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Abstract

Background: Although the number of follicles at intrauterine insemination (IUI) is associated with the pregnancy rates and multiple
pregnancy rates. Multiple pregnancy rates are low in older women. Therefore, this study was undertaken to determine the clinical
pregnancy rate of IUI in women 3843 years of age based on the number of stimulated mature follicles. Methods: A retrospective
cohort study was performed including all the first to third stimulated IUI cycles conducted after the age of 38 years in a single academic
fertility center between January 2011 and March 2018. Results: A total of 1574 IUI cycles were included in the study. The patients were
divided according to the number of mature follicles (>14 mm in diameter) at the last ultrasound before the human chorionic gonadotropin
(hCG) trigger. The total pregnancy rate was 9.1% and only 5 multiple pregnancies occurred. The parity (p = 0.049), the number of follicles
10-14 mm (p = 0.002), and the peak endometrial thickness (p = 0.003) were significantly different between the groups. No statistical
difference was observed between the groups regarding pregnancy rates (p = 0.93) and clinical pregnancy rates (p = 0.21). Multivariate
logistic regression controlling for confounding effects comparing clinical pregnancy rates with the standard as 1 follicle 14 mm or greater
as benchmark did not alter the results. Conclusions: In women 38 to 43 years of age undergoing controlled ovarian hyperstimulation
(COH)/IUI, one mature follicle yielded similar pregnancy and clinical pregnancy rates compared to multiple follicles, possibly due to
the aneuploidy rate at this age.
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1. Introduction less, many patients insist on COH/IUI for cost or insurance
coverage.

As women age, rates of aneuploidy increase with ane-
uploidy rates in human blastocysts rising from a 30% base-
line in women younger than 35 years to >90% in women

Controlled ovarian hyperstimulation (COH) with or
without intrauterine insemination (IUI) is often used as
a treatment for unexplained infertility, early-stage en-
dometriosis, and borderline male-factor infertility [1]. i )
COH combined with IUI is an important tool in infertility older than 44 years [11,12]. Therefore, it makes inher-

therapy, increasing the number of available oocytes thusen- €Nt sense to maxirpize stimulation with in vitro fertiliza-
hancing the probability of conception. tion (IVF) to obtain genetically normal embryos in older

women. However, we do not stimulate to the same magni-
tude in women performing IUI. Current recommendations
are to reach <3 mature follicles [13]. It is unknown if this
mild stimulation improves outcomes in older women, due
to the high chance of aneuploidy in such a small cohort of
follicles.

Although COH/IUI is widely used, there is limited ev-
idence to understand the role of the number of mature folli-
cles and suggest the optimal protocol to maximize the like-
lihood of conception and LBR in older women while mini-
mizing the risk of multiple-pregnancy. We aimed this study

Female age is an important predictor of both natural
and treatment-related live birth rates (LBR), which decrease
rapidly after 35 years of age [2]. Predictive factors for ongo-
ing pregnancy with [UI other than woman age <40 years of
age are cervical or anovulatory infertility, high total motile
sperm count (TMS), and stimulation cycles [3]. Hence, if
the pregnancy rate per IUI cycle is between 13% to 20% [4]
and the birth rate per IUI treatment cycle is around 12% in
young women, these rates decrease with increasing age [5].
In one study, cumulative pregnancy rates observed in up to

12 insemination cycles were 74% for women <31 years, - )
62% for women 31-35 years, and 54% for women 35-40 to determine the pregnancy-rate in IUI for women 38.413
years of age based on the number of mature follicles stim-

years [6]. Due to a significant decrease in efficacy and the
ulated.

poor prognosis for pregnancy in infertile elderly women,
several studies have suggested that IUI should not be used
or should be limited in women >40 years [7-10]. Neverthe-
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Table 1. Demographic and IUI outcomes by ovarian stimulation protocol for women aged 38 years and older.

