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Introduction: Timing of ovulation triggering is essential in infertility treatments including
treatments based on natural menstrual cycles. However, data on follicle size and
oestradiol (E2) concentration are limited. Therefore, the model of natural cycle IVF (NC-
IVF) was applied to provide more detailed information on these parameters to better
schedule the optimal time for triggering ovulation.

Materials and Methods: A retrospective cross-sectional analysis of 606 monofollicular
NC-IVF cycles was performed at a university-based IVF centre from 2016 to 2019. Follicle
size and E2 and LH serum concentrations were evaluated on day -5 to O (day O = day of
oocyte retrieval). Ovulation was triggered if follicle size was 14-22 mm. Patients with
irregular cycles, endometriosis >I1°, cycles with azoospermia or cryptozoospermia and
cycles with inconsistent data were excluded. All parameters were analysed inter- and
intraindividually, and associations of the parameters were evaluated. Associations were
adjusted for age, cause of infertility and number of previous transfers.

Results: The mean age of women undergoing NC-IVF was 35.8 + 4.0 years. Follicle size
increased by 1.04 + 0.03 mm, and E2 concentration by 167 + 11.0 pmol/l per day. Based
on a multivariate adjusted mixed model with follicle size, E2 and their interaction, the
number of retrieved oocytes was associated with E2 concentration (20OR 1.91, 95% Cl:
1.03-3.56; p = 0.040). Maturity of oocytes was associated not only with E2 concentration
(@OR 2.01, 95% CI: 1.17-3.45; p = 0.011) but also with follicle size (@OR 1.27, 95% CI:
1.01-1.60; p = 0.039), as was the interaction of both parameters (aOR 0.96, 95% CI:
0.93-0.99; p = 0.017).LH surge was calculated to start in 25% of cases at an E2 level of
637 pmol/l, in 50% of cases at 911 pmol/l and in 75% of cases at an E2 level of 1,480
pmol/l.The live birth rate per follicle aspiration cycle was (non-significantly) higher in cycles
with follicles sizes at the time of oocyte retrieval of 18-22 mm (7.7%—-12.5%) versus in
cycles with follicles sizes of 14-17 mm (1.6%—-4.3%).
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Conclusion: The study contributes to an optimization of infertility treatments involving
natural cycles. The study gives guidance about the number of days required after follicle
monitoring to schedule the optimal time for triggering ovulation.

Keywords: follicle, follicle size, oestradiol, in vitro fertilization, natural cycle IVF, ovulation triggering, implantation

rate, live birth rate

INTRODUCTION

Many infertility treatments are performed in natural cycles in
which only medication to trigger ovulation is administered. One
reason is that low-dose monofollicular ovarian gonadotropin
stimulation does not increase the pregnancy rate in regular cycles
as shown for timed intercourse, intrauterine inseminations and
IVF thawing cycles (1, 2).

Furthermore, natural cycle-based treatments can even be
beneficial for patients. In in vitro fertilization (IVF), it was
shown that natural cycle-based thawing cycles bear a lower risk
of pregnancy-associated complications such as hypertensive
disorders, preeclampsia, large for gestational age babies and
macrosomia compared to artificial cycle-based thawing cycles
(3). In women with a very low ovarian reserve, natural cycle IVF
(NC-IVF) has been shown to be more effective than
gonadotropin-stimulated IVF (4) and perinatal outcome of
children born after NC-IVF seems to be better than in children
born after gonadotropin-stimulated IVF (5). Furthermore,
treatments based on natural cycles do not require gonadotropin
injections and do not require luteal phase support (6) which can
cause some discomfort, especially if applied vaginally (7).

However, natural cycles require perfect timing of the hCG
trigger to achieve the highest possible success rate. A too early
triggering might result in immature oocytes, immature
endometrium and luteal phase insufficiency. Moreover, if the
trigger is timed too late, spontaneous LH surge might already
have occurred resulting in a wrong timing of intercourse and
insemination or oocyte retrieval (8).

Some previous studies have already provided basic data on
follicle growth and the association of oestradiol (E2)
concentration and LH surge in natural cycles. The studies
described an average follicle growth per day of 2.5 mm (9) or
1.42 mm (10), a mean size of the follicle at the time of ovulation
of 20.2 mm (11) or 21.4 mm (12) and an average E2 level 1 day
before the luteinizing hormone (LH) peak of 1087 pmol/L (12).
They also analysed the relation between E2 and LH during the
LH peak (13).

However, even though these studies provide substantial data
on the physiology and endocrinology of folliculogenesis, they are
based only on small sample sizes, have not been generated in
NC-IVF cycles and are not linked with success rates.

