helpful 
to identify a minimal endometrium thickness below which clinical pregnancy rates are de-
creased. Cancellation of treatment cycles in which the endometrial thickness falls below this 
cut-off value and altering the endometrial preparation regimen might improve outcomes. 
In this cohort study, the predictive value of late follicular phase endometrial thickness for 
achieving pregnancy after modified NC-FET (mNC-FET) was investigated. Moreover, we 
sought to establish if there is a minimal endometrium thickness at which cancellation of treat-
ment could be considered.
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Materials and methods
Patients and procedures
All subjects were participants in a previously published multicentre randomized controlled 
trial (RCT) (10,11). The patients included in this RCT were between 18 - 40 years old and 
the frozen-thawed embryos transferred derived from one of the first three conventional IVF 
or IVF-ICSI treatments. Subjects had regular menstrual cycles (24 to 35 days). All subjects 
provided written informed consent. Patients with a contra-indication for one of the prescribed 
medicines in artificial cycle FET (AC-FET), a uterine anomaly or who were undergoing IVF 
for the purpose of gamete donation were excluded. Previous intra-uterine surgery was not 
an exclusion criterion.  Included patients were randomized between AC-FET and mNC-FET 
using a various size block randomization resulting in an overall one to one allocation. Those 
patients randomized to mNC-FET were included in the present study. 

From cycle day 10 to 12 all patients underwent daily or every other day ultrasound exam-
ination of the follicle size and endometrial thickness. Ultrasound was performed using a 
vaginal ultrasound with a 2D, 5 MHz probe. The endometrial thickness was measured in 
the longitudinal plane placing the calipers on the outer lining of the endometrium. When 
a dominant follicle of 16 – 20mm was measured, a single hCG injection (5000 IU Pregnyl® 
or 250 microgram Ovitrelle®, Merck, Kenilworth, U.S.A.) was administered the same day. 
Measurements of the endometrium were carried out until the day of hCG injection. No ad-
ditional endocrine monitoring was performed and no luteal phase support was prescribed. 
No cancellation criteria relating to the endometrial thickness were described in the study 
protocol but if the dominant follicle was no longer visible during ultrasound, treatment was 
cancelled based on a suspicion of ovulation in order to avoid incorrect timing of thawing and 
transferring. Planning of thawing and transfer were based on the day of hCG injection and 
the developmental stage of the embryo. Cleavage stage embryos were thawed on the 4th or 
5th day after hCG injection, blastocyst stage embryos on the 6th day. Embryo transfer was 
performed on the day of thawing or the subsequent day. All embryos were cryopreserved 
using a slow-freeze technique. Embryos were scored and selected after thawing based on 
morphological features. All participating centres used a uniform scoring system based on 
the Istanbul consensus and embryos were given a summary score describing them as good, 
reasonable, moderate or poor quality (12). A maximum of three embryos per transfer was 
permitted within the study design.

Statistical analysis
The primary endpoint in this study was ongoing pregnancy, defined as an intrauterine 
pregnancy with fetal cardiac activity from 12 weeks of pregnancy of gestation detected on ul-
trasound. Secondary endpoints included clinical pregnancy rate (CPR), live birth rate (LBR) 
and  miscarriage rate (MR). Analysis were performed according to the principle of intention-
to-treat (outcome per started treatment) and per protocol (outcome per embryo transfer). 
Given that the cohort studied in the present study derived from a RCT that was designed 
for another purpose, a formal sample size calculation prior to the present analysis was not 
performed. SPSS (IBM, Armonk, New York. USA) was used to perform statistical analysis. To 
provide information on the distribution of the endometrial measurements Box-Whisker plots 
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were drawn. To determine whether endometrium thickness influences  pregnancy and/or live 
birth rates, pregnancy and live birth rates per quartile were calculated and compared using 
a Chi2-test. Then, to determine the predictive value of endometrial thickness for clinical preg-
nancy, and to identify a thickness below which CPRs were significantly reduced, a receiver 
operator curve (ROC) was constructed. A student t-test was performed to test for signifi-
cant differences in average endometrium thickness in patients that became pregnant versus 
those who did not. A subgroup analysis using a Chi2-test or Fishers’ exact-test, depending 
on the distribution of cases in the cross-table, was performed including calculation of Odds 
Ratio (OR) and 95% confidence intervals (CI) to estimate the effect of a thin endometrium (< 
7mm) (4,5). In order to control for confounding factors for ongoing pregnancy, a multivariate 
regression analysis was performed. Those factors with a p level ≤ 0.2 in the univariate logistic 
regression analysis were incorporated into the multivariate logistic regression analysis. A 
confounding factor was considered significant if a p level < 0.05 was reached. Baseline 
characteristics were compared between pregnant patients and non-pregnant patients with 
the help of a student t-test, Mann-Whitney U test or Chi2 test depending on the distribution 
and type of the data.

Results
Between February 2009 and April 2014, 969 patients were included in the RCT of which 
495 were randomized to undergo mNC-FET. No endometrium thickness was recorded in 
32 patients and these patients were therefore considered lost to follow-up leaving 463 pa-
tients for analysis. Treatment was cancelled in 85 patients. In three patients there was a 
matter of protocol violation and treatment was cancelled based on endometrial thickness 
The flowchart in figure 1 summarizes the distribution of patients and summarized reasons for 
cancellation. The average female age at the time of randomization was 33.3 years and the 

Figure 1: patients 
flowchart
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average duration of infertility was 2.9 years. Most patients included underwent IVF-ICSI treat-
ment [264 (53.3%) IVF-ICSI versus 231 (46.7%) conventional IVF] and in 78 patients (15.8%) 
the fresh IVF-ICSI treatment resulted in live birth. Subjects included in the present study had 
undergone a mean of 0.65 IVF treatment cycles prior to the IVF treatment from which the 
frozen-thawed embryos transferred originated. The clinical indications for treatment in the 
majority of patients were severe male factor (216/463, 40.8%) followed by unexplained sub-
fertility (113/463, 21.3%) and tubal occlusion (79/463, 14.9%). The full distribution of causes 
of infertility is shown in Table 1. Study subjects received a mean of 1.0 embryos during 
transfer. The average embryo score was ‘reasonable to good’. No information on whether or 
not patients had a history of intra-uterine surgery was available. 

Table 1: patients characteristics
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Overall OPR was 12.5% (58/463) and  CPR and LBR were respectively 19.6% (91/463) and 
12.1% (56/463). The Box-Whisker plots in Figure 2 illustrate the distribution of endometrial 
thickness among the various outcomes. Mean endometrial thickness did not differ signifi-
cantly between patients who achieved an ongoing pregnancy and those that did not (9.0mm 
versus 8.8mm, p = 0.4). Similarly, no significant differences in mean thickness were observed 
between cycles resulting in  clinical pregnancy, live birth or miscarriage (Table 2). 

Table 2: pregnancy, miscarriage and live birth rates

Figure 2: distribution of endometrial thickness
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In order to calculate whether or not pregnancy and live birth rates were influenced by endo-
metrial thickness in the highest or lowest quartile of measurement distributions, pregnancy 
and live birth rates per quartile were compared (Table 3). No difference in pregnancy or live 
birth rates per quartile was observed. Figure 3 displays the ROC curve constructed from the 
data available. The area under the curve was 0.5, indicating that endometrial thickness had 
no value in predicting who would achieve an ongoing pregnancy (p = 0.5) No cut-off value of 
endometrial thickness under which pregnancy did not occur could be identified. 

An endometrial thickness of 7mm is often considered to be a minimal requirement for proceed-
ing to thawing an transferring (4). In order to examine the effect of a thin endometrium (< 7mm) 
on CPR, OPR, LBR and miscarriage rate, subgroups separating patients with an endometrium 
of < 7mm from patients with an endometrium of ≥ 7mm were created. 41 patients (8.9%) had 
an endometrium of less than 7mm. 4.9% of these FET resulted in an ongoing pregnancy versus 
13.3% clinical pregnancies in patients with an endometrium of ≥ 7mm. Table 4 shows the non-
significant trend towards lower CPR and OPR with an endometrium below 7mm.

Various confounding factors for pregnancy and live birth after FET have been described. In 
order to correct for these factors a univariate logistic regression analysis was performed. Those 
parameters with a p value of ≤ 0.20 were included in the multivariate analysis. The multivariate 
analysis was performed using a stepwise enter method. Included non-significant variables 
were age at the moment of randomization  (OR 1.0, 95% CI 0.9–1.1),  duration of cryopreserva-
tion (OR 0.8, 95% CI 0.7–1.6), total number of IVF treatment including the index treatment 
(OR 1.1, 95% CI 0.7– 1.5), pregnancy after fresh embryo transfer in the index treatment 

Figure 3: ROC curve 
constructed from the data 
available.
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(OR 1.1, 95% CI 0.5 – 2.4), total number of prior FET (OR 1.0, 95% CI 0.8 – 1.4), number of 
embryos transferred (OR 1.4, 95% 0.7 – 2.7), stage at the moment of cryopreservation (OR 1.4, 
95% CI 0.5 – 3.7) and embryo survival (OR 0.9, 95% 0.8 – 1.0). Average embryo quality was 
the only significant confounding factor (OR 2.0, 95% CI 1.4 – 3.0, p < 0.01). The impact of an 
endometrial thickness < 7mm on achieving a clinical pregnancy remained non-significant after 
correcting for age (OR 1.0, 95% CI 0.8 – 1.1). 

Discussion
The present study assesses the effect of endometrial thickness on pregnancy rates in modified 
NC-FET. In this prospective cohort study, no statistically significant relationship between endome-
trium thickness, CPR, OPR, LBR and MR in patients undergoing mNC-FET could be established. 
No minimal endometrium thickness to proceed treatment without compromising pregnancy rates 
could be identified. Caution is however warranted given the relatively small sample size. 

Two large retrospective studies have reported significantly lower CPR in patients undergoing 
AC-FET who achieved an endometrium thickness less than respectively 8 and 9mm (7,8). In 
another study of  patients undergoing AC-FET, pregnancy rates were shown not to be influenced 
by endometrial thickness (6). However, since a minimal endometrium of ≥ 9mm was required 
by Check et al. for embryo thawing and transfer to proceed the impact of a thin endometrium 
was not assessed. A small retrospective study containing 62 patients undergoing true NC-FET 
showed a small negative effect on outcomes of an endometrial thickness < 7mm (13). However, 
a recent meta-analysis of studies in IVF cycles concluded that endometrium thickness has a 
limited capacity for predicting pregnancy (5). The authors did report lower pregnancy rates in 
women with an endometrium thickness of < 7mm, but this was a relatively rare event, being 
observed in only 2.4% of the patients. In the present study, an endometrial thickness < 7mm 
was observed in 8.9% of the patients. This difference in incidence might reflect the use of ovar-
ian stimulation in the reviewed studies. Taken together, a trend towards lower pregnancy rates 
in woman with an endometrial thickness < 7mm is observed, and while often cited as a reason 
to cancel cycles caution is required because the number of patients in the published subgroup 
analysis are limited (4). Therefore, larger cohort studies are needed. Aside from the impact on the 
probability of achieving a pregnancy, some suggest that endometrial thickness may be a factor 
that also influences risk of obtaining pregnancy complications (14,15). However, data is sparse.

It remains unclear what aspect of endometrial function is represented by its thickness at the 
end of the proliferative phase. Ultrasonic measurement of the endometrium thickness has been 
reported to reflect the histological, immunological as well as gene-expression features related 
to optimal receptivity. However, the literature is conflicting in this regard (16,17). Recent studies 
using a proprietary endometrial gene array (Endometrial Receptivity Analysis (ERA), Igenomix, 
Valencia) have shown no correlation between endometrial thickness and dating of endometrial 
maturity (18). The question therefore remains whether or not, in the absence of Ashermans’s 
syndrome, a thin endometrium represents a pathophysiologic process. It is widely considered 
to indicate an impaired development of the glandular epithelium as well as poor angiogenesis 
that might be the cause of inadequate endometrial thickness (19). Reduced blood flow due to 
an increased vascular impedance of uterine and radial arteries also has been observed more 
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profoundly in patients with a thin endometrium (20,21). However, Casper has proposed that the 
thin endometrium might impair implantation by reducing the distance between the surface epi-
thelium and underlying vessels (22).

In order to improve the predictive value of ultrasonic evaluation of the endometrium some have 
suggested applying additional measurements of (sub) endometrial flow, volume, and pattern. 
However, the additional value of these measurements in predicting pregnancy during IVF and 
FET has not yet been demonstrated (23-27).