Number of mature follicles >14 ! 2 3 4 > Total p-value

N =86 N =983 N =385 N=94 N=22 N=4

Compared by ANOVA
Female age (years) 398+1.7 398+15 399+16 401415 405+1.7 41.0+24 398415 0.033
Paternal age (years) 409+52 415+57 414+£57 422+68 429+72 418+57 415+£57 0.649
TMS (post processing) 603+71 499459 438+51 472+62 268+29 241+15 484+58 0.224
G 1.1 +1.8 1.1+14 1.1+1.6 14+19 10+12 28+19 1.1+1.6 0.107
P 02406 03+0.6 04408 03+06 05+01 03+05 03406 0.049
Basal FSH (IU) 95+5.0 84 +4.6 88+59 91+£51 78435 92+38 86+50  0.265
Basal E2 (pmol/L) 178 £ 153 198+ 156 189+ 113 165+76 237+176 174+138 193+ 144 0.202
AFC 155+ 114 140+105 133+9.1 123+86 103+73 1484185 13.7+10.1 0.169
Prolactin (ng/mL) 121+12.6 104+55 10.6+100 108+ 143 12.7+8.1 83+23 10.6 +8.0  0.393
TSH (mU/L) 1.9+1.0 1.7+12 1.8+ 1.1 1.8+ 1.1 1.6+09 1.6+0.7 1.8+ 1.1 0.910
Number of follicles 10-14 1.6+ 1.1 1.1+13 1.1+£13 1.0+14 17+£18 20+£1.8 1.1+14  0.002
Endometrial thickness 7.6+22 8.6+3.0 89 +8.6 86+25 86+14 108+£20 8.6+28 0.003
Pregnancy rate 8(9.3%) 87 (8.9%) 35(9.1%) 12(12.8%) 2(9.1%) 0 144/1574  0.933
Compared by multivariate logistic regression

Clinical pregnancy rate 8(9.3%) 67 (6.8%) 28 (7.3%) 6 (6.4%) 2 (9.1%) 0 103/1574 0.208
Multiple-pregnancy 0 1 2 2 0 0 5/1574
95% CI 0.33-37.6 N/A 0.53-6.5 0.43-13.9  0.16-3.2 N/A
OR 3.5 N/A 1.8 2.5 0.72 N/A
p value 0.298 N/A 0.339 0.309 0.667 0.996

Data presented as mean + SD or as percentage.

Clinical pregnancy rates; CI, OR and p value when controlling for the confounding effects (Female age, TMS, AFC and endometrial thickness)

compared to 1 follicle as benchmark.

Multivariate logistic regression could not be performed for the group with 5 mature follicles since no pregnancies occulted in this group and

numbers were small.

ANOVA, Analysis of Variance; TMS, total motile sperm count; G, gravidity; P, parity; E2, estradiol; FSH, follicle stimulating hormone; IUI,
intra uterine insemination; [U, international units; AFC, antral follicle count; TSH, thyroid stimulating hormone; CI, confidence interval; OR,

odds ratio; N/A, not available; N, number; SD, standard deviation.

2. Material and Methods

We performed a retrospective cohort study of women
38-43 years of age at the time of IUI in a single academic
fertility center between January 2011 and March 2018. In-
stitutional review board approval was obtained (Approval
number 2019-5254).

In our location, between 2011-2015, IVF was govern-
ment funded. However, there were often waiting lists for
IVF, so patients elected to perform COH/IUI which were
more available, while in anticipation for IVF. In 2015 gov-
ernment coverage for IVF ceased but was continued for [UI
(up to 9 cycles). Therefore, patients requested IUI despite
the indication for care, due to the lack of cost of this treat-
ment. It was felt that this would provide a rather unbiased
population to study.

The primary outcome the was clinical pregnancy
rate per IUI cycle. Secondary outcomes were pregnancy
rates and multiple-pregnancy rates. Pregnancy was de-
fined as a serum [S-human chorionic gonadotropin (3-
hCG) >10 mIU/mL. Clinical pregnancy was defined as
an intrauterine-gestational sac with fetal pole and heartbeat

seen on transvaginal ultrasound.

Inclusion and exclusion criteria: all first to third
COH/IUI cycles for women ages 38-43 years were ana-
lyzed. Natural (unstimulated) cycles were excluded from
the study.

All subjects had at least one patent fallopian tube.
None of the women were known to have stage 3/4 en-
dometriosis, submucosal fibroids, or polyps in situ.

Doses used were Clomiphene citrate 50 or 100 mg
(Sanofi Canada, Laval, QC, Canada or EMD Serono,
Montreal, QC, Canada), Letrozole 5 mg (Novartis, East
Hanover, NJ, USA), and Gonadotrophins (GTs) as in-
jectable recombinant follicle stimulating hormone (FSH)
(Gonal-F; EMD Serono, Montreal, QC, Canada or Puregon,
Organon/Merck Canada, Kirkland, QC, Canada), or hu-
man menopausal gonadotropin (hMG) (Menopur, Ferring
Canada, Longueuil, QC, Canada) 50-300 IU daily, based
on ovarian reserve. Patients using Clomiphene citrate or
Letrozole ingested their medication on days 2—6 of the cy-
cle and had an ultrasound at day 10 to monitor follicular
growth. Patients in care would have a baseline ultrasound
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on cycle day 2-3. If ultrasound revealed endometrial thick-
ness <5 mm and no ovarian cysts, the patient would begin
COH and return for ultrasound monitoring per protocol.