Data on the ideal follicle size to achieve the highest success
rates have already been evaluated in gonadotropin-stimulated
IVF cycles (14-16), but only in one small study in NC-IVF cycles
(17). As the growth dynamic of follicles is different in stimulated
cycles (10), because stimulated IVF is associated with a
multifollicular response and as E2 concentrations cannot be

analysed per follicle in stimulated IVF, the results of these
studies cannot be interpreted in the context of natural cycles.

We therefore used the model of NC-IVF to analyse a large
number of patients and IVF cycles to evaluate the dynamics of
follicular growth, E2 concentration during the most relevant few
days before ovulation triggering and the association between E2
concentration and beginning LH surge. This time period is
crucial for the clinician to estimate the onset of the LH surge
and to define the best timing for ovulation triggering. The goal of
the study was to provide the most realistic data and therefore also
to describe the heterogeneity of different natural cycles to provide
data which give the best guidance to clinicians to optimize
natural cycle-based treatments.

METHODS
Study Population and Participants

This is a retrospective, observational single-centre study
performed between 2016 and 2019. 290 women, 22-42 years of
age with a regular menstrual cycle (25-35 days) and basal FSH
and LH concentration <10 IU/I and LH concentration before
ovulation triggering <20 IU/I undergoing 606 NC-IVF cycles,
were included in the study. A beginning LH surge was defined as
LH concentration between 10 and <20 IU/1 (18). 138 women
performed 1 cycle, 69 women 2 cycles, 39 women 3 cycles, 20
women 4 cycles, 11 women 5 cycles and 13 women 6 cycles.

Follicle size was measured by calculating the diameter of the
follicle on day -5 to day 0 (day -2: day of ovulation trigger; day 0:
day of oocyte retrieval). E2 concentration was analysed on day -5
to day -2.

1,012 follicle size measurements and 583 E2 measurements
were performed. Ovulation was triggered with 5,000 IE hCG 36 h
before aspiration if the follicle size was 14-22 mm.

Women without an embryo transfer, with endometriosis >
rASRM II° (revised American Society of Reproductive Medicine
classification of endometriosis of the American Society for
Reproductive Medicine) (as diagnosed by laparoscopy or
clinical and ultrasound analysis), with fibroids as diagnosed by
ultrasound or with other uterine pathology (e.g., uterine polyps,
adhesions) and with sperm collection by testicular sperm
extraction (TESE) were excluded.

IVF Treatments

NC-IVF cycles were monitored using transvaginal ultrasound
measurements of follicular diameter and serum level of E2 and
LH. When the follicle diameter reached 14-22 mm or when the
E2 concentration was expected to be >700-800 pmol/l, 5,000 U
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of hCG (Choriomon®, IBSA Institut Biochimique SA, Lugano,
Switzerland) was administrated without LH suppression or
ovarian stimulation and patients were scheduled 36 h later for
oocyte retrieval (average number of days between the last
consultation and HCG administration: 2.4 days (SD 0.6)).
Oocyte retrieval was performed without anaesthesia and
without analgesia using 19-G single lumen needles, and
follicles were flushed five times (19). Embryos were transferred
2 or 3 days after aspiration. Luteal phase support was
administered using vaginal micronized progesterone
(Utrogestan®, Vifor Pharma SA, Villars-sur-Glane,
Switzerland) in the event of a short luteal phase.

Fertilization was performed by IVF or ICSI depending on the
sperm quality. Clinical (defined as ultrasound detection of
amniotic sac) pregnancy rates and live birth rate were analysed
per transferred embryo.

Statistical Analysis

Follicle sizes and E2 concentrations were calculated for each
cycle time point. Mean differences were shown, and comparisons
between the different time points were computed through a
linear mixed-effect model. The overall p-values were computed
by testing the equality of all the coefficients from the model with
categorical time points by day. The mean increases per day were
computed considering the measurement available minus the
previous measurement available divided by the number of days
between these two measurements.

Associations of outcome parameters for follicle sizes were
derived from a multivariate mixed-effect logistic model including
follicle size, oestrogen level and their interaction against different
clinical variables (oocyte, mature oocyte, clinical pregnancy
and birth).

Outcome parameters were adjusted for female age, cause of
infertility and number of previous embryo transfers
without pregnancy.

Coefficients from linear and mixed-effect linear regressions of
association between E2 and LH concentrations 10 to <20 IU/I
and additional coefficients for quantile mixed-effect linear
regression for percentiles 25, 50 and 75 were calculated.