A number of limitations of this study need to be considered when interpreting the presented 
findings. The studied cohort was derived from an RCT designed for another purpose. A formal 
sample size calculation therefore could not be performed. Given the mean endometrial thickness 
and associated standard deviations, the observed effect size is small (Cohen d 0.11, effect size 
0.055). In order to test for such a small effect size a substantial larger sample size would be 
required to reach robust statistical power. It must be noted that CPR, OPR and LBR were rela-
tively low compared to those reported by other studies. The number of transferred embryos, the 
percentage of cleavage stage embryos and the suboptimal embryo quality might be the cause 
of this discrepancy. However, it cannot be excluded that any impact of endometrial thickness 
was masked by other factors that could have contributed to  the overall low pregnancy rates ob-
served. The conclusions in relation to live birth and miscarriage should be interpreted with some 
caution due to the number of patients included in this analysis. All embryos were cryopreserved 
using a slow-freeze procedure, and this method is being largely replaced by vitrification which 
appears to improve embryo survival after thawing. However, given that endometrial receptivity is 
not considered to be influenced by the method of cryopreservation the results can be considered 
as valid (28-30). 

The study has a number of important strengths. Since no minimal censoring endometrium thick-
ness was defined in the original study protocol, the effect of the whole spectrum of endometrial 
thicknesses in mNC-FET could be studied. In three patients, protocol violation lead to embryo 
transfer being withheld because of endometrial thickness, but this low number is unlikely to impact 
on the study findings. The lack of censoring with regard to endometrial thickness combined with 
the number of patients included allows robust conclusions to be made with regard to the impact 
on achieving clinical and ongoing pregnancy. Considering that both secondary and tertiary clin-
ics participated in this study and that commonly applied 2D ultrasound was used, the study 
findings are applicable to daily practice. Inter-observer agreement of endometrium thickness 
measurement is excellent and we therefore consider, despite the great number of physicians 
involved, the risk on and influence of inter-observer variation marginal (31-33).

In conclusion, based on the results of the present study, thawing and transferring can be planned 
irrespective of endometrial thickness. While pregnancy rates were lower in patients with an en-
dometrial thickness of < 7mm pregnancy rates, the effect was mild and cancelling cycles 
solely on the basis of endometrial thickness may not therefore be indicated in mNC-FET. 
These conclusions should be confirmed in a larger cohort study. 
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Abstract
Since live birth rates after FET appear to be unaffected by the method of endometrial prepa-
ration further emphasis should be placed on the optimizing of the (cost)efficiency of these 
methods. In this cohort study we determined the discriminatory capacity of various endo-
crine and ultrasound markers in addition to monitoring of the dominant follicle to correctly 
predict clinical pregnancy. In 270 patients a blood sample was drawn at the day of hCG 
administration and analysed for FSH, estradiol, LH and progesterone. Regression analyses 
showed that nor (combined) endocrine parameters nor endometrial thickness had any addi-
tional discriminatory capacity for predicting clinical pregnancy compared to just monitoring 
the dominant follicle. A ROC curve based on the predicted probability for clinical pregnancy 
of four common monitoring protocols resulted in an area under the curve (AUC) varying 
between 0.56 and 0.58. The ROC curve of protocol D (monitoring of FSH, estradiol, LH and 
progesterone levels complimented with endometrial thickness measurement) was the only 
curve to differ significantly from the true area (p <0.01). Nevertheless, based on the AUC we 
conclude that endocrine and endometrial monitoring in addition to ultrasound monitoring of the 
dominant follicle does not discriminate between patients that conceive and those that do not.
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Introduction
Recent studies of natural cycle frozen-thawed embryo transfer (NC-FET) reveal a wide vari-
ety of approaches to preparing the endometrium for transfer of a frozen-thawed embryo. The 
most striking difference between these protocols is the method used to plan and time sub-
sequent thawing and transferring (1-7). While some studies describe the use of a, so called 
‘true’ NC-FET (tNC-FET), in which timing of thawing and transferring is determined based on 
the detection of the luteinizing hormone (LH) surge and subsequent ovulation, others employ 
a modified NC-FET (mNC-FET). In mNC-FET planning is based on ultrasonic monitoring of 
the developing dominant follicle and an injection of human chorion gonadotrophins (hCG) 
once the dominant follicle is of sufficient size. Despite the different approaches in estimat-
ing the precise moment of ovulation to subsequently determine the moment of thawing and 
transfer, pregnancy and live birth rates seem comparable (8).

In addition, differences can be observed in reported degree of endocrine monitoring. The 
addition of routine serum hormone monitoring to ultrasound monitoring assumes that exten-
sive monitoring leads to improved timing of thawing and transferring and thereby improves 
both pregnancy and live birth rates. Virtually all studies describe some means of monitoring 
of the development of the dominant follicle and the endometrium by ultrasound. However, 
practices with regard to serum hormone measurements vary tremendously. The wide variety 
in monitoring protocols applied was recently illustrated in a survey on endometrium prepara-
tion in frozen-thawed embryo transfer (9). The outcomes of this survey are summarized in 
Figure 1. The extent to which monitoring, both by ultrasound and endocrine parameters, 
influences cycle cancellation also varies. In some studies, the cancellation criteria described 
for modified NC-FET were limited to endometrial thickness (1,2). Others used more or less 
extensive endocrine monitoring to rule out ovulation prior to hCG administration. The means 
by which ovulation was ruled out varied between detecting the onset of an LH surge and 
estimating whether or not estradiol levels had decreased in combination with a rise in pro-
gesterone levels (4,5,7).  

Figure 1: results of survey on monitoring strategies in NC-FET  
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Monitoring in NC-FET aims to optimize synchronization between endometrium and embryo 
by timely thawing and transferring of the cryopreserved embryo. Given the key role that 
progesterone plays in the induction of a state of optimal endometrial receptivity monitoring 
in NC-FET often focusses on identification of the (expected) start of progesterone exposure. 
Repeated measurements serum follicle stimulating hormone (FSH) and estradiol levels sup-
port the ultrasonic monitoring of the dominant follicle during the follicular phase. Moreover, 
since serum estradiol levels are correlated to the maturity of the dominant follicle, measuring 
estradiol levels may help in timing the start of luteinizing hormone (LH) and progesterone 
monitoring (10). The precise moment of ovulation can be estimated using the onset of the LH 
surge and the concomitant rise of progesterone. If the LH surge and the rise in progesterone 
are accompanied by a drop in estradiol levels, ovulation and the start of the luteal phase are 
confirmed. Especially in mNC-FET, the presence of an LH surge in the presence of a domi-
nant follicle on ultrasound, whether or not accompanied by a rise in progesterone, suggests 
that ovulation might take place earlier than anticipated. Ignoring such an event might result 
in a desynchronization of endometrium and embryo and might result in lower pregnancy 
rates (2,7).

Despite being common practice it remains unclear whether extensive monitoring results in 
more precise timing of embryo thawing and transfer and thereby better clinical outcomes. In 
the present cohort study, we analysed the discriminatory ability of 4 monitoring strategies in 
addition to ultrasound monitoring of the dominant follicle alone for clinical pregnancy.
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Material and methods
Patients
Starting February 2009 until April 2014 patients were recruited for the purpose of a multi-
center RCT comparing live birth rates in mNC-FET with live birth rates in artificial cycle FET 
(AC-FET) (6). Subjects participating in the ANTARCTICA trial were 18 to 40 years old and 
had an ovulatory cycle with a duration of 26 to 34 days. The frozen-thawed embryos to be 
transferred originated from one of the first three IVF or IVF-ICSI treatment. Patients with a 
contraindication for Progynova® or Utrogestan®, which was used in the AC-FET, were con-
sidered ineligible. Patients with an uterine anomaly or recipients of a donor embryo were 
also excluded from participation. Only patients randomized to mNC-FET arm of this trial were 
included in the present study. Further details on this study can be found in the previously 
published study and study protocol (6,11). Approval of the RCT was obtained by the ethical 
committee of Isala clinics in Zwolle.

Monitoring
Monitoring of the mNC-FET consisted of repeated (daily or every other day) ultrasound mea-
surements of the endometrium and the dominant follicle. Taking the length of the cycle into 
consideration ultrasound monitoring was commenced day 10, 11 or 12 of the cycle. As the 
monitoring frequency was not demanded in the protocol, the treating physician decided 
when to plan the next ultrasound. An injection with hCG (5000IE Pregnyl® or 250 micrograms 
Ovitrelle®) was given when the dominant follicle reached a mean diameter of 16-20mm. Luteal 
phase support was not prescribed. Before administrating the hCG injection, a single blood 
sample was drawn. These samples were stored at minus 20 degrees Celsius after centrifu-
gation at 1500g at the study site. Samples were collected after termination of the ANTARTICA 
trial. In the central laboratory all samples were analyzed according to ECLIA method on the 
Cobas8000, module 602. Intra- and inter-assay coefficients are summarized in Table 1.

All embryos were cryopreserved using a slow-freeze technique. The decision whether or not 
to cryopreserve the supernumerary embryos was made prior to the study and was based on 
the criteria of each individual participating hospital. Both cleavage stage (day 3 and 4) as 
well as blastocyst stage (day 5) embryos were transferred in this study. Timing of thawing 
was based on the timing of hCG injection in combination with the developmental stage of 
the embryo. The transfer was performed on the day of thawing or the next day depending on 
local hospital policy. A maximum of three embryos could be transferred. Post-thaw embryo 
quality was scored using a standardized scoring system (12). Embryo quality was reported 
as being good, reasonable, moderate or poor.

Table 1: intra- and interassay coefficients
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Primary outcome
In this study clinical pregnancy was adopted as the primary outcome. Clinical pregnancy 
was defined as a pregnancy with evidence of a fetal heartbeat at ultrasound at a gestational 
age of 7-8 weeks. Ideally, adequate timing of thawing and transfer would have been the 
primary outcome. Given there are no methods to affirm optimal timing, pregnancy should be 
considered as evidence of optimal synchronization of endometrium and embryo. Therefore, 
clinical pregnancy was employed as a surrogate marker of timing and thus as primary out-
come. 

Statistical analyses
The studied cohort was derived from a non-inferiority RCT designed to compare live birth 
rates (LBR) between AC-FET and mNC-FET (6). The maximum number of variables included 
in each of the multivariable regression analyses was determined based on the number of 
patients as well as the so called ‘events per variable’ rule. This rule states that the maximum 
number of variables in the logistic regression analyses allowed depended on the number 
of patients with an outcome, i.e. at least 10 patients with a positive/negative outcome are 
required for each independent variable that is included in the logistic regression analyses 
(13-15). Given the number of patients reaching the primary outcome (63 out of 270 pa-
tients), a maximum of 6 independent variables could be fitted in each prognostic model. 
Based on previous publications as well as a recent survey, 4 monitoring strategies which are 
commonly used complementary to ultrasound monitoring of the dominant follicle alone were 
identified (1-5,7,9). The tested monitoring protocols included A) endometrial thickness, B) 
LH and progesterone at the moment of hCG, C) FSH, estradiol, LH and progesterone at the 
moment of hCG and D) FSH, estradiol, LH, progesterone and endometrium thickness at the 
moment of hCG.

Statistical analyses were performed using Statistical Packages for Social Sciences version 23 
(SPSS. IBM, Armonk, New York. USA). First, univariate logistic regression analyses were per-
formed testing the association between the individual ultrasound and endocrine parameters 
and clinical pregnancy. Since LH and FSH did not comply with the assumption for logistic 
regression they were categorized and checked again for their linear relationship with the log 
odds of the outcome before being fitted in the logistic regression analyses. P level < 0.05 
was chosen for significance level. Pearson correlation coefficients were calculated to test for 
the presence of multicollinearity between parameters. A correlation coefficient > 0.80 was 
considered to confirm this (16). Subsequently, multivariable logistic regression analyses were 
conducted to test the predicting capacity of the various monitoring protocols for identifying 
clinical pregnancy. All logistic regression analyses were performed using the enter method. 
Adequate predicting capacity was concluded for those factors that reached significance in 
the prediction model (p< 0.05). Using logistic regression analyses the predicted probability 
of each monitoring protocol on patient level was calculated. These predicted probabilities 
were then plotted in a ROC curve. In order to determine which of the monitoring protocols 
had the best discriminatory capacity in identifying clinical pregnancy the distance between 
the ROC curves to the reference line (marking the true area of AUC 0.5) representing the null 
hypothesis was tested. In addition, the differences between the mutual area under the curves 



149

ch
ap

te
r 

 8

(AUC) were calculated incorporating bootstrap (1000 times) (17). All tests were conducted 
two sided at a significance level of p <0.05.