When the leading follicle was >17 mm in diam-
eter, the patient would receive hCG (Ovidrel 250MCG,
SQ, Merck Serono, Canada, Montreal, QC, Canada) and
IUI would be scheduled 36-hours later. Luteal support
with vaginal progesterone (Prometrium®, Organon/Merck
Canada, Kirkland, QC, Canada) 200 mg daily was started
the day after insemination for all GTs-stimulated cycles.

For the sake of this study, mature follicles were de-
fined >14 mm in mean diameter measured in 3 perpendic-
ular planes, on transvaginal ultrasound.

Both partner sperm and commercially available
donor-sperm insemination cycles were included in the
study. When partner sperm was used, the partner was in-
structed to abstain from ejaculation for 48-hours before IUI.
Samples were produced on-site and processed within 30
minutes of production. A basic wash and a density gradient
centrifugation were performed on all semen samples. The
concentrated pellet was reconstituted to a volume of 0.5 mL
with tubal media (Ferticult, Beemm, Belgium). All sam-
ples were inseminated into the uterus using a Cook catheter
(Cook Corporation, Bloomington, IN, USA).

A serum [-hCG pregnancy test was performed 16
days after IUI. If positive (5-hCG >10 mmol/L), a viabil-
ity ultrasound was scheduled two weeks after the positive
pregnancy test. If the initial day-16 serum 5-hCG level was
<100 IU/L, the serum test was repeated at 2-day intervals
until evidence of the pregnancy outcome and location was
determined.

Statistical analysis was performed with SPSS 23.0
(IBM Corp, Chicago, IL, USA). All data are presented
as percentages or mean =+ standard deviation (SD). Con-
tinuous data were compared with analysis of variance
(ANOVA). Categorical data were compared using Chi-
squared tests. Multivariate logistic regression controlling
for confounding effects (Female age, TMS, antral follicle
count (AFC) and endometrial thickness) of all baseline fac-
tors with p < 0.20 was done to compare the clinical preg-
nancy rate with the standard as one follicle of 14 mm or
greater as a benchmark. Power analysis requires 785 cycles
for an effect size of 0.1, alpha = 0.05, and power = 0.80. To
put this effect size in perspective, this would be a change
of 10% in outcomes or a clinical pregnancy rate of 11% vs.
10%.

3. Results

A total of 1574 TUI cycles were included in the study.
All subjects were stimulated with either Clomiphene Cit-
rate (n = 240), Letrozole (n = 176) or GTs (n = 1158). We
divided the patients according to the number of mature fol-
licles (>14 mm) in diameter at the last ultrasound before
IUI; 86 patients had 0 mature follicles, 983 had 1 mature
follicle, 385 had 2 mature follicles, 94 had 3 mature folli-
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cles, 22 had 4 mature follicles and 4 women had 5 mature
follicles. The 0 mature follicle group was triggered prior to
14 mm follicles developing due to the fact that they or their
partners were unavailable to return for further care that cy-
cle. Only 5 multiple-pregnancies in total occurred with no
significant difference between the groups (p = 0.208).

Table 1 presents the demographics and IUI outcomes
by the number of mature follicles. The parity (P) (p =
0.049), the number of follicles 10—14 mm in diameter (p =
0.002) and the endometrial thickness (p = 0.003) were sig-
nificantly different between the groups. There was no sig-
nificant difference between the groups in terms of male age,
TMS post processing, gravidity (G), AFC, basal estradiol,
prolactin and thyroid stimulating hormon (TSH) levels. No
statistical difference was observed between the groups re-
garding pregnancy rates and clinical pregnancy rates. Fig. 1
presents the clinical pregnancy rate as a function of the
number of mature follicles. Multivariate stepwise-logistic
regression controlling for confounders (Female age, TMS,
AFC and endometrial thickness) comparing clinical preg-
nancy rates with the standard as 1 follicle 14 mm or greater
as the benchmark is also presented in Table 1. After control-
ling for confounders effects, no statistical difference was
observed in the clinical pregnancy rate for all the groups
with one mature follicle stimulated being the gold standard
selected: 0 follicles (adjusted odds ratio (OR) = 3.5, 95%
confidence interval (CI) 0.33-37.6, p = 0.298); 2 follicles
(adjusted OR = 1.8, 95% CI 0.53-6.5, p = 0.339); 3 folli-
cles (adjusted OR = 2.5, 95% CI 0.43-13.9, p = 0.309); 4
follicles (adjusted OR =0.72, 95% C1 0.16-3.2, p = 0.667);
5 follicles (adjusted OR = N/A, 95% CI N/A, p = 0.996).