All analyses were performed using Stata 16 (Stata
Corporation, College Station, TX).

Ethics

Informed written consent was obtained prior to treatment, and
the study was approved by the cantonal ethical committee Bern,
Switzerland (KEK 2020-00634).

RESULTS

290 women undergoing 606 NC-IVF cycles were identified. The
basic characteristics of these cycles are shown in Table 1. The
mean female age when the cycles were performed was 35.0 + 4
years. The overall infertility factors were male factors (48%),
female factors (16%), female and male factors (14%) and
idiopathic infertility (22%).

Follicle diameter related to day -5 to day 0 and E2
concentrations related to day -5 to -2 are shown in Figure 1.
On average, the follicle diameter increased at 1.04 + 0.03 mm and
E2 concentration at 167 + 11 pmol/l per day (Table 2).

Follicle size was only associated with number of mature
(metaphase II) oocytes per follicle aspiration (aOR 1.27, 95%
CI: 1.01-1.60) (Table 3). However, the E2 concentration was also
associated with number of oocytes (aOR 1.91, 95% CI: 1.03-
3.56). Furthermore, the association of E2 concentration with
mature oocytes was more distinct (aOR 2.01, 95% CI: 1.17-3.45)
than follicle size. The odds ratios for clinical pregnancy rates and
live births were >1, but not significant for both parameters.
Follicle size and E2 concentration interacted statistically for
number of oocytes and number of mature oocytes (Table 3).

Figure 2 shows the outcome parameters in relation to follicle
size per aspiration. In follicles with a diameter of 14-15 and 21-
22 mm, the oocyte collection rate was lower compared to follicles
16-20 mm, leading to lower rates of mature oocytes and
embryos. However, these differences were not significant.

Table 4 describes the outcome parameters per individual
parameter as mentioned in the top line of the table. The numbers
do not allow definite conclusions to be drawn. However, the live

TABLE 1 | Cycle characteristics (n = 606).

Age at aspiration, years
Mean (SD)
Median [IQR]
Range

Causes of infertility, n (%)
Male factor
Female factor
Male and female
Idiopathic

Number of previous embryo transfers without pregnancy, n (%)
0-1
>2-3
>4-6

AMH (ng/mL)
Mean (SD)
Median [IQR]

35 (4.0)
36 [34, 39]
20-42

289 (48%)
99 (16%)
83 (14%)
135 (22%)

457 (75%)
107 (18%)
42 (7%)

2.4 (2.4)
1.6 0.7, 3.6]
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FIGURE 1 | Dynamics of (A) follicular growth expressed as follicle size per day and (B) oestrogen (E2) increase expressed as oestrogen concentration per day in
natural cycles within the last 5 days before follicle aspiration (day O = day of oocyte retrieval). Box and and whisker plot shows median, interquartile range, maximum,

birth rate per follicle aspiration cycle was (non-significantly)
higher in cycles with follicles sizes at the time of oocyte retrieval
of 18-22 mm (7.7%-12.5%) versus in cycles with follicles sizes of
14-17 mm (1.6%-4.3%).

Table 5 depicts the E2 concentration at which the beginning
of a LH surge can be expected, based on 138 observations with
LH concentrations 10 to <20 IU/1. Based on a mixed-effect model
of all data, an increase in LH can be expected in 50% of cases at
an E2 concentration of 911 pmol/l. Calculations per quantile
revealed that it can be expected that an LH increase occurs in
25% of cases at E2 concentrations <637 pmol/l. In 75% of cases,
the LH increase can be expected at E2 concentrations <1,480
pmol/L

DISCUSSION

Our study describes the pre-ovulatory dynamics of follicle
growth, E2 increase and LH surge in spontaneous cycles and
suggest the best constellation for timing of hCG triggering.

The weakness of the study is its retrospective and non-
randomized design requiring multiple statistical adjustments.
The strength of the study is the model of NC-IVF used in our
study which not only allows us to evaluate the dynamics of
follicle growth and E2 increase in the late follicular phase but also
to analyse the association of these data with outcome parameters
such as number of retrieved oocytes. Another strength of the
study is the high number of included cycles.

The dynamics of follicle growth in spontaneous cycles has
already been described in previously published papers. Renaud
et al, 1980 (20), evaluated 11 cycles. The average follicular
growth as measured from the time of sonographic visualization
was 3 mm per day. Rossavik and Gibbons, 1985 (9), evaluated 25
cycles and found a mean daily increase in follicular size of
approximately 2.5 mm. Pache et al.,, 1990 (21), studied 7 cycles
and described an average follicle growth of 1.4 to 2.2 mm (mean
1.7 mm) per day. Baerwald et al., 2009 (10), analysed 50 cycles
and found an average follicular growth of 1.48 + 0.1 mm per day.