Results
Of the 495 patients that were randomized to mNC-FET 101 patients were cancelled. 
Inadequate embryo survival was the predominant reason for the failure to transfer (67.3%), 
followed by suspected premature ovulation suspected by the disappearance of the dominant 
follicle on ultrasound (20.8%). Other less frequent reasons for cancellation were inadequate 
development of the dominant follicle (5.9%), insufficient endometrial thickness (3%) and 
laboratory problems (2%). In the remainder 394 patients, 270 patients had full endocrine 
screen as well as ultrasonic measurement of the endometrium available. These patients were 
included in the present analysis (Figure 2). The 124 missing samples should be regarded 
as a protocol violation. Patients included in this analyses had no differences with regard to 
baseline characteristics compared to those patients not sampled and included (Table 2).

Patients had a mean age of 33.3 years at the time of randomization. Mean duration of sub-
fertility was 3.0 years. In 102 (37.8%) patients there was a primary subfertility. Severe male 
infertility was the main cause of the subfertility in 40.7% of patients, followed by unknown 
cause (22.8%) and tubal factor (15.2%). Predominant initial treatment was IVF-ICSI (52.6% 
IVF-ICSI versus 47.4% IVF). Patients received on average 0.6 IVF or IVF-ICSI treatment prior 
to the index treatment from which the cryopreserved embryos transferred in the present 
study derived. Overall clinical pregnancy rate (CPR) was 23.3% (63 / 270). Table 2 presents 
further details on baseline characteristics.

Figure 2: patients flowchart 
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Table 2: baseline characteristics including comparison with those patients not sampled.
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Univariate logistic regression analyses showed for all monitoring factors no significant re-
sults (Table 3). The multivariable logistic regression analyses performed in order to test the 
discriminatory capacity of the monitoring protocols to predict clinical pregnancy showed 
that none of the protocols had sufficient discriminating capacity. For all protocols the pro-
portion of explained variance was low suggesting that a maximum of 4.6% of variance of 
the outcomes can be explained based on the protocols tested. Based on the results of the 
Hosmer-Lemershow test it can be concluded that all tested protocols had appropriate fit. 
Given that the Pearson correlation coefficient showed a positive correlation between LH and 
FSH monitoring (Pearson R = 0.87), protocol C and D were also tested leaving first LH and 
second FSH out. The discriminative power of these protocols based on the multivariable 
logistic regression analyses was not altered by the removal of either parameter. Nagelkerke’s 
variance, however, was slightly lowered by the removal of either variables. Table 4 summa-
rizes the outcomes of the multivariable logistic regression analyses.

Table 3: univariate regression analysis.

Figure 3: ROC curves 
of tested monitoring 
protocols.



152

ch
ap

te
r 

 8

Ta
bl

e 
4:

 m
ul

tiv
ar

ia
bl

e 
re

gr
es

si
on

 a
na

ly
se

s.



153

ch
ap

te
r 

 8

Figure 3 shows the ROC curves constructed for displaying the discriminating capacity of 
each monitoring protocol. The AUC varied between 0.56 for models A and B and 0.58 for 
monitoring protocol D. Monitoring protocol D was the only model that differed significantly 
from the true area (p < 0.01). Comparing the mutual AUCs none of the protocols could be 
preferred over another (Table 5). An AUC of 0.5 - 0.7 is considered to indicate low accuracy 
(18). Despite the fact the AUC of protocol D is significantly different from the true area of 0.5, 
the magnitude of the AUC suggests that all tested protocols including protocol D have little 
discriminatory capacity with regard to clinical pregnancy.    

Discussion
Despite the extensive practice of FET worldwide, little is known about the optimal monitoring 
strategy in NC-FET. The results of the present study, suggest that, compared with simple ap-
proaches such as measuring the dominant follicle alone, extensive monitoring in mNC-FET 
has little more discriminatory power to predict clinical pregnancy. Given that clinical preg-
nancy can be regarded as a marker for successful synchronization between endometrium 
and embryo, it can be inferred that extensive monitoring does not seem to aid planning the 
thawing and transfer. Whether monitoring indeed can be limited to ultrasonic measurement 
of the dominant follicle in order to plan hCG administration alone without compromising preg-
nancy rates should be confirmed in future randomized studies.

Over the last decennium a substantial rise in the number of FET cycles has been observed 
(19,20). Anticipating the results of various ‘freeze-all’  studies this number might increase 
even further. Since live birth and pregnancy rates are not influenced by the method of endo-
metrial preparation, the emphasis should be placed on improving patients convenience and 
(cost) efficiency of the endometrial preparation methods available (6,8,21). Limiting monitor-
ing to ultrasound measurement of the dominant follicle might offer such improvement. So far, 
one retrospective study comparing extensive with simple monitoring has been performed. 
Given that pregnancy rates were not negatively influenced by ultrasound only, the authors 
concluded that simple monitoring offers a patients friendly alternative to extensive monitoring 
(22). If indeed simple monitoring does not diminish pregnancy rates it would be interesting 
to know whether performing NC-FET based solely on identification of the LH surge results 
in comparable CPRs. To the best of our knowledge no such studies have been performed. 

Table 5: distance between ROC curves and P value.
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Since urine LH levels are interchangeable with serum levels, the appearance of the LH surge 
can be estimated using LH urine tests (23).  Special urine LH kits offer patients the possibility to 
reduce the number of hospital visits and thereby increase convenience. Moreover, performing 
tNC-FET with timing based on LH urine test will substantially reduce healthcare cost.

The main objective of extensive monitoring in mNC-FET is to ascertain adequate synchro-
nization of embryo and endometrium. When circumstances are met that might disturb this 
synchronization, the cycle can be cancelled or timing of thawing and transfer adjusted. Given 
that an estradiol level of approximately 1000 ng/l confirms the presence of a mature dominant 
follicle, estradiol levels are often monitored to confirm the normal development of the dominant 
follicle and to determine when monitoring of LH levels or ovulation triggering should be com-
menced (10,23). Based on the results of the present study, measuring estradiol or FSH in 
addition to ultrasound evaluation of the dominant follicle does not improve the prediction of 
pregnancy and by inference is unlikely to improve timing of thawing and transfer. Comparable 
results have been obtained in patients undergoing ovarian stimulation (24,25).

While in true NC-FET monitoring of the serum or urine LH levels serves an obvious purpose, 
in mNC-FET this purpose is less obvious since planning is based on the moment of hCG 
injection and the expected ovulation 34-36 hours later (26). LH levels are often monitored 
under the hypothesis that the presence of an LH surge at the time of the hCG administration 
leads, if ignored, to lower pregnancy rates. Disregarding an emerging LH surge might result 
in desynchronization between embryo and endometrium and therefore treatment is often 
cancelled if an LH surge is present at the intended moment of hCG administration. LH surges 
at the time of hCG administration are however, frequently observed and do not seem to di-
minish clinical and ongoing pregnancy rates (27). A recent study by Montagut et al. showed 
that in the presence of an LH surge, deferring from ovulation triggering and planning thawing 
and transferring based on the appearance of the LH surge resulted in high CPR (7). Further, 
prospective, studies regarding the influence of LH surge at the moment of hCG administra-
tion as well as whether or not timing should be altered in the event of an LH surge should be 
performed. Progesterone is often co-measured with LH in order to test whether luteinisation 
has commenced despite the absence of visible evidence on ultrasound. Ignoring this so 
called premature luteinisation might, in theory, lead to an even greater degree of asynchrony 
between endometrium and embryo and might undermine pregnancy and live birth rates 
more extensively. Moreover, the possible negative influence of elevated progesterone levels 
on pregnancy and live birth rates after ovarian stimulation continue to be debated. So far, 
the limited studies of the significance of elevated progesterone levels in NC-FET have failed 
to show a negative influence on both pregnancy and live birth rates (28). In our study both 
LH as well as progesterone levels showed insufficient discriminating capacity with regard to 
predicting both clinical pregnancy. As can be concluded from the ROC curve, combining 
endocrine parameters did not enhance the predictive value.

In most studies on mNC-FET monitoring consists of regular ultrasonic evaluation of the domi-
nant follicle and endometrium. While ultrasonic evaluation of the dominant follicle is an obvious 
requirement for timing the hCG injection, monitoring of the endometrial thickness does not 
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seem to be mandatory. Endometrial thickness is monitored assuming that it reflects, to some 
extent, endometrial receptivity. So far, no studies have been able to show that endometrial 
thickness in NC-FET does reflect functionality (29,30). In the present study endometrial thick-
ness had no discriminating capacity with regard to predicting clinical pregnancy. The fact 
that three patients were cancelled and therefore excluded based on endometrial thickness 
does, in our opinion not alter these conclusions. Combing ultrasound with extensive endo-
crine monitoring did not improve the discriminating value. 

A number of limitations should be considered when drawing conclusions from the present 
study. This is an exploratory cohort study an therefore the value of endocrine and endo-
metrial monitoring should be further investigated using a robust study design, preferably a 
randomized controlled trial. Another important limitation is the fact that adequate timing of 
thawing and transfer in itself cannot serve as a primary endpoint. Given that pregnancy can 
be considered the ultimate proof of adequate timing, clinical pregnancy can be employed 
as a surrogate marker of timing. However, since numerous factors other than timing play 
a vital role in achieving pregnancy interchanging adequate timing for clinical pregnancy 
leads to an underestimation of the occurrence of optimal timing. Even though live birth is the 
preferred primary outcome we refrained from using live birth as the tested endpoint given 
that the occurrence of an live birth is influenced by many, not to FET cycle monitoring related 
factors. Testing whether or not extensive monitoring predicts a receptive endometrium offers 
a possible alternative for the approach applied in the present study. Endometrial receptivity 
gene arrays might be useful for this purpose. Since only a single blood sample was drawn 
no statements can be made on the effect of serial endocrine testing. Ideally, a series of 
endocrine analyses would have been performed so that the effect of variations in hormone 
levels during the cycle could also have been determined. Moreover, this would have allowed 
to test whether planning of mNC-FET can be performed without ultrasound e.g. based on 
estradiol levels alone. Of the original cohort only 270 patients were available for analyses. 
It is reassuring that the baseline characteristics as well as clinical pregnancy rates did not 
differ significantly between those patients included and those not included. Nevertheless 
some selection bias cannot be ruled out e.g. considering that three patients were excluded 
based on endometrial thickness. Since cycles cancelled because of suspected premature 
ovulation were cancelled based on the disappearance of the dominant follicle on ultrasound 
and not on serum endocrine monitoring the validity of the results of the present study were 
not influenced by these cancellations. Other limitations are the fact that patients included 
in the present study were recruited for the purpose of another RCT. CPR are relatively low 
compared to other recent studies. The number of embryos transferred, slow-freeze cryo-
preservation technique and the predominantly cleavage stage embryos transferred could 
be debit to this.

In conclusion, endocrine and endometrial monitoring in addition to monitoring of the domi-
nant follicle alone seems to offer no benefit with regard to correctly discriminating between 
NC-FET resulting in clinical pregnancy and NC-FET not resulting in clinical pregnancy. 
Therefore endocrine and endometrial monitoring does not seem to aid timing of thawing and 
transfer. Whether ultrasonic monitoring of the dominant follicle in mNC-FET alone is indeed 
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sufficient for timing ovulation triggering and subsequent thawing and transferring should be 
confirmed in prospective randomized studies. If the limited value of extensive monitoring is 
confirmed, a true NC-FET with timing based on identification of the LH surge in urine could 
be considered.
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In this chapter the main findings of this thesis are summarized and their implications for 
future clinical practice and research are considered. The four issues which this thesis aimed 
to address were:

How does the efficiency of the most commonly used methods of endometrial prepara-1. 
tion for frozen-thawed embryo transfer (FET) compare to one another?
Is artificial cycle FET (AC-FET) non-inferior to modified natural cycle FET (mNC-FET) with 2. 
regard to live birth rates? Should one of these methods of endometrial preparation be 
preferred based on cancellation rates or cost-efficiency?
Which endocrine events influence pregnancy and live birth rates after mNC-FET?3. 
Is there an optimal monitoring strategy in mNC-FET?4. 