10%
9%
8%
7%
6%
5%
4%

3%

Clinical Pregnancy Rate

2%
1%

0%
0 1 2 3 4

Number of Mature Follicles >14mm

Fig. 1. Clinical pregnancy rate as a function of the number of
mature follicles in women at least 38 years of age.

One might postulate that the group contains a wide
range of ages, hence we also investigated the group of
women ages 38-39 separately. Multivariate logistic regres-
sion controlling for the confounding effects comparing clin-
ical pregnancy rate with the standard as one follicle >14
mm as the benchmark is presented in Table 2. After control-
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Table 2. Clinical pregnancy rate; CI, OR and p value when controlling for the confounding effects (Female age, partner age,

TMS, baseline FSH, AFC, and endometrial thickness) compared to 1 follicle as a benchmark for women aged 38-39 years.

Number of mature follicles >14 : z u 4 >
N=39 N =476 N=183 N=35 N=7 N=1

Clinical pregnancy rate

95% CI N/A N/A 0.43-1.34  0.58-18.13 N/A N/A

OR 0.001 N/A 0.241 1.023 N/A N/A

p value 1.000 N/A 0.105 0.988 N/A N/A

Pregnancy rate

95% CI 0.53-31.9 N/A 0.517-1.79  0.279-3.43  0.048-4.9 N/A

OR 4.125 N/A 0.963 0.760 0.480 N/A

p value 0.175 N/A 0.906 0.970 0.536 N/A

TMS, total motile sperm count; FSH, follicle stimulating hormone; AFC, antral follicle count; CI, confidence

interval; OR, odds ratio; N/A, not available; N, number.

ling for confounding effects, no statistical difference was
observed in the clinical pregnancy rates for all the groups.

All baseline demographics with p < 0.20 were con-
trolled for in the stepwise multivariate logistic regression.
All other demographics had p > 0.20 with ANOVA in this
age group. All demographics presented in Table 1 for the
entire group, were compared in this group as well.

4. Discussion

The main finding of this study is that there were no
association between the number of mature follicles and the
pregnancy and clinical pregnancy rates in women aged 38—
43 undergoing

COH/IUL. One mature follicle yielded similar preg-
nancy and clinical pregnancy rates compared to multiple
follicles. These results remained unchanged when control-
ling for confounding effects. Interestingly, in subjects re-
quiring triggering prior to development of any mature folli-
cles, pregnancy rates remained robust (9%). Overall preg-
nancy rates in this older group were acceptable at 7% per-
IUI cycle.

Multiple follicular growth is thought to increase the
chances of pregnancy while increasing the risk of multiple-
pregnancies, which in turn increases maternal risks, preterm
delivery and perinatal morbidity and mortality [14]. How-
ever, this data primarily is derived from younger pa-
tients. Today, the risks of multiple-pregnancies are well
known and therefore, clinics attempt to maintain multiple-
pregnancies to a minimum. Therefore, a balance between
the acceptable pregnancy rate and strict limitations of the
number of mature follicles is practiced. In order to pre-
vent high rates of multiple-gestations with IUI, Cohlen
B. et al. [13] have suggested in a review and system-
atic assessment of the evidence that IUI should be with-
held when more than two dominant follicles >15 mm or
more than five follicles >10 mm at the time of hCG in-
jection or luteinizing hormone (LH) surge are present. A
meta-analysis and systematic-review of the literature in-