In contrast to these previously published studies, our study
included many more cycles. Furthermore, more parameters such
as the means, the medians, the standard deviations and the
interquartile ranges were calculated to improve the usability of
the data in clinical practice.

The previous studies found an average increase in follicle size
of 3.0 mm (20), 2.5 mm (9), 1.7 mm (21) and 1.48 mm per day
(10). We found an increase of 1.04 + 0.03 mm per day. The
increase in follicle size in our study was therefore lower than in
the previously published studies. The reason for this discrepancy
might be due to differences in the ultrasound technology, as an
increase in follicles size of 3.0 mm was published in 1980 (20), of
2.5 mm in 1985 (9) and of 1.7 mm in 1990 (21). Assuming that
the size of the leading follicle measures around 10 mm in the mid
follicular phase cycle on day 7, as described by Bakos et al., 1994
(12), and assuming that the follicle ovulates on day 14 with a
diameter of around 20 mm, as described by Hackeler et al., 1979
(22), a theoretical average increase in follicle diameter of 1.4 mm

TABLE 2 | Foliicle sizes and E2 and LH concentrations on day -5 to day -2 (day -2 = day of trigger) and average increases per day.

Day -5 Day -4 Day -3 Day -2 Day 0 Increase per day + SD  p-value
Follicle size, mm, mean (SD) 12.4(1.5) 13.5(1.8) 14.7 (1.9 16.5 (2.1) 17.9 (2.1) 1.04 +£ 0.03 <0.001
Follicle size, mm, median (IQ range) 12 (11;13) 14 (12;15) 15 (14;16) 16 (15;18) 18 (17;19) - -
Follicle size, observations, n 84 189 164 146 446
E2, pmol/L, mean (SD) 306 (90) 440 (133) 627 (198) 816 (219) - 167 £ 11 (hg/ml: 46 + 21)  <0.001
E2, pmol/l, median (1Q-range) 298 (241;353) 430 (351; 501) 605 (487; 719) 790 (645; 976) - - -
E2, observations, n 58 161 155 142 -
LH, IU/L, mean (SD) 6.9 (2.8 6.7 (2.5 8.2 (3.0 11.1(3.7) - 1.08 £ 0.30 <0.001
LH, IU/L, median (IQ-range) 6.4 (5.4,8.1) 6.6 (5.1;8.0) 7.8 (6.0; 9.6) 11.0 (8.6; 13.6) -
LH, observations, n 58 161 155 142 -
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TABLE 3 | Association of outcome parameters with follicle size and E2 concentration and interaction of both.

Outcome parameters Follicle size, per mm, OR p-

value

E2 concentration, per 100pmol/l, OR  p- Interaction of follicle size and E2, OR p-

(95% Cl) (95% Cl) value (95% Cl) value
Number of oocytes 1.10 (0.85;1.42) 0.476 1.91 (1.03;3.56) 0.040 0.97 (0.93;1.00) 0.074
Number of mature (MIl) 1.27 (1.01;1.60) 0.039 2.01 (1.17;3.45) 0.011 0.96 (0.93;0.99) 0.017
oocytes
Number of clinical 1.17 (0.78;1.75) 0.457 1.03 (0.41;2.59) 0.948 1.00 (0.94;1.06) 0.924
pregnancies
Number of live births 1.19 (0.75;1.88) 0.455 1.18 (0.43;3.24) 0.753 0.99 (0.93;1.06) 0.752

per day would be expected. Therefore, an increase in follicle
diameter of >2 mm per day as described by previously published
studies can be assumed to be too high, which might be due to
differences in ultrasound technology 30-40 years ago.

Our study revealed a follicle growth of even less than the
theoretical expected follicle growth of 1.4 mm per day. It can be
hypothesized that the even lower increase in follicle size in our
study might be due to the inclusion of some cycles with
dysfunctional follicles and therefore reduced follicular growth.

Hackeloer et al., 1979 (22), also studied E2 concentrations in
15 spontaneous cycles. The E2 concentration was 143 + 25 pg/ml
(526 £ 92 pmol/l) on day -5 (day 0 = LH peak) and 263 + 46 pg/
ml (967 + 169 pmol/l) on day -1, corresponding to an increase in
E2 of around 30 pg/ml (110 pmol/l) per day.