Summary of the results – Part One
Part 1 of this thesis addresses the first two research questions postulated. The review de-
scribed in chapter 2 compared four commonly used methods of endometrium preparation 
(true NC-FET (tNC-FET), mNC-FET, AC-FET and AC-FET complimented with gonadotrophin 
releasing hormone (GnRH) agonist). Comparing NC-FET with AC-FET complemented with 
a GnRH-agonist, for the outcome clinical pregnancy, a small but significant difference in 
favour of the latter method of endometrial preparation was observed. For live birth no such 
effect was observed. In all other comparisons no significant differences with regard to both 
pregnancy rates and live birth rates were obtained. None of the studies included in this 
review reported on cancellation rates or cost-efficiency. Based on the outcomes of chapter 
2 it was not possible to recommend one method of endometrium preparation over another. 
In the comparison mNC-FET versus AC-FET only one, small, randomized controlled trial was 
included (1). The remainder of the studies were retrospective cohort studies (2-9). In order 
to confirm the results of the review with regard to the comparison mNC-FET versus AC-FET 
and to provide information on cancellation rates and cost-efficiency the ANTARCTICA trial 
was designed (chapter 3).

Given the results of the ANTARCTICA trial, which are described in chapter 4, it is concluded 
that AC-FET is indeed non-inferior to mNC-FET with regard to live birth rates (mNC-FET 
11.5% versus AC-FET 8.8%, absolute difference - 0.027 in favour of mNC-FET, 95% confi-
dence interval (CI) - 0.065 to 0.012; p = 0.17) as well as clinical (19.0% versus 16.0%, Odds’ 
ratio (OR) 0.8, 95% CI 0.6 - 1.1; p = 0.25) and ongoing pregnancy rates (11.5% versus 
9.6%, OR 0.7, 95% CI 0.5 - 1.1; p = 0.15). Cancellation rates in AC-FET were significantly 
higher than in mNC-FET, mainly due to the strict cancellation criteria on endometrial thick-
ness in AC-FET (overall cancellation rate 26.7% versus 20.4%, OR 1.4, 95% CI 1.1 - 1.9; p = 
0.02). The minimal endometrial thickness before commencing progesterone supplementa-
tion however continues to be debated. In the ANTARCTICA trial we adopted the criterion of a 
minimal lining of 8 mm before commencing progesterone supplementation. The application 
of a minimal endometrial thickness of 9mm is suggested by some, whereas others have 
failed to show the significance of such a cut-off value (10-13). Whether adjusting estrogen 
administration regimes in AC-FET improves endometrial thickness and thereby improves 
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pregnancy rates as well as lower cancellation rates is unknown. Studies available so far 
showed that 6 mgr compared to 4 mgr oral estrogen supplementation leads to significantly 
higher serum estrogen levels without increasing endometrial thickness (14). Vaginal ad-
ministration results in both higher serum estrogen levels as well as increased endometrial 
thickness. Clinical pregnancy rates however were not positively influenced by the increased 
thickness (15,16). Whether prolonging estrogen supplementation improves endometrial 
thickness and pregnancy rates is unclear. Studies on supplementation beyond 20 days have 
shown heterogeneous results with regard to the effect of extended supplementation to clini-
cal pregnancy rates (17,18). Some have suggested that estrogen should be supplemented 
in an increasing dosage considering that this mimics the gradual, physiological increase in 
estrogen levels during the follicular phase. A retrospective analyses however, showed no 
difference in live birth rate after endometrium preparation with estrogen in a constant versus 
an increasing dosage (19). The high first pass effect of oral estrogen has led to the sug-
gestion that transdermal estrogen administration might result in a better bioavailability and 
thereby positively influence endometrial thickness as well as pregnancy and live birth rates. 
Even though transdermal administration is indeed related to better bioavailability, reduced 
influence on the metabolism and viewer side effects, pregnancy and live birth rates do not 
benefit from this route (20). Taken the above into consideration no conclusive advice can be 
given on the ideal dosage, mode of administration or duration of estrogen supplementation. 
Considering the risk of a thrombo-embolic event and the disputable effect of raising the 
dosage on pregnancy rates the principle of ‘primum non nocere’ applies: try to achieve as 
much effect with as little supplementation as possible.

The optimal progesterone regime also remains debatable. There is no consensus on the 
minimal duration of progesterone administration before transfer but pregnancy rates seem 
to benefit from prolonged administration (21). Pregnancy and live birth rates do not seem 
to be influenced by the mode of administration (22). Intra muscular progesterone injec-
tions are often prescribed given that they lead to the highest serum levels. These injection 
are however notorious for being painful and often cause inflammation at the injection site 
(22-24). Moreover, there is major concern about the high risk of thrombosis (25). Vaginal 
administration of progesterone seems to be best tolerated by patients and is, also taken its 
pharmacological characteristics also in to account, to be preferred (22,25).

Based on the results of prior studies we adopted a non-inferiority design knowing that non-
inferiority trials have some limitation. One of these limitations is the fact that the conclusions 
of such a trial depend heavily on the non-inferiority threshold used (26). To prevent end-
point switching, which might accommodate more convenient conclusions, the non-inferiority 
threshold has to be recorded before commencing the study. Furthermore the non-inferiority 
threshold should be clinically relevant. In the ANTARCTICA trial a non-inferiority threshold 
of 7% was adopted based on the rule of thumb suggested by Kaul et al. (27). From a clini-
cians and patients point of view the 7% might seem a rather large difference in live birth rate. 
However, by setting the non-inferiority threshold so that the intervention should obtain at 
least 80% of the result obtained in the control arm the more scientific approach was chosen. 
Moreover, the live birth rate of 35% on which the non-inferiority threshold was based was, 
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in hindsight, too optimistic. When designing future trials a lower live birth rate should be 
taken into consideration when determining their non-inferiority threshold and sample size. No 
definitive reason for the lower live birth and pregnancy rates could be identified. However, 
possible causes might reside in the fact that live birth per started cycle was reported instead 
of live birth per embryo transfer as well as the use of slow-freeze cryopreservation whereas 
others predominantly use a vitrification technique.

The take home massage of Part one of this thesis should be that since efficiency and costs 
of mNC-FET and AC-FET are comparable to one another other factors, such as patients’ 
preference and, to a lesser extent, the logistics of the treating hospital, should be taken into 
account when adopting one of these two endometrium preparation methods as the method 
of choice.

Summary of the results – Part two
Part 2 focusses on answering the third and fourth question. In order to do so endocrine altera-
tions that might influence outcomes after NC-FET were identified and studied. Moreover, to 
provide some guidelines on how monitoring in NC-FET should be commenced four common 
monitoring strategies were tested. Given that adequate synchronization between endome-
trium and embryo vital is for implantation circumstances disrupting synchronization might 
lead to diminished pregnancy rates. Endocrine and ultrasonic monitoring in mNC-FET aims 
to detect these circumstances. For example, the presence of an LH surge at the moment of 
human chorion gonadotrophin (hCG) administration could result in desynchronization be-
tween the endometrium and embryo since ovulation takes place earlier than anticipated. In 
chapter 5 we observed that an LH surge at the time of hCG injection was present in over a 
third of all cycles. Pregnancy rates in these patients, however, were not diminished (clini-
cal pregnancy rate 38.7% versus 38.5%, relative risk (RR) 0.99, 95% CI 0.6 – 1.7, ongoing 
pregnancy rate 33.4%  versus 34.8% RR 1.02, 95% CI 0.7-1.5). Therefore, it appears that 
the period of optimal endometrial receptivity (the putative window of implantation) might be 
broader than previously assumed.

Another possible initiator of desynchronization between embryo and endometrium is an 
elevated late follicular phase progesterone level. In patients undergoing IVF an elevated 
progesterone level at the moment of ovum pick-up is related to diminished pregnancy rates 
(28,29). An accelerated maturation of the endometrium is held responsible for this effect 
(30). In chapter 6 we showed that an isolated progesterone elevation at the moment of hCG 
injection in mNC-FET occurs frequently. An elevated progesterone level at the time of hCG 
administration of ≥ 4.6 nmol/l does not seem to influence live birth or pregnancy rates (live 
birth rates 12.9% versus 10.6%, OR 0.6, 95% CI 0.19 – 1.9; p = 0.4, clinical pregnancy rates 
27.1% versus 18.2%, OR 0.6, 95% CI 0.27 – 1.3; p = 0.2 and ongoing pregnancy rates 15.3% 
versus 10.6%, OR 0.7, 95% CI 0.45 – 1.8; p = 0.4). Comparable results were previously 
obtained by Lee et al (31). A possible explanation why in FET, in contrast to after ovarian 
stimulation, no negative effect of elevated progesterone levels is observed might reside in 
the fact that even though gene-expression related to endometrial maturation is altered by an 
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elevated progesterone, gene-expression related to implantation is not (30). Elevated progester-
one levels at the time of ovum pick-up apparently represents a more complex pathophysiological 
process induced by ovarian stimulation. The combined presence of an elevated late follicular 
phase progesterone level and an LH surge also did not influence live birth and /or pregnancy 
rates (live birth rate 11.9% versus 17.5%, OR 1.6, 95% CI 0.79 - 3.1; p = 0.2, clinical pregnancy 
rate 23.2% versus 23.3%, OR 1.0. 95% CI 0.57 – 1.8; p = 0.9 and ongoing pregnancy rate 13.2% 
versus 17.5%, OR 1.4, 95% CI 0.71 – 2.7; p = 0.3). Based on the conclusions of chapters 5 and 
6 testing for the presence of an LH surge as well as measuring progesterone levels in mNC-
FET seems to have little added clinical value. However, given the small number of patients 
included as well as the retrospective nature of both studies, prospective confirmation studies 
are necessary.

Ultrasonic measurement of the endometrial thickness is, in most clinics, part of routine moni-
toring assuming that endometrial thickness reflects, to some extent, endometrial receptivity. 
Even though an endometrium of ≤ 7mm after ovarian stimulation seems to be a negative 
predictor for pregnancy no such effect was observed in the study described in chapter 7 (32). 
Based on the constructed receiver operating curve (ROC) no minimal endometrium thickness 
under which pregnancy rates are diminished could be appointed. An endometrial thickness 
of < 7mm was observed in less than 10% of patients and resulted in a non-significant trend 
towards lower pregnancy and live birth rates (clinical pregnancy rate 21.0% versus 9.8%, 
OR 0.41, 95% CI 0.14 – 1.7; p = 0.1, ongoing pregnancy rate 13.4% versus 4.9%, OR 0.3, 
95% CI 0.08–1.4; p = 0.1 and live birth rate 13.0% versus 4.9%, OR 0.34, 95% CI 0.1 – 1.5; 
p = 0.76) Based on the results of chapter 7 cancelling mNC-FET based on a thin endometrium 
alone can therefore not be justified. Moreover, a thin endometrium should not give rise to a 
change in endometrium preparation protocols.

In studies on NC-FET a wide variety in endocrine and ultrasonic monitoring has been de-
scribed. While some solely perform ultrasonic measurement of the dominant follicle to plan 
ovulation triggering others perform extensive daily endocrine monitoring in addition to ultra-
sonic evaluation. Cancellation criteria are often not well described or differ greatly. In chapter 
8 the minimal requirements for monitoring of mNC-FET in order to optimize timing of thaw-
ing and transferring were investigated. Using a multivariable logistic regression analysis, 
the predicted probabilities of 4 common monitoring strategies supplementary to ultrasound 
evaluation of the dominant follicle alone were determined. The tested models consisted of 
(A) endometrial thickness, B) LH and progesterone at moment of hCG, C) follicle stimulating 
hormone (FSH), estradiol, LH and progesterone at moment of hCG and D) FSH, estradiol, 
LH and progesterone and endometrium thickness at moment of hCG). None of the monitor-
ing models had the capacity to discriminate between patients which did or did not achieve 
a clinical pregnancy. The calculated predicted probabilities per monitoring strategy were 
plotted in a ROC curve. The area under the curve of this curve varied between 0.56 for 
models A and B and 0.58 for monitoring protocols C and D. Model D was the only model 
differing significantly from the true area (p < 0,01). Since no significant difference between 
the mutual areas under the curve could be obtained none of the monitoring strategies was to 
be preferred over another. Extensive monitoring therefore does not seem to improve timing of 
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thawing and transfer. From a (cost) efficiency point of view refraining from extensive monitor-
ing might be considered. Before adopting simple monitoring as the gold standard external 
validation of these results is mandatory. A major limitation of the study described in chapter 8 
is the fact that adequate timing by itself cannot serve as a primary endpoint. By taking clini-
cal pregnancy as a surrogate marker for adequate timing we have probably underestimate 
the prevalence of adequate timing. After all, pregnancy is a multifactorial process and even 
though timing was perhaps ‘spot on’ in some patients pregnancy was not achieved based 
on other variables in the equation.