cluding 14 studies (11,599 IUI cycles, mean female age 31—
34 years), evaluated the relation between the number of fol-
licles, pregnancy rates and multiple-pregnancy rates. They
found that when multifollicular growth was achieved as
compared with monofollicular growth, pregnancy rates per
cycle increased from 8.4% to 15% and multiple-pregnancy
rates per conceived cycle increased from 3.7% to 17% [4].
However, these two studies [4,13] were performed in a
young population with higher risks of multiple-pregnancy
than older women. Obviously, the included studies demon-
strated heterogeneity in various fields including inclusion
criteria for couples involved, use of COH medication, fol-
licle size cut-off values, etc. Their conclusion was that one
stimulated follicle should be the goal if safety is the pri-
mary concern, whereas two follicles may be accepted after
careful counseling of the patient [4]. A recent retrospective-
cohort study examined the rates of clinical pregnancy and
multiple-gestation in IUI cycles stratified by patient age
and mature follicle number, and found that in women >40
years, up to four follicles tripled the odds of pregnancy (OR
3.1, 95% CI 2.1-4.5) while maintaining a less than 12%
risk of multiple-gestation per-pregnancy and a 1.0% abso-
lute risk of multiples [15]. These results differed from ours
which may be due to the larger number of women in their
study with 4 follicles as compared to ours. It is possible that
this inclusion of a larger sample of women with high-order
mature folliculogenesis, above the current American Soci-
ety for Reproductive Medicine (ASRM) recommendations,
may have altered the results of their study, as compared to
ours. Contrary to these findings and similar to ours, a retro-
spective study included 180 patients undergoing COH/IUI,
found that the clinical pregnancy rate does not seem to be
affected by the number of follicles present at the time of
IUI or on the day of hCG administration in a COH cycle.
Nevertheless, the mean age in their study was 30.9 £+ 4.2
and 31.4 £ 4.6 years for patients that conceived and those
who didn’t, respectively [16] much younger than the pa-
tients evaluated in our study. The explanation of our find-
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ing may be related to the fact that advancing female age is
one of the most important factors influencing fertility po-
tential and multiple-pregnancy rates. From the age of 35
years onwards, oocyte quality decreases in parallel to the
progressive loss of follicle numbers, becoming severely im-
paired after age 37-38 years [17]. Advancing female age
not only affects natural conception but also the results of
COH [2,18], likely limiting the benefit of multiple follicular
stimulations in the range obtained with IUI. It should also
be noted that multiple-pregnancy rates were extremely low
in this age group. Both the pregnancy outcomes being simi-
lar irrespective of the number of stimulated follicles and the
multiple pregnancy rates being very low are likely related
to the high aneuploidy rate seen in the age group studied.

Although we had 86 patients with no follicles >14
mm, it is not surprising that 9.3% of them conceived. Tur R.
et al. [19] investigated the risk factors for high-order mul-
tiple implantations after COH. Multivariate and receiver-
operating characteristic analysis of a large series of 1878
consecutive pregnancies obtained in stimulated cycles re-
veals that besides woman’s age and serum-estradiol level,
the number of follicles >10 mm on the day of HCG injec-
tion was also associated with high-order multiple implanta-
tions. The number of follicles 10—14 mm was significantly
different between the low-order pregnancies and high-order
pregnancies (p < 0.01) [19]. This study confirms that al-
though follicles may appear immature at the time of hCG
trigger, they can ovulate and generate a pregnancy. Our
data should be reassuring to older patients who need to trig-
ger early (prior to 14 mm follicular diameter) since this
seems not to affect their clinical pregnancy rates.

The strength of our study design is a relatively large
number of IUI cycles, done in almost all patients seen at
the center prior to undergoing IVF, due to the funding cli-
mate and waiting times at the time of funding. It gives us a
unique possibility to analyze and compare different groups
of women 3843 years old with good statistical power. The
limitation of this study is that it is a retrospective study,
which could be masking possible undetected bias. The in-
ability to track LBR is another limitation; IUI patients are
not followed after clinical pregnancy for outcomes at our
center. In lieu of this data, we used clinical pregnancy with
a fetal heartbeat as our main outcome. Few subjects in our
study had 4 or 5 mature follicles at the time of hCG and re-
sults of resultant comparisons should be taken with caution
and confirmed in other studies. The role of vitamin D levels
on the outcomes was not assessed and may have contributed
to the results seen [20].

5. Conclusions

In women 3843 years of age undergoing COH/IUI,
the clinical pregnancy rate is not affected by the number of
mature follicles in the range of 0 to 3 which were stimulated.
One mature follicle yielded similar pregnancy and clinical
pregnancy rates compared to three follicles and zero mature
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follicles when follicles were stimulated between 10-13.9
mm in average diameter.
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