Our study revealed a much higher E2 increase of 167 pmol/l
per day. The discrepancy between the study by Hackelder et al.
and our study can hardly be explained, especially as Hackeloer
et al. even found a faster increase in follicle growth than
described in our study, which should have led to an even more
pronounced increase in E2 concentration per day in their study.
This discrepancy is possibly due to different E2 assay technology,
as the study by Hackelder et al. (22) was performed around 40
years ago.

Bakos et al., 1994 (12), had already analysed the relation
between the concentration of E2 and the beginning of the LH
surge in spontaneous cycles. They found a mean E2
concentration of 1,087 pmol/l (range 490 to 1710 pmol/l) on
the day before the LH peak and therefore on the day when the
LH surge was triggered by E2. Our study revealed that the LH
surge was triggered approximately by a mean E2 concentration
of 911 pmol/l (interquartile range of 637 to 1,480 pmol/l). Even
though the approaches by Bakos et al., 1994 (12), and our study
were slightly different, the mean E2 values which trigger the LH
peak are quite similar. Furthermore, both studies revealed a
broad and similar range of E2 concentrations at which the LH
surge can be triggered.

We also studied the association of follicle size and outcome
parameters. To achieve the highest accuracy, the outcome
parameters were associated with follicle size at the time of
oocyte retrieval. Accordingly, to use these data in clinical
practice the expected follicle sizes at the time of hCG trigger
can be expected to slightly smaller than stated in Table 4.

Previous studies had also already analysed the association of
parameters such as follicle size and rate of retrieved oocytes and
implantation rate, but mainly in gonadotropin-stimulated IVF
treatment cycles (14, 16). Dubey et al, 1995 (14), found a
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TABLE 4 | Association of outcome parameters with follicle size.

Follicle Number Mean (SD); Oocyte Oocyte MIl rate Embryo Clinical pregnancy Live birth rate per  Live birth

diameter of median age [IQR] collection rate  per collected development rate per embryo (day  embryo (day 2 rate per

(day of analysed of the patients in  per aspiration oocyte (95% CI) rate per Mil 2 transfer) (95% CIl) transfer) (95% Cl)  aspiration

oocyte cycles years (95% CI) oocyte (95% (95% Cl)

retrieval) Cl)

14-15 mm 61 37 (3); 37 [35;39] 75.4% 84.8% 69.2% 12.5% (4.3;31.0) 4.2% (0.7;20.2) 1.6% (0.3;8.7)
(63.3;84.5) (71.8;92.4) (53.6;81.4)

16 mm 47 38 (4); 39 [37;41] 91.5% 90.7% 76.9% 10.3% (3.6;26.4) 6.9% (1.9;22.0) 4.3%
(80.1;96.6) (78.4;96.3) (61.7;87.4) (1.2;14.2)

17 mm 86 35 (4); 36 [32;37] 87.2% 86.7% 80.0% 9.6% (4.2;20.6) 5.8% 2.0;15.6) 3.5% (1.2;9.8)
(78.5;92.7) (77.2;92.6) (68.7;87.9)

18 mm 72 35 (4); 36 [34;38] 83.3% 95.0% 77.2% 25.0% (14.6;39.4) 20.5% (11.2;34.5) 12.5% (6.7-
(73,1;90.2) (86.3;98.3) (64.8;86.2) 22.1)

19 mm 70 35 (4); 36 [33;38] 87.1% 95.1% 84.5% 16.3% (8.5;29.0) 14.3% (7.1;26.7) 10.0%
(77.3;93.1) (86.5;98.3) (73.1;91.6) (4.9;19.2)

20 mm 71 35 (4); 36 [33;39] 84.5% 86.7% 78.8% (66.0- 20.0% (10.4;34.8) 15.0% (7.1;29.1) 8.5%
(74.3;91.1) (75.8;93.1) 87.8) (3.9,17.2)

21-22 mm 39 36 (4); 36 [33;38] 74.4% 89.7% 76.9% 15.8% (5.5;37.6) 15.8% (5.3;37.6) 7.7%
(68.9;85.4) (73.6;96.4) (57.9;89.0) (2.7;20.3)

Adjusted for age, cause of infertility and number of previous embryo transfers without pregnancy.

fertilization rate of 57.9% in oocytes retrieved from 10-14-mm
follicles, of 69.8% in oocytes from 16-20-mm follicles and of 73.9%
in oocytes retrieved from 22-26-mm follicles. The fertilization rates
were significantly higher in follicles 216 mm compared to follicles
<14 mm. Wirtleitner et al., 2018 (16), compared follicles sized >24
mm versus 13-23 mm. The oocyte retrieval rate was 81.3% vs.
76.6%, the proportion of metaphase II oocytes per retrieved oocytes
was 70.1% vs. 64.0% and the zygote development rate per
metaphase II oocytes was 81.4% vs. 75.3%. Even though all these
rates were higher in the large follicles, the differences were not
significant. Other parameters such as blastocyst development and
implantation rates were neither higher nor significantly different in
oocytes retrieved from larger follicles.