Given the results of the studies presented in Part two the take home message should be that 
extensive monitoring does not seem to improve timing of thawing and transferring. However, 
considering the limited number of patients in each study confirmation before abandoning 
from extensive monitoring is mandatory. 

Future challenges and questions remaining 
Although this thesis provides some answers, several issues surrounding frozen embryo 
transfer remain. These future challenges will hopefully be addressed in studies to come.

Will FET become the primary source of embryo transfers?
The number of FET cycles has increased substantially over the last decennium. Figure 1 
shows the number of FET cycles compared to fresh transfers in the Netherlands since the 
start of the national IVF registration (33). In 1996 ten percent of all embryos transferred was 
a cryopreserved embryo. In 2015 this number had five-folded to more than half of all trans-
ferred embryos. It is expected that in years to come the number of FET cycles will continue 
to rise.

Figure 1: number of embryo transfers performed in the Netherlands between 1996 - 2015
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Perhaps the most important contributor to the rise in FET numbers will be the widespread 
introduction of so called ‘freeze all’ strategies in which all embryos are cryopreserved after 
ovarian stimulation. Recognizing the possible benefits of segmentation of ovarian stimulation 
and embryo transfer in patients prone for developing ovarian hyper stimulation syndrome 
(OHSS) have led some to advocate ‘freeze-all’ policies for all patients undergoing ovarian 
stimulation (34,35). By cryopreservation of all embryos, all IVF patients benefit from the lower 
risk of adverse obstetrical and neonatal outcome after FET (35,36). Moreover, ectopic preg-
nancy rates also appear to be lower after FET offering another possible advantage of ‘freeze 
all’ (37-39).

So far, two randomized controlled studies comparing ‘freeze-all’ with fresh embryo trans-
fer have been published. Even though both have shown improved pregnancy rates after 
‘freeze-all’ these studies have several limitations. Patients included in one study had an 
above average prognosis to become pregnant (40). In the other RCT only so called high 
responders were included (41). Considering that the negative effects of ovarian stimula-
tion are related to estrogen levels of at the moment of ovum pick-up the positive effect of 
‘freeze-all’ for the general population might have been overestimated in this study. Moreover 
primary endpoint of both studies was clinical pregnancy rates whereas ongoing pregnancy 
or live birth would have been the more appropriate primary outcome. Cost-efficiency was 
not taken into consideration in both trials. A recent retrospective study showed that the cost 
per ongoing pregnancy after ‘freeze-all’ outweighed those of fresh embryo transfer (42). A 
major limitation of this study was that only the cost of the first embryo transfer (either fresh 
or frozen-thawed) was incorporated. Preferably, the costs per complete treatment including 
all embryo transfers performed during one treatment cycle (endpoint cumulative live birth 
rate) should have been compared. Considering that ‘freeze-all’ also claims to have a lower 
incidence of obstetrics and neonatal complications cost related to the possible complication 
should ideally be incorporated in a cost-efficiency analyses as well.

Despite the proclaimed advantages of FET not all that glitters is golden and FET also has 
some drawbacks. FET is associated with an increased fetal weight. Increased fetal weight 
is closely related to a higher incidence of shoulderdystocia and accompanying neonatal 
and maternal morbidity (43-48). Moreover, there seems to be an increased risk on placenta 
accrete after FET (49,50). How these pros and cons of ‘freeze-all’ balance each other is 
unknown and the added clinical value of ‘freeze-all’ for the general fertility population has 
therefore not yet been proven. Several studies on this subject are being conducted and the 
results of these studies are awaited shortly (51-57).

In order for FET to be a highly efficient treatment strategy embryo survival after thawing 
must outweigh loss of embryos as well as the loss of embryo quality due to cryopreserva-
tion. Vitrification is displacing slowly but surely slow-freeze techniques for cryopreservation 
in many fertility centres because of improved survival and live birth rates (58-60). Whether 
implantation rates after vitrification of cleavage stage embryos improve, like they do in blas-
tocysts embryos, is still not clear (61,62). Despite the advantages of vitrification slow-freeze 
cryopreservation techniques are still frequently used as it can still be justified by the limited 
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number of studies on obstetrical and neonatal outcomes after vitrification. Moreover, there 
are long term safety concerns e.g. regarding the use of high concentrated cryo-protectants 
necessary in vitrification programs (63,64).

Given the promising result of personalized embryo transfer in patients with a recurrent im-
plantation failure, some have suggested to confirm endometrial receptivity before proceeding 
to embryo transfer as a means to increase implantation rates (65,66). Since endometrial re-
ceptivity is impaired after ovarian stimulation in some but not in all patients, cryopreservation 
of all embryos might improve pregnancy rates in those patients with impaired endometrial re-
ceptivity. Identifying whom might benefit from ‘freeze-all’ could be a cost-effective alternative 
to ‘freeze-all’ for all IVF patients (Figure 2). Moreover, personalizing endometrial preparation 
methods (e.g. by adapting the estrogen/ progesterone dosage scheme) in patients with a 
known out-of-phase endometrium might result in higher pregnancy rates (67). Personalizing 
treatment strategies might therefore improve (cost) efficiency of FET. Endometrial receptiv-
ity arrays (ERA), possibly combined with testing of certain biomarkers, could provide such 
information. In order for such a receptivity test to be clinical applicable several hurdles still 
have to be taken (65).

Another, novel concept that might influence the number of FETs performed, is the possible 
influence of the microbiome of patients on pregnancy rates after IVF or IVF-ICSI. The micro-
biome of a patient is defined as the composition of bacteria that is present in a certain part 
of the patients’ body at a certain moment (68). It has been suggested that the microbiome 
found in the bladder and vagina might represent the microbiome present in the endometrium. 
Several studies showed that the microbiome might influence conception both spontaneously 
as well as after assisted reproductive techniques (69-71). Currently, tests are being devel-
oped to screen the microbiome of patients undergoing assisted reproductive techniques 
in order to determine whether a patient has a favourable profile or not (72). Given that no 
effective treatment to optimize the microbiome has yet been identified, not performing IVF 
or performing IVF but cryopreserving all embryos and postponing embryo transfer until the 
microbiome has become more favourable might improve the efficiency of assisted reproduc-
tive techniques in the future (70).

Figure 2: flowchart on whether or not freeze-all should be applied.
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How can FET be further optimized?
Given that FET is replacing fresh embryo transfer as the primary source for embryo transfer 
more emphasize should be placed on optimizing FET strategies. Optimization of endome-
trium preparation protocols will benefit patients with regard to success, perceived burden 
and cost-efficiency.

As described in chapter 8 there is a wide variety in monitoring protocols. Considering that 
extensive monitoring in the mNC-FET seems to have little added clinical value, the question 
rises whether or not tNC-FET might offer an even simpler and less expensive alternative for 
planning FET. So far, all studies on tNC-FET based their planning of thawing and transferring 
on the combination of ultrasonic monitoring of the dominant follicle and endocrine monitoring 
of LH, progesterone and estrogen in the serum (73-78). Considering the lack of predictive 
value of extensive monitoring it can be argued that tNC-FET could also be based on the de-
termination of the onset of the LH surge alone. Urine LH testing kits are easy to use, relatively 
cheap and can be used at home resulting in a convenient alternative for repeated serum 
measurements (79). However, the large variation in duration, amplitude and shape of the LH 
surge per cycle and per patient should be taken into consideration. Also, the sensitivity and 
specificity varies greatly among different LH urine kits and false negative testing occurs in 
up to 50% depending on the test used (80-82). Multiple LH testing per day should reduce 
the chance of false negative testing (83). Whether multiple testing is absolutely required to 
achieve optimal planning of thawing and transfer remains to be studied. Considering that 
the ‘window of implantation’ seems to be wider than assumed so far, it can be theorized that 
testing once a day might also be sufficient. No randomized studies on the use of LH urine 
kits for the planning of tNC-FET have been published so far. Considering the substantial cost 
reduction as well as the patients’ convenience it would be interesting to compare tNC-FET 
using LH urine kits with mNC-FET in a randomized controlled trial.

There is a growing tendency towards prescribing luteal phase support to all patients under-
going assisted reproductive techniques. Luteal phase deficiency has been associated with 
several conditions such as infertility, first trimester pregnancy loss, endometriosis, obesity, 
polycystic ovary syndrome and ageing. Even in patients with a normal, ovulatory cycle luteal 
phase defects can be found (84,85). Moreover, it has been suggested that both ovulation 
triggering and ovarian stimulation induce luteal phase deficiencies (86). Considering the im-
portance of the luteal phase in establishing pregnancy, patients in whom a luteal phase defect 
is anticipated often receive luteal phase support by means of progesterone administration 
(either oral, vaginal or by injection) or hCG injections to enhance pregnancy rates (86). Several 
(retrospective) studies on the use and necessity of luteal phase support in natural cycle FET 
have been published. One randomized trial showed a positive effect on live birth rates of luteal 
phase support in patients undergoing true NC-FET (OR 1.62, 95% CI 1.1-2.5; p = 0.027) (87). 
With regard to clinical pregnancy and miscarriage rate no differences were obtained. The posi-
tive effect of luteal phase support could not be confirmed by another randomized controlled 
trial (88). Figure 3 summarized the results of the various studies with regard to clinical preg-
nancy (87-90). Considering the asymmetrical shape of the funnelplot in Figure 4 publication 
bias might be suspected.
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The conflicting results with regard to the added value of luteal phase support might also 
originate from the different protocols applied in the various study (Table 1). The lack of posi-
tive effect of luteal phase support in patients undergoing mNC-FET obtained by Eftekhar et 
al. might be inherent to the use of hCG in mNC-FET. Theoretically, hCG given for ovulation 
triggering will also provide some support during the early luteal phase (91).  Patients under-
going mNC-FET have therefore received already, unintentionally, some luteal phase support. 
Only one study comparing vaginal progesterone gel (90 mcg/day) with progesterone vaginal 
tablets (600 mcg/day) for luteal phase support was performed. Both tested methods proofed 
interchangeable (clinical pregnancy rate 31% versus 28%, OR 1.2, 95% CI 0.6 – 2.1) (92).

Based on current literature there is insufficient evidence to prescribe luteal phase support 
to all patients during NC-FET. Whether certain subgroups of patients, e.g. obese patients or 
patients with a diminished ovarian reserve, remains to be studied.

Figure 3: pooled result of the effect of luteal phase support on clinical pregnancy rates in NC-FET.

Figure 4: funnelplot showing the distribution of the OR of the included studies in figure 3
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Do alternative endometrial preparation methods improve efficiency?
In this thesis we focussed on two of the most common practised methods of endometrial 
preparation. Other, less commonly applied, methods described in order to plan thawing 
and transferring include the use of follicle stimulating hormone (FSH), human menopausal 
gonadotrophins (HMG), Letrozole® and Clomiphene Citrate®.

Studies comparing these miscellaneous protocols with NC-FET or AC-FET are scarce and 
patients included limited. One study comparing AC-FET with a stimulated cycle using HMG 
(HMG-FET) has been published (95). No difference with regard to clinical pregnancy or 
cancellation rates could were found. Endometrial thickness was comparable between both 
groups. HMG-FET therefore does not offer a possible benefit over AC-FET in those patients 
in whom a thin endometrium is anticipated. A recent randomized controlled study comparing 
NC-FET with stimulated cycle FET using FSH showed comparable pregnancy rates between 
both treatment entities (96).

FET using Clomiphene Citrate® (CC-FET) has been compared with both AC-FET and HMG-
FET (6, 97). Clinical pregnancy rates obtained in AC-FET and CC-FET were comparable 
(6). HMG-FET however proved superior to CC-FET with regard to pregnancy rates (97). 
Miscarriage rates were comparable between both treatment entities. One of the major 
concerns when using Clomiphene Citrate® is the effect of Clomiphene Citrate® on the endo-
metrium resulting in insufficient endometrial thickness. Replacing Clomiphene Citrate® with 
Letrozole® has therefore been proposed by some. In this study endometrial thickness was 
the primary outcome. The endometrial thickness indeed did seem to benefit from the use of 
Letrozole®. Pregnancy rates however were not compared in this small randomized controlled 
study (98).