In unstimulated NC-IVF, such associations were previously
only addressed by Reljic et al., 1999 (17). Reljic et al. studied 98
NC-IVF cycles and evaluated if the E2 concentration, measured
daily between days -3 and +2 (day 0 = day of hCG trigger), was
associated with oocyte retrieval rate, fertilization rate and
implantation rate. They could not detect any associations.

In contrast, our study did reveal a significant association of
increasing follicle size with the number of retrieved metaphase
oocytes and a significant association of increasing E2
concentration with the number of retrieved oocytes and the
number of retrieved metaphase II oocytes. Furthermore, our
study suggests that E2 concentrations are a better prognostic
factor for the retrieval of mature oocytes than the size of the

TABLE 5 | Association of LH and E2 concentration for defined quantiles.

Quantile  Percentage of cases with pmol/L ng/mL
expected LH surge

25 25% <637 <173

50 50% <911 <248

75 75% <1,480 <408

Percentage of cases with the given E2 (pmol/L and ng/mL) concentration at which
beginning of LH surge (LH 10- <20 U/L) can be expected to occur.

follicle. DiMattina et al., 2014 (23), found a lower threshold E2
level of 408 pmol/l below that no clinical pregnancy occurred.

Our study also revealed that the live birth rate per initiated
cycle was (non-significantly) higher in cycles with follicle sizes at
the time of oocyte retrieval of 18-22 mm versus in cycles with
follicle sizes of 14-17 mm. However, these data need to be taken
with care as in some patients more than one cycle was included.

These findings are in line with the abovementioned studies
performed in gonadotropin-stimulated IVF treatments regarding
better outcome parameters of oocytes retrieved from follicles >14-
15 mm, indicating that the impact of follicle size is similar in
gonadotropin and in unstimulated cycles. In addition, we found that
the E2 concentration is a better prognostic factor for the outcome of
the follicle aspiration. This view is supported by previous studies
which had shown that follicular fluid E2 concentrations are
positively associated with embryo score in natural cycles (24).

The data provided by our and by previous studies raise the
question of whether they can be used in clinical practice. The
data enable the clinician to estimate the dynamics of follicle
growth and to estimate the best time for the hCG trigger.
Therefore, these data can be used to reduce the number of
consultations to monitor follicle growth and E2 increase. As
shown by von Wolff et al., 2014 (25), it is possible to perform
NC-IVF with only 1.2 consultations to monitor follicle growth.

In conclusion, our study provides parameters to better
estimate the dynamic of follicle growth and E2 increase in
spontaneous cycles and to optimize the timing of the hCG
trigger. It is thereby possible to reduce the number of follicle
monitoring consultations and possibly to reduce treatment-
related stress and treatment costs.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Frontiers in Endocrinology | www.frontiersin.org 6

May 2022 | Volume 13 | Article 855131


https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Helmer et al.

Timing of Ovulation Triggering in Natural Cycles

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Cantonal Ethical Committee, Bern, Switzerland
(KEK 2020-00634). The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

IM, PS and MvW designed the study and interpreted the data.
AH and IM performed the data collection and OS the statistical
analysis. MvW prepared the manuscript, and all authors revised
the final manuscript. All authors contributed to the article and
approved the submitted version.

REFERENCES

1. Wang R, Danhof NA, Tjon-Kon-Fat RI, Eijkemans M], Bossuyt PM,
Mochtar MH, et al. Interventions for Unexplained Infertility: A
Systematic Review and Network Meta-Analysis. Cochrane Database Syst
Rev (2019) 9:CD012692. doi: 10.1002/14651858.CD012692.pub2

2. Wu H, Zhou P, Lin X, Wang S, Zhang S. Endometrial Preparation for
Frozen-Thawed Embryo Transfer Cycles: A Systematic Review and
Network Meta-Analysis. ] Assist Reprod Genet (2021) 38:1913-26. doi:
10.1007/s10815-021-02125-0

3. Moreno-Sepulveda J, Espinos JJ, Checa MA. Lower Risk of Adverse
Perinatal Outcomes in Natural Versus Artificial Frozen-Thawed Embryo
Transfer Cycles: A Systematic Review and Meta-Analysis. Reprod BioMed
Online (2021) 42:1131-45. doi: 10.1016/j.rbmo.2021.03.002

4. Abe T, Yabuuchi A, Ezoe K, Skaletsky H, Fukuda J, Ueno S, et al. Success
Rates in Minimal Stimulation Cycle IVF With Clomiphene Citrate
Only. J Assist Reprod Genet (2020) 37:297-304. doi: 10.1007/s10815-
019-01662-z

5. von Wolff M. Natural Cycle and Minimal Stimulation IVF Related
Children's Health Risks. In: M von Wolff, editor. Natural Cycle and
Minimal Stimulation IVF - From Physiology to Clinical Practice, Ist
edition. Berlin: Springer (2022).

6. von Wolff M, Kohl Schwartz A, Stute P, Fah M, Otti G, Schiirch R, et al.
Follicular Flushing in Natural Cycle IVF Does Not Affect the Luteal Phase —
a Prospective Controlled Study. Reprod BioMed Online (2017) 35:37-41.
doi: 10.1016/j.rbmo.2017.04.003

7. Kleinstein JLuteal Phase Study Group. Efficacy and Tolerability of Vaginal
Progesterone Capsules (Utrogest 200) Compared With Progesterone Gel
(Crinone 8%) for Luteal Phase Support During Assisted Reproduction.
Fertil Steril (2005) 83:1641-9.

8. von Wolff M. The Role of Natural Cycle IVF in Assisted Reproduction. Best
Pract Res Clin Endocrinol Metab (2019) 33:35-45.

9. Rossavik IK, Gibbons WE. Variability of Ovarian Follicular Growth in
Natural Menstrual Cycles. Fertil Steril (1985) 44:195-9.

10. Baerwald AR, Walker RA, Pierson RA. Growth Rates of Ovarian Follicles
During Natural Menstrual Cycles, Oral Contraception Cycles, and Ovarian
Stimulation Cycles. Fertil Steril (2009) 91:440-9.

11. Apter D, Riisdnen I, Ylostalo P, Vihko R. Follicular Growth in Relation to
Serum Hormonal Patterns in Adolescent Compared With Adult Menstrual
Cycles. Fertil Steril (1987) 47:82-8.

12. Bakos O, Lundkvist O, Wide L, Bergh T. Ultrasonographical and Hormonal
Description of the Normal Ovulatory Menstrual Cycle. Acta Obstet Gynecol
Scand (1994) 73:790-6. doi: 10.3109/00016349409072507

13. Irani M, Robles A, Gunnala V, Reichman D, Rosenwaks Z. Optimal
Parameters for Determining the LH Surge in Natural Cycle Frozen-Thawed
Embryo Transfers. ] Ovarian Res (2017) 10:70. doi: 10.1186/s13048-017-0367-7

14. Dubey AK, Wang HA, Dufty P, Penzias AS. The Correlation Between
Follicular Measurements, Oocyte Morphology, and Fertilization Rates in an
In Vitro Fertilization Program. Fertil Steril (1995) 64:787-90. doi: 10.1016/
S0015-0282(16)57855-8

FUNDING

The data evaluation for this study was in part supported by an
independent medical grant from IBSA Institute Biochmique SA,
Lugano, Switzerland. The funding body did not have any roles in
design or conduct of the study or in the preparation of
the manuscript.

ACKNOWLEDGMENTS

We would like to thank Dr. Elizabeth Kraemer for the linguistic
revision and correction of the manuscript.

15. Abbara A, Vuong LN, Ho VNA, Clarke SA, Jeffers L, Comninos AN, et al.
Follicle Size on Day of Trigger Most Likely to Yield a Mature Oocyte. Front
Endocrinol (Lausanne) (2018) 9:193. doi: 10.3389/fendo.2018.00193

16. Wirleitner B, Okhowat ], Vistejnova L, Kralickova M, Karlikova M,
Vanderzwalmen P, et al. Relationship Between Follicular Volume and
Oocyte Competence, Blastocyst Development and Live-Birth Rate:
Optimal Follicle Size for Oocyte Retrieval. Ultrasound Obstet Gynecol
(2018) 51:118-25. doi: 10.1002/uog.18955

17. Reljic M, Vlaisavljevic V. The Preovulatory Serum Estradiol Pattern in
Natural IVF/ICSI Cycles. J Assist Reprod Genet (1999) 16:535-9. doi:
10.1023/A:1020549221164