So far no supremacy or added clinical value of one these miscellaneous protocols has been 
proven. Considering the negative effects of Clomiphene Citrate® on endometrial thickness 
and the costs of FSH there is no place for these protocols as a primary line of treatment in 
ovulatory women.

Suggestions for choosing an endometrium preparation method
Over the last decennium there has been a growing awareness of the psychological and 
physical burden of assisted reproductive techniques. The perceived stress often result in ter-
mination of treatment before pregnancy is achieved (99-101). Several interventions to reduce 
drop-out rates and improve patient satisfaction have been proposed (99). It is commonly 
accepted that patient-centred fertility care and shared decision making results in better 
treatment compliance and less treatment related stress (102-105). In this context the results 
of the so called ‘Penguin study’ are much awaited. This study focusses on patient prefer-
ence and whether or not patients’ personal characteristics influence the perceived burden 
of both mNC-FET and AC-FET. In the meantime, since AC-FET is non-inferior to mNC-FET 
with regard to live birth rates and costs, both treatments entities can be offered to ovulatory 
patients awaiting FET. Patients are thereby empowered to choose the treatment entity which 
most fits their personal preference.
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The growing knowledge on endometrial receptivity as well as the further development of 
convenient, clinical applicable tests for endometrial receptivity will further personalize of 
treatment. If the endometrium after ovarian stimulation proofs to be out of phase a ‘freeze-all’ 
strategy could result in better pregnancy rates. Altering the method of endometrial prepara-
tion based on endometrial receptivity testing might result in a personalisation of substitution 
schedules as well as the moment of embryo transfer.

Conclusions
The results of the work present in this thesis indicate that FET can be performed in both 
mNC-FET as well as in AC-FET with comparable effectiveness and cost-efficiency. Other 
factors such as patients preference should be decisive for adopting a certain endometrium 
preparation method. If mNC-FET is adopted, ultrasonic evaluation of the dominant follicle 
only, in order to plan the hCG injection and subsequent thawing and transferring, seems to 
be sufficient.

Considering the growing number of FET cycles performed future studies should focus on 
improving (cost) efficiency of FET treatment as well as reducing treatment related burden. 
The results of this thesis will hopefully help providing a more tailored made treatment strategy 
for patients undergoing FET.
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This thesis focusses on optimizing endometrium preparation methods prior to frozen-thawed 
embryo transfer (FET). Part one of this thesis compares the various endometrium preparation 
methods described in recent literature. The studies described in part two offer some insight 
in the minimal monitoring requirements en offers suggestions for optimizing the efficiency of 
natural cycle FET (NC-FET). 

Part two of this thesis focusses on monitoring of the mNC-FET in order to optimize (cost) 
efficiency and patient centeredness.

Chapter 1 
Chapter 1 outlines the history of frozen-thawed embryo transfer (FET) and the physiology 
behind the different approaches for endometrium preparation. In 1983 Trounson and Mohr 
were the first to report on a technique to cryopreserve and thaw human embryos. Later that 
year the first baby after FET was born in the former Dijkzigt hospital in Rotterdam. The intro-
duction of ovarian stimulation, improved laboratory techniques and the adoption of single 
embryo transfer (SET) resulted in fast rising numbers of FET cycles performed. An even 
further increase is anticipated when the results of studies on separation of ovarian stimulation 
and embryo transfer (often revered to as a ‘freeze-all strategy’) will decide in favor of ‘freeze-
all’. In order to optimize pregnancy and live birth rates after FET synchronization between 
embryo and endometrium is mandatory. To accomplish such synchronization various endo-
metrium preparation methods have been developed. 

Chapter 2
The systematic review and meta-analysis described in chapter 2 compares the four most 
common methods of endometrial preparation. Twenty studies were included in this review. In 
the comparison between true NC-FET (tNC-FET) and modified NC-FET (mNC-FET) 5 studies, 
3 retrospective (1902 FET cycles) and 2 randomized controlled studies (179 FET cycles), 
were included. Comparing pregnancy and live birth rates between patients undergoing 
tNC-FET with mNC-FET resulted in no significant difference. A subgroup analyses between 
patients receiving luteal phase support and those not receiving luteal phase support also 
showed no difference. Eight retrospective studies (8149 cycles) and one prospective study 
(114 FET cycles) were included in the comparison between NC-FET and artificial cycle FET 
(AC-FET). Nor clinical, ongoing or live birth rates differed significantly between patients un-
dergoing NC-FET or AC-FET. In two subgroup analyses, based on the type of NC-FET and 
the use of luteal phase support, also showed no difference in pregnancy and live birth rates. 
Adding a gonadotrophin releasing hormone agonist (GnRH-agonist) to AC-FET (2817 FET 
cycles) resulted in a significant difference with regard to clinical pregnancy rates. This effect 
was not observed for the outcome live birth. Clinical pregnancy rates after AC-FET with 
GnRH-agonists (622 FET cycles) were also not significantly different from clinical pregnancy 
rates after AC-FET alone. Based on the results of the review described in chapter 2 no endo-
metrial preparation method can be preferred over another.  
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Chapter 3
Given the conclusions of the comparison of NC-FET with AC-FET as well as the inclusion 
of predominantly retrospective studies a randomized controlled non-inferiority trial was de-
signed to confirm the conclusions of this review. The study protocol is described in this 
chapter. In the so called ‘ANTARCTICA trial’ patients were randomized based on a one – one 
allocation between mNC-FET and AC-FET. Patients included in this study had to be 18 to 40 
years and had to have a regular menstruation cycle. Moreover, the frozen-thawed embryos 
to be transferred had to derive from one of the first three IVF or IVF-ICSI treatments. Patients 
with an uterine anomaly or a contra-indication for Progynova® or Utrogestan® were excluded 
from participating. Patients receiving a FET as part of a gamete donation program were also 
excluded from participation except those patients affected by or carrier of a genetic disease. 
Finally, patients had to be willing to sign an informed consent. Taking a 20% live birth rate, 
an α of 5% and a β of 80% into consideration 1150 patients had to be included in order 
to reach adequate statistical power. The non-inferiority threshold was determined at 7%. 
Patients randomized to mNC-FET underwent regular ultrasound evaluation of the dominant 
follicle and the endometrial thickness. When the dominant follicle reached 16 – 20mm in 
diameter a single blood sample was drawn and human chorion gonadotrophin (hCG) was 
given. The blood sample was stored and analyzed after finishing the trial. In AC-FET cycles, 
patients had to start with Progynova® 2 mgr three times daily on the first or second day 
of their menstruation. A single ultrasound measuring the endometrial thickness and ruling 
out folliculogenesis was performed after approximately two weeks. If the endometrium was 
> 8mm and there were no signs of folliculogenesis vaginal progesterone (three times 200 
mgr daily) was added to the regime. Thawing and transferring were either planned on the 
moment of hCG administration or the beginning of progesterone supplementation.  

Chapter 4
The results of the ANTARCTICA trial are discussed in chapter 4. Starting February 2009 till 
April 2014 1032 patients were included of which 959 were available for analyses. Baseline 
characteristics were not significant different between patients included in mNC-FET versus 
AC-FET with the exception of the duration of cryopreservation. Even though the duration of 
cryopreservation was longer in AC-FET, pregnancy and LBRs were not influenced. Based on 
the absolute risk reduction of 0.027  and the 95% CI 0.065 – 0.012 (p 0.171) it was concluded 
that live birth rate after AC-FET (8.8%) was not inferior to the live birth rate after NC-FET 
(11.5%).  Clinical and ongoing pregnancy rates were also not significantly different between 
AC-FET and NC-FET. Cancellation rates in the AC-FET were significantly higher compared 
to NC-FET. Inadequate endometrial thickness in AC-FET was the main contributor to this 
discrepancy. Cost of both treatments were comparable (mNC-FET € 617.50 versus AC-FET 
€ 625.73 per treatment cycle).

Chapter 5
Given that luteinizing hormone (LH) surges induces ovulation the presence of an LH surge at 
the moment of hCG injection might result an ovulation earlier than expected. This might result 
in desynchronization between endometrium and embryo and thereby lower pregnancy rates. 
Moreover, a combined elevation of LH and progesterone suggests that the luteal phase has 
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already begun and therefore the desynchronization between endometrium and embryo might 
be even more profound. In chapter 5 we tested whether or not the presence of an LH surge at 
the moment of hCG injection results in lower pregnancy rates. Even though LH surges were 
observed in over 50% of all cycles the presence of an LH surge at the moment of hCG injec-
tion does not negatively influence pregnancy rates. Given the results of this study refraining 
from measuring LH levels at the moment of hCG administration might be considered. 

Chapter 6
There is growing evidence that elevated progesterone levels at the moment of ovum pick-
up during IVF treatment influence pregnancy and live birth rates negatively. In order to 
test whether elevated progesterone levels at the time of hCG can be measured and to test 
whether it has a comparable negative effect on pregnancy and live birth rates in FET cycles, 
we performed a cohort study which is described in chapter 6. The often proposed cut-off 
value above which pregnancy rates might be lowered (≥ 4.77 nmol/l) is based on studies in 
which included patients underwent ovarian stimulation. In chapter 6 a threshold of 4.6 nmol/l 
proved to have the best proportion between sensitivity and specificity. Even though isolated 
elevated progesterone levels over 4.6 nmol/l are observed in over 20% of patients, the pres-
ence of an elevated progesterone does not seem to have any consequence with regard to 
live birth rate and both clinical and ongoing pregnancy rates. The presence of an LH surge 
and an elevated progesterone level at the moment of hCG administration also resulted in 
comparable clinical and ongoing pregnancy as well as live birth rates. If the results of this 
study are confirmed by other (prospective) trials it can be considered not to monitor proges-
terone and LH levels. 

Chapter 7
Endometrial thickness is another factor that might influence pregnancy rates during FET. A 
recent review on patients undergoing ovarian stimulation showed significantly lower pregnancy 
rates if the endometrium is less than 7mm. In chapter 7 the influence of endometrial thickness 
on ongoing pregnancy and live birth rates is described. Both ongoing pregnancy and live birth 
could not be predicted based on endometrial thickness. Moreover, there was no difference 
in ongoing pregnancy  or live birth rate between patients with and without an endometrium 
< 7mm. Even when controlling for other possible confounders for ongoing pregnancy, 
endometrial thickness remained to have little predictive capacity for ongoing pregnancy. An 
endometrial thickness < 7mm in itself should not be a reason for cancellation of treatment nor 
should it be a reason for adopting another method of endometrium preparation. 

Chapter 8
Various monitoring protocols in mNC-FET have been described. Adjacent to measurement 
of the dominant follicle, endometrial thickness is often monitored whether or not accom-
panied by the measurement of serum estrogen, follicle stimulation hormone, progesterone 
and luteinizing hormone levels. Extensive monitoring aims to facilitate timing of thawing and 
transferring ultimately resulting in optimal pregnancy rates. Based on the analyses described 
in chapter 8 it can be concluded that extensive monitoring compared to ultrasound monitor-
ing of the dominant follicle alone does not results in better prediction of clinical pregnancy. 
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However, before abandoning from extensive monitoring all together the results of this study 
should be confirmed in randomized studies. 

Chapter 9 
This chapter summarizes the results of this thesis and places them in the context of recent 
literature. Given the expectation that the number of FET cycles will continue to rise future 
studies should focus on optimizing of FET. A possible substantial contributor could be the 
more widespread introduction of a tNC-FET in which timing of thawing and transfer is de-
termined on the onset of the LH surge. Using LH urine kits for this purpose will reduce both 
treatment related burden for patients as well as  healthcare costs. So far, no randomized con-
trolled trial comparing mNC-FET to tNC-FET with timing based on urine LH testing has been 
performed. FET also offers the possibility to apply more personalized fertility treatment. Given 
the progress on endometrial receptivity tests (e.g. arrays testing for endometrial receptivity, 
microbiome testing) frozen embryo transfer might be offered to those patients with an unfa-
vorable result. Moreover, endometrial receptivity arrays might also offer the possibility to test 
which endometrial preparation method suits a patient best. A more tailored made approach 
instead of the current ‘one size fits all’ approach will hopefully result in improved pregnancy 
and live birth rates as well as reduce treatment related stress for patients.  
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Het terugplaatsen van gecryopreserveerde embryo’s is een steeds substantiëler onderdeel 
van geassisteerde reproductieve technieken. Daardoor is er een duidelijke behoefte aan 
informatie over de meest efficiënte wijze waarop patiënten kunnen worden voorbereid 
op zo’n cryo-embryo transfer. Deel 1 van dit proefschrift beschrijft en vergelijkt de meest 
gangbare endometrium voorbereidingsmethoden voorafgaande aan het plaatsen van een 
gecryopreserveerd embryo. Deel 2 van dit proefschrift belicht verschillende aspecten van de 
natuurlijke cyclus met als doel deze behandeling (kosten) effectiever en patiëntvriendelijker 
te maken. 

Hoofdstuk 1 
Dit hoofdstuk is een inleiding op dit proefschrift. De geschiedenis van het cryo-preserveren 
van embryo’s is beschreven. Ook wordt de fysiologie waarop de verschillende endometrium 
voorbereidingsmethoden zijn gebaseerd belicht. In 1983 werd door Trounson en Mohr voor 
het eerst bericht over de techniek om menselijke embryo’s in te vriezen voor later gebruik. 
Nog datzelfde jaar werd in het voormalig Dijkzigt ziekenhuis te Rotterdam het eerste kind 
(ter wereld) geboren na het plaatsen van  gecryopreserveerde embryo’s. De introductie 
van ovariële stimulatie, verbetering van laboratoriumtechnieken en de implementatie van 
zogenoemde single embryo transfer (SET) protocollen hebben geleid tot een toename van 
het aantal cryo-embryo plaatsingen. Een verdere stijging is aannemelijk als de studies die 
momenteel verricht worden bevestigen dat het scheiden van ovariële stimulatie en plaatsen van 
embryo’s zwangerschapskansen ten goede komt. Om zwangerschapskansen na het plaatsen 
van een gecryopreserveerd embryo te optimaliseren moeten embryo en baarmoederlijmvlies 
gesynchroniseerd worden. Hiertoe zijn verschillende voorbereidingsmethoden ontwikkeld. 

Hoofdstuk 2
In hoofdstuk 2 worden de 4 meest gangbare methoden van voorbereiding van het 
baarmoederslijmvlies met elkaar vergeleken (ware natuurlijke cyclus; gemodificeerde 
natuurlijke cyclus; artificiële cyclus en artificiële cyclus aangevuld met het gebruik van 
gonadotrofine releasing hormoon (GnRH) agonisten). In de vergelijking tussen beide 
natuurlijke methodes konden 2 prospectieve (179 behandelcycli) en 3 retrospectieve studies 
(1902 behandelcycli) worden geïncludeerd. Analyse toonde geen verschil ten aanzien van 
het aantal klinische zwangerschappen, doorgaande zwangerschappen en levendgeborenen. 
Een subgroep analyse naar het gebruik van luteale fase ondersteuning toonde eveneens 
geen significant effect op de zwangerschapskansen. Acht retrospectieve studies (8149 
behandelcycli) en 1 prospectieve gerandomiseerde studie (114 behandelcycli) konden in de 
vergelijking natuurlijke versus artificiële cyclus geïncludeerd worden. Ten aanzien van alle 
eindpunten werd ook hier geen significant verschil gevonden. Ook in de subgroep analyses, 
waarin de echte natuurlijke en de gemodificeerde natuurlijke cyclus separaat vergeleken 
zijn met de artificiële cyclus, werden geen significante verschillen gevonden. Idem geldt 
voor de subgroep analyse naar het gebruik van luteale fase ondersteuning. In de laatste 
twee vergelijkingen werd de invloed van het gebruik van GnRH-agonisten onderzocht. In 
de vergelijking van de natuurlijke cyclus met de artificiële cyclus aangevuld met GnRH-
agonisten werden 3 prospectief, gerandomiseerde studies en 1 quasi-gerandomiseerde 
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studie geïncludeerd (2817 behandelcycli). Analyse ten aanzien van klinische zwangerschap 
leverde een significant voordeel voor artificiële cyclus met GnRH-agonist op. Dit resultaat 
kon ten aanzien van de uitkomst levendgeborene niet bevestigd worden. De vergelijking 
van de artificiële cyclus versus de artificiële cyclus aangevuld met het gebruik van GnRH-
agonisten (622 behandelcycli) liet tevens geen significant verschil zien in het aantal klinische 
zwangerschappen. Op basis van de resultaten van deze meta-analyse werd geconcludeerd 
dat geen van de beschreven endometrium voorbereidingsmethoden is te verkiezen boven 
een andere.

Hoofdstuk 3
Om de uitkomsten van de review beschreven in hoofdstuk 2 te bevestigen is de zogenoem-
de ANTARCTICA-trial opgezet. Het studieprotocol van deze prospectief gerandomiseerde 
non-inferioriteit studie is beschreven in hoofdstuk 3. Patiënten in deze studie werden geran-
domiseerd op basis van een 1 : 1 allocatie tussen het plaatsen van een gecryopreserveerd 
embryo in de gemodificeerde natuurlijke cyclus en de artificiële cyclus. Rekening houdend 
met 20% kans op een levend geboren kind per embryo transfer, α van 5% en een β van 80% 
dienden 1150 patiënten geïncludeerd te worden om non-inferioriteit van de artificiële cyclus 
ten opzichte van de gemodificeerde natuurlijke cyclus te bewijzen. Als non-inferioriteitsgrens 
werd 7% aangehouden. Patiënten die in aanmerking kwamen voor de studie waren 18 tot 40 
jaar en hadden een regelmatige menstruatiecyclus van 26 tot 35 dagen. De gecryopreser-
veerde embryo’s kwamen voort uit één van de eerste drie IVF of IVF-ICSI pogingen. Tot slot 
moesten patiënten bereid zijn om een ‘informed consent’  formulier te ondertekenen. Degene 
met een contra-indicatie voor één van de gebruikte medicijnen, een uterusanomalie of een 
indicatie voor eicel donatie (m.u.v. genetische indicatie) waren uitgesloten van deelname. 
Patiënten die de gemodificeerde natuurlijke cyclus lootte kwamen voor regelmatige echogra-
fische controle van de ontwikkeling van de dominante follikel en het baarmoederslijmvlies. 
Zodra de dominante follikel 16 tot 20mm in diameter was werd een eenmalige injectie met 
humaan chorion gonadotrofine (hCG) afgesproken. Een eenmalige bloedafname vond plaats 
voorafgaande aan de hCG injectie. In de artificiële cyclus startte patiënten met Progynova® 
driemaal daags 2 mgr. Na ongeveer 12 dagen vond een eenmalige echografische controle 
plaats. Indien het endometrium dikker dan 8mm was en er was geen aanwijzing van follikel-
groei kon vaginale progesteron (driemaal daags 200 mgr) toediening worden bijgegeven. 
Op basis van het moment van de hCG injectie dan wel het starten van de progesteron sub-
stitutie werd de ontdooiing en terugplaatsing afgesproken. 

Hoofdstuk 4
De uitkomsten van de ANTARCTICA-trial zijn in hoofdstuk 4 beschreven. Vanaf februari 
2009 tot april 2014 werden 1032 patiënten geïncludeerd. Uiteindelijk waren 959 patiënten 
beschikbaar voor analyse. De karakteristieken van de geïncludeerde patiënten waren niet 
verschillend tussen zij die gerandomiseerd waren voor de gemodificeerde natuurlijke cyclus 
en de artificiële cyclus met als uitzondering de duur van de cryopreservatie. De duur van 
de cryopreservatie was significant langer in de groep van patiënten die de artificiële cyclus 
ondergingen zonder dat dit een effect had op de zwangerschapskansen. Het percentage 
levend geboren kinderen per gestarte behandeling in de gemodificeerde natuurlijke cyclus 
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bedroeg 11.5% (57/495) versus 8.8% (41/464) in de artificiële cyclus. De absolute risico 
reductie was 0.027 (95% CI 0.065 – 0.012, p 0.171) in het voordeel van de gemodificeerde 
natuurlijke cyclus. Het percentage klinische en doorgaande zwangerschappen per 
behandeling was eveneens niet significant verschillend. Wel waren er verschillen in de 
kans op staken van de behandeling voordat een embryo kon worden teruggeplaatst tussen 
beide endometriumvoorbereidingsmethoden. In de artificiële cyclus werden significant 
meer behandelingen gestaakt dan in de gemodificeerde natuurlijke cyclus (26.4% versus 
20.6%). Belangrijkste oorzaak hiervan was het staken van de behandeling in verband met 
onvoldoende dikte van het baarmoederslijmvlies (17.8% versus 3.0%). De kosten van beide 
methoden van endometriumvoorbereiding waren vergelijkbaar met elkaar (€ 617,50 per 
gemodificeerde natuurlijke cyclus versus € 625,73 per artificiële cyclus).

Hoofdstuk 5
In hoofdstuk 5 wordt de mogelijke invloed van luteïniserend hormoon (LH) pieken voorafgaande 
aan hCG toediening beschreven. De planning van de gemodificeerde natuurlijke cyclus 
vindt plaats aan de hand van het bepalen van het moment van ovulatie welke opgewekt 
wordt door een eenmalige injectie met humaan choriongonadotrofine (hCG). Omdat de 
spontane eigen LH-piek ook de ovulatie induceert, zou het negeren van de aanwezigheid 
van een LH-piek op het moment van hCG toediening kunnen leiden tot een foutieve planning 
en dus, verlaging van de zwangerschapskansen. Hoewel LH-pieken op het moment van 
hCG toediening frequent voorkomen (bij meer dan 50% van de cycli leidt dit niet tot een 
aantoonbare lagere kans op een klinische of doorgaande zwangerschap. Er is daarom geen 
basis voor het niet verrichten of aanpassen van het moment van de embryo transfer omwille 
van de aanwezigheid van een LH-piek ten tijde van de hCG injectie. 

Hoofdstuk 6
Het effect van een verhoogd progesteron ten tijde van de hCG injectie in de natuurlijke 
cyclus wordt in hoofdstuk 6 onder de loep genomen. Een verhoogd progesteron ≥ 4.77 
nmol/l ten tijde van de  follikel punctie resulteert in lagere zwangerschapskansen gedurende 
een IVF-behandeling. Desynchronisatie van endometrium en embryo zou hieraan ten 
grondslag liggen. De grenswaarde van ≥ 4.77 nmol/l is gebaseerd op studies naar patiënten 
die ovariële stimulatie hebben ondergaan. In patiënten die een cryo-embryo transfer in de 
natuurlijke cyclus ondergaan zou een progesteron spiegel ≥ 4.6 nmol/l een meer passende 
definitie zijn. Hoewel een geïsoleerd verhoogd progesteron (> 4.6 nmol/l) ten tijde van de 
hCG toediening in ruim 20% van alle patiënten werd vastgesteld leidde de aanwezigheid 
van een verhoogd progesteron niet tot een lager percentage klinische en doorgaande 
zwangerschappen noch tot een lager percentage levendgeborenen. Een gecombineerd 
voorkomen van een verhoogd progesteron en de aanwezigheid van een LH-piek leidde ook 
niet tot lagere zwangerschapskansen. Daar deze analyse een relatief klein aantal patiënten 
betrof is verder aanvullend onderzoek nodig om de uitkomsten van deze studie te kunnen 
bevestigen. 
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Hoofdstuk 7
De dikte van het baarmoederslijmvlies is een andere factor welke mogelijk van invloed 
zou kunnen zijn op de zwangerschapskansen na het plaatsen van een gecryopreserveerd 
embryo in de natuurlijke cyclus. Hoofdstuk 7 beschrijft dat endometriumdikte geen 
aantoonbare invloed heeft op het ontstaan van een klinische of doorgaande zwangerschap 
of op een levend geborene. Een endometriumdikte van 7mm of minder resulteerde niet in 
een lager percentage zwangerschappen of levend geborene. Er kon geen afkapwaarde 
met betrekking tot endometriumdikte worden vastgesteld waaronder zwangerschapskansen 
zodanig negatief beïnvloed worden dat afbreken van de behandeling en kiezen voor een 
andere methode van endometriumvoorbereiding te verdedigen valt. Ook na correctie voor 
andere variabelen bleef endometriumdikte weinig voorspellend. Op basis van de resultaten 
van hoofdstuk 7 valt er geen minimale endometriumdikte aan te wijzen waaronder men moet 
afzien van cryo embryo transfer. Het valt ook niet te verdedigen om alleen op basis van een 
onvoldoende dik baarmoederslijmvlies te kiezen voor een andere voorbereidingsmethode.  