18. Stricker R, Eberhart R, Chevailler MC, Quinn FA, Bischof P, Stricker R.
Establishment of Detailed Reference Values for Luteinizing Hormone, Follicle
Stimulating Hormone, Estradiol, and Progesterone During Different Phases of
the Menstrual Cycle on the Abbott ARCHITECT Analyzer. Clin Chem Lab Med
(2006) 44:883-7. doi: 10.1515/CCLM.2006.160

19. Kohl Schwartz AS, Calzaferri I, Roumet M, Limacher A, Fink A, Wueest A,
et al. Follicular Flushing Leads to Higher Oocyte Yield in Monofollicular
IVF: A Randomized Controlled Trial. Hum Reprod (2020) 35:2253-61. doi:
10.1093/humrep/deaal65

20. Renaud RL, Macler J, Dervain I, Ehret MC, Aron C, Plas-Roser S.
Echographic Study of Follicular Maturation and Ovulation During the
Normal Menstrual Cycle. Fertil Steril (1980) 33:272-6. doi: 10.1016/S0015-
0282(16)44592-9

21. Pache TD, Wladimiroff JW, de Jong FH, Hop WC, Fauser BC. Growth
Patterns of Nondominant Ovarian Follicles During the Normal Menstrual
Cycle. Fertil Steril (1990) 54:638-42. doi: 10.1016/S0015-0282(16)53821-7

22. Hackeloer B, Fleming R, Robinson HP, Adam AH, Coutts JR. Correlation
of Ultrasonic and Endocrinologic Assessment of Human Follicular
Development. Am J Obstet Gynecol (1979) 135:122-8. doi: 10.1016/S0002-
9378(79)80029-0

23. DiMattina M, Gordon JD, Botes A, Celia G, Payson M, Graves-Herring J.
Follicular and Estradiol Parameters That Improve Success With Natural Cycle
In Vitro Fertilization. | Reprod Med (2014) 59:267-73.

24. von Wolff M, Eisenhut M, Stute P, Bersinger NA. Gonadotrophin Stimulation
Reduces Follicular Fluid Hormone Concentrations and Disrupts Their
Quantitative Association With Cumulus Cell mRNA. Reprod BioMed
Online (2022) 44:193-9.

25. von Wolff M, Nitzschke M, Stute P, Bitterlich N, Rohner S. Low-Dosage
Clomiphene Reduces Premature Ovulation Rates and Increases Transfer Rates
in Natural-Cycle IVF. Reprod BioMed Online (2014) 29:209-15. doi: 10.1016/
j.rbmo.2014.04.013

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

Frontiers in Endocrinology | www.frontiersin.org

May 2022 | Volume 13 | Article 855131


https://doi.org/10.1002/14651858.CD012692.pub2
https://doi.org/10.1007/s10815-021-02125-0
https://doi.org/10.1016/j.rbmo.2021.03.002
https://doi.org/10.1007/s10815-019-01662-z
https://doi.org/10.1007/s10815-019-01662-z
https://doi.org/10.1016/j.rbmo.2017.04.003
https://doi.org/10.3109/00016349409072507
https://doi.org/10.1186/s13048-017-0367-7
https://doi.org/10.1016/S0015-0282(16)57855-8
https://doi.org/10.1016/S0015-0282(16)57855-8
https://doi.org/10.3389/fendo.2018.00193
https://doi.org/10.1002/uog.18955
https://doi.org/10.1023/A:1020549221164
https://doi.org/10.1515/CCLM.2006.160
https://doi.org/10.1093/humrep/deaa165
https://doi.org/10.1016/S0015-0282(16)44592-9
https://doi.org/10.1016/S0015-0282(16)44592-9
https://doi.org/10.1016/S0015-0282(16)53821-7
https://doi.org/10.1016/S0002-9378(79)80029-0
https://doi.org/10.1016/S0002-9378(79)80029-0
https://doi.org/10.1016/j.rbmo.2014.04.013
https://doi.org/10.1016/j.rbmo.2014.04.013
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Helmer et al.

Timing of Ovulation Triggering in Natural Cycles

this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Helmer, Magaton, Stalder, Stute, Surbek and von Wolff. This is an
open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Endocrinology | www.frontiersin.org

May 2022 | Volume 13 | Article 855131


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Optimal Timing of Ovulation Triggering to Achieve Highest Success Rates in Natural Cycles—An Analysis Based on Follicle Size and Oestradiol Concentration in Natural Cycle IVF
	Introduction
	Methods
	Study Population and Participants
	IVF Treatments
	Statistical Analysis
	Ethics

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