Hoofdstuk 8 
Er is een grote variatie in de wijze waarop patiënten gemonitord worden tijdens een 
gemodificeerde natuurlijke cyclus. Monitoring heeft tot doel om het meest optimale moment 
van ontdooien en plaatsen van het gecryopreserveerde embryo te bepalen. Hierdoor 
wordt de synchronisatie van embryo en endometrium gewaarborgd. Het echografisch 
monitoren van de dominante follikel kan worden aangevuld met het meten van de dikte 
van het endometrium en het bepalen van verschillende hormoonwaarden (oestrogeen, 
follikelstimulerend hormoon (FSH), progesteron en luteïniserend hormoon (LH)). De 4 
meest gebruikte aanvullingen op het meten van de dominante follikel zijn: A) meten van de 
endometriumdikte, B) bepalen van LH en progesteron spiegels, C) bepalen van oestradiol, 
FSH, LH en progesteron en D) meten van de endometriumdikte aangevuld met oestradiol, 
FSH, LH en progesteron bepalingen. De analyse die beschreven is in hoofdstuk 8 toont aan 
dat geen van de beschreven monitoring protocollen enig onderscheidend vermogen hebben 
ten aanzien van klinische zwangerschap. Hoewel de resultaten van deze studie bevestigd 
moeten worden (bij voorkeur in een gerandomiseerde trial), valt echografisch monitoring van 
de dominante follikel alleen te overwegen.  

Hoofdstuk 9 
In dit hoofdstuk worden de uitkomsten van de verschillende studies samengevat. Tevens 
worden de uitkomsten in een breder perspectief van de overige literatuur aangaande dit 
onderwerp geplaatst. Aan het einde van hoofdstuk 9 worden tevens een aantal suggesties 
voor verder onderzoek beschreven. Het is de verwachting dat het aantal embryo’s dat 
gecryopreserveerd wordt gaat toenemen. Derhalve is er behoefte aan het verder optimaliseren 
van de endometrium voorbereidingsmethode. Cryo-embryo transfer in een ‘echte’ natuurlijke 
cyclus waarbij de planning van ontdooien en plaatsen van het embryo wordt bepaald 
door het optreden van de LH piek in urine zou een patiëntvriendelijk en kosteneffectief 
alternatief kunnen zijn voor de gemodificeerde natuurlijke cyclus. Tot op heden heeft er 
geen gerandomiseerde studie plaats gevonden waarin deze methode van endometrium 
voorbereiding is vergeleken met de gemodificeerde natuurlijke cyclus. Daarnaast zijn er 
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momenteel volop ontwikkelingen gaande die streven naar meer op maat gemaakte zorg. 
Identificatie van patiënten die een lage kans op zwangerschap hebben (bijvoorbeeld ten 
gevolge van desynchonisatie van het endometrium en embryo door ovariële stimulatie of 
een afwijkend microbioom) zou kunnen leiden tot selectie van patiënten die baat hebben 
bij separatie van ovariële stimulatie en embryo transfer. Daarnaast zouden de zogenoemde 
‘endometrial receptivity arrays’ kunnen helpen bij het bepalen het moment van ontdooien en 
embryo transfer en de keuze voor een bepaalde methode van endometrium voorbereiding. 
Hiervoor is echter nog wel een verdere ontwikkeling van deze array nodig. Door te streven naar 
een meer op maat gemaakte behandeling per patiënt kan de efficiëntie van geassisteerde 
reproductieve technieken worden verbeterd hetgeen leidt tot betere zwangerschapscijfers 
alsmede vermindering van de belasting voor de patiënten. 
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Het is af!

De opluchting die deze 3 woorden met zich mee brengen is niet te beschrijven, evenmin als 
mijn dank aan een ieder die bij heeft gedragen aan dit proefschrift. Iedereen apart bedanken 
geeft het risico dat je mensen vergeet, dus bij deze; voor een ieder die mee geholpen heeft 
een welgemeend ‘dank je wel!’. Dat gezegd hebbende ontkom ik er niet aan sommige 
mensen met naam en toenaam te benoemen voor hun aandeel in dit proefschrift.

Beste Ben, hoewel promoveren een gekoesterde wens van mij was heb ik lang gedacht 
dat dit niet voor mij zou zijn weggelegd. Promoveren was in mijn ogen iets voor écht 
intelligente mensen! Jouw onderkenning van mijn capaciteiten is de basis geweest voor 
onze samenwerking en voor dit proefschrift. In de jaren die we hebben samengewerkt in 
Zwolle heb ik veel van je mogen leren. Het mooiste cadeau dat je aan iemand kan geven is 
kennis. Mijn dank is daarom groot.

Geachte Professor dr. Macklon, beste Nick. Ver weg en toch dichtbij. Je vertrek naar 
Southampton heb ik nooit als een beperking ervaren. Je was per slot van rekening slechts 
een email verwijderd. Dank je voor de tijd die je vrij maakte in je (drukke) agenda, voor alle 
hulp en ondersteuning.   

Professor dr. Fauser, beste Bart. Wat ontzettend fijn dat u zo laat nog wilde aanhaken! Ik wil 
u heel hartelijk danken voor al uw moeite en uw tijd. 

Geachte leden van de beoordelingscommissie, hartelijk dank voor het kritisch doornemen en 
beoordelen van het proefschrift.

Beste Boudewijn, als statistische en epidemiologische dummy was ik buitengewoon blij dat jij 
mij wilde helpen. Zelfs toen je al lang uit de Isala vertrokken was bleef je betrokken, ‘gewoon’ 
omdat je het leuk vond. Je kennis en kunde, maar vooral het vermogen om dat aan mij over 
te dragen is indrukwekkend. Ik heb onze samenwerking als erg waardevol ervaren.

Alle participerende centra, lokale onderzoekers en onderzoeksverpleegkundigen: zonder 
jullie inzet was het never nooit niet tot 1032 inclusies gekomen. Mijn hartelijke dank voor 
iedere inclusie en ieder ingevuld CRF.

Mijn oud-collega’s van het Fertiliteitscentrum Isala. Ik kijk terug op leerzame maar vooral 
gezellige jaren bij jullie. Voor al mijn oud-collega’s AIOS en opleiders van het cluster Noord-
Oost een oprecht sorry! Sorry voor alle tijd die ik met andere zaken bezig was (zwanger zijn, 
onderzoek) dan patiëntenzorg. 

De Zwolse maatschap vrouwenartsen, enorm bedankt voor alle kansen die jullie hebben 
geboden. De Maatschap gynaecologie van het MCL, dank jullie voor jullie interesse en het 
meedenken. Ik denk met veel goede herinneringen terug aan mijn tijd bij jullie, dank!  
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Mijn oud-collega’s van het Centrum voor Voortplantingsgeneeskunde van het AMC 
Amsterdam. Het was heel fijn dat ik bij jullie tijdens de laatste 14 weken van mijn opleiding 
de puntjes of de fertiliteits-i mocht zetten. 

Tot slot, mijn opleiders: Harm de Haan, Marjan Mourits, Paul van der Berg, Sicco Scherjon, 
Leonard Morssink en Denise Perquin. Heel hartelijk dank voor jullie vertrouwen. 

Jaap, Johan, Thomas, Wilma en Marie-Thérèse, iedere werkdag rijd ik met veel plezier 
naar de andere kant van de plas. Dank jullie voor het warme welkom, de gezelligheid en 
saamhorigheid.  Ik kijk uit naar nog heel veel fijne jaren in het Helderse! Lieve polidames, 
verloskundigen en verpleegkundige dank jullie voor de interesse en alle hulp de afgelopen 
maanden. 

Lieve Anne (en Eric), wie had kunnen vermoeden dat dit proefschrift zo’n persoonlijke en 
emotionele lading had kunnen krijgen. Anne, ik ben immens dankbaar dat jij mijn paranimpf 
bent. Dank je voor je steun, inspanning en bemoedigende woorden! 

Leave Anskje, it is bysûnder om te fernimmen dat, nettjinsteande dat wy de ôfrûne jierren elk 
ús eigen paad gean binne, ús wegen altyd wer by inoar komme. Ik bin tige bliid en grutsk 
datst hjoed njonken my stiest.

Neven en nichten, wat een bijzondere familie hebben wij. Fijn dat we de traditie van Pake 
en Beppe voortzetten! Saskia, dank je voor je hulp bij het ‘tot leven brengen’ van dit 
proefschrift. 

Wouter en Elles, onze dinertjes, lunches, brunches en dunches waren altijd iets om naar 
uit te kijken. Dank jullie voor al jullie gezelligheid. Jelleke en Jan, bedankt voor de steun op 
afstand.

Beste Theo en Afke, dat de ‘koude’ kant zo warm kan zijn! Dank jullie voor jullie interesse en 
hulp! Beste oma Annie, dank voor de uren dat Tygo en Naut bij jou mochten verblijven zodat 
ik kon werken aan mijn proefschrift. 

Heit, dat wijsheid met de jaren komt dat heb jij wel bewezen. De laatste jaren ben ik je steeds 
meer gaan begrijpen. Beste Mem, dank je voor het doorzettingsvermogen! Dat heeft me 
in deze geen windeieren gelegd. Zonder jullie eindeloze hulp en steun was ik niet zover 
gekomen. 

Eliza en Evita, lieve zusjes! Ik zeg het niet zo vaak maar ik ben verschrikkelijk trots op 
jullie! Jullie humor, steun en relativeringsvermogen (en dat alles op geheel eigen wijze) is 
ongeëvenaard. Dank voor het me met beide benen op de grond houden.
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Lieve Nordin en Jarno, dank jullie voor jullie geduld en jullie hulp. Nordin, de wijze waarop jij 
‘even’ mijn samenvattingen corrigeerde blijft indrukwekkend! Jarno, dank je voor de vrolijke 
noot bij ons thuis. 

Lieve, lieve Tygo en Naut, met jullie komst werd alles anders! Sorry voor de vele middagen 
dat ik achter de computer geen oog voor jullie had en de dagen dat jullie bij de oppas 
moesten blijven omdat ik aan mijn boekje moest schrijven. Vanaf vandaag ben ik er weer!

Lieve Remco, dit proefschrift is misschien wel net zo goed jouw verdienste als die van mij. 
Dank je voor de brede rug als ik weer eens liep te mopperen, je schouder als het allemaal 
tegen zat maar bovenal dank je voor het hart dat mij de ruimte gaf om mijn droom te 
verwezenlijken.
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Eva Groenewoud werd op 23 december 1982 geboren te Leeuwarden. In het jaar 2000 
behaalde zij haar VWO diploma aan het Piter Jelles College in Leeuwarden. Datzelfde jaar 
begon zij aan de studie geneeskunde aan de Rijksuniversiteit Groningen. De co-schappen liep 
zij in het Medisch Centrum Leeuwarden. Eind 2006 begon Eva aan haar wetenschappelijke 
stage op het Fertiliteitscentrum Isala te Zwolle. Deze stage zou de basis vormen voor de 
samenwerking met dr. Ben Cohlen. Na de wetenschappelijke stage en een keuze co-schap 
Obstetrie en Gynaecologie ook in de Isala volgde een baan als AGNIO/arts-onderzoeker. 
Tijdens deze periode werd de basis gelegd voor de ANTARCTICA trial welke in februari 2009 
van start ging en uiteindelijk resulteerde in dit proefschrift. 

In november 2009 werd Eva aangenomen voor de opleiding tot gynaecoloog in het cluster 
Noord-Oost Nederland. Voorafgaand aan het starten met de opleiding was zij kortdurend 
werkzaam als fertiliteitsarts in Zwolle. Per 1 juli 2010 startte zij met de opleiding tot  
gynaecoloog, eerst in Zwolle (Isala, opleider dr. H.H. de Haan) aansluitend in Groningen 
(Universitair Medisch Centrum Groningen, opleider prof. dr. M.J.E. Mourits) en tot slot in het 
Medisch Centrum Leeuwarden (opleider dr. L.P. Morssink). De laatste 3 maanden van haar 
opleiding werkte Eva bij het Centrum Voor Voortplantsingsgeneeskunde van het Academisch 
Medisch Centrum te Amsterdam. Vanaf 1 december 2016 is Eva werkzaam als gynaecoloog 
met aandachtsgebied fertiliteit in het Noordwest Ziekenhuis, locatie Den Helder. Eva is 
getrouwd met Remco. Samen met Remco, haar zonen Tygo en Naut en ‘bonus kinderen’ 
Nordin en Jarno woont zij in Sneek.  
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