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Abstract

Purpose To report our experience on homologous intrauterine insemination (IUI) with gonadotropin controlled ovarian stimu-
lation (COS) cycles and to examine different variables which could predict IUI success.

Materials and methods This is a retrospective analysis of IUIs performed between January 1997 and December 2017. A total of
7359 COS IUT’s procedures (2901 couples) were reviewed. Clinical pregnancy, live birth rate and age, body mass index (BMI),
smoking habit, duration of infertility, sperm characteristics before and after treatment (total motile count, morphology, and
vitality), day 3 FSH, total gonadotropin dose, and number of follicles were assessed by multivariate logistic regression analysis,
and data were expressed as odds ratio (OR).

Results The mean female age at the time of COS was 35.10 £3.93 years. The most common single infertility diagnoses were
unexplained infertility (53.55%), mild male factor (19.69%), and anovulation (10.95%). The total progressive motile sperm count
(TPMC) was > 1 x 10%/ml (mean 1.34 + 1.08 x 10%ml). The clinical pregnancy rate was 9.38%, and the live birth rate was 7.19%
per cycle. Twin pregnancies were 12.17%. Cumulative pregnancy was 21.89% and cumulative live birth rate was 17.58% per
couple. Clinical pregnancy and live birth rates were significantly associated with female age [OR 0.97 (95% CI 0.95-0.99) and
0.95 (95% C1 0.93-0.97), respectively] and day 3 FSH [OR 0.91 (95% CI 0.87-0.94) ¢ 0.90 (95% CI 0.87-0.94), respectively].
Conclusions Clinical pregnancy rate and live birth rates after COS-IUIs were significantly influenced by female age and FSH
levels.

Trial registration Clinical trial registration number: NCT03836118
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Infertility affects one in seven couples [1], and it has been
recognized as a public health issue by the World Health
Organization [2]. Intrauterine insemination (IUI) is a noninva-
sive and more affordable infertility treatment that, in selected
cases, can provide a reasonable success rate, up to three or
four attempts. The treatment is safe, easy to perform, and
patients are generally compliant (low dropout rates) since little
monitoring is needed, and the risk for complications such as
ovarian hyperstimulation syndrome (OHSS) is very low [3].
In general, cycles of homologous IUI, with or without con-
trolled ovarian stimulation (COS), are offered as a first-line
treatment to couples with subfertility due to ejaculatory disor-
ders, ovulatory dysfunction, mild/minimal endometriosis,
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mild/moderate male factor, and unexplained infertility [4].
However, given the many variables potentially impacting the
success rate, the role of IUIs as initial step for assisted repro-
duction treatments remains controversial. In 2009, the ESHRE
(European Society of Human Reproduction and Embryology)
noted that in the absence of proper trials and data on live birth
rate [5], IUIs should be considered poor substitute for IVF
(in vitro fertilization) and a cause of high-order multiple
births. The 2013 NICE (National Institute for Health and
Care Excellence) guidelines [6], based on few studies [7-9],
recommended that in cases of unexplained infertility failing
expectant management for up to 2 years, patients should pro-
ceed directly to IVF. Since then, randomized trials have been
published supporting the value of IUI [10, 11]. In a recent
multicenter randomized non-inferiority trial, the effectiveness
of IVF with single embryo transfer or IVF in a modified nat-
ural cycle was compared with TUIs with COS, considering a
single healthy live birth as the main outcome. In that study,
TUI with COS was found to be non-inferior compared with the
two IVF strategies, with a reasonably low multiple birth rate
[12]. Concerning healthcare costs, IUI was the most cost-
effective strategy for cases of mild male factor or unexplained
infertility [13]. A randomized controlled trial by Farquhar
et al. reported that in women with unexplained infertility, three
cycles of TUI with COS were associated to a three-fold im-
proved live birth rate compared with 3 months of expectant
management [10].

Several prognostic factors have been linked to the outcome
of [UIs. These factors are related to the type of ovarian stimu-
lation and to specific patient’s characteristics (female patient
age, type and duration of infertility, number of mature follicles
recruited, endometrial thickness, number of spermatozoa with
progressive motility, sperm morphology, number of sperm used
in insemination, BMI, smoking) [14]. However, the predictive
value of these parameters remains highly contradictory [15].

The aim of the present study was to report the vast experi-
ence of an academic tertiary ART center on homologous IUIs
after exclusive use of gonadotropins for COS and to determine
prognostic factors that could be associated with higher likeli-
hood of pregnancy and live birth.

Materials and methods
Patients and study design

This is a retrospective observational study including all the
IUIs performed between January 1997 and December 2017.
The study received ethical committee approval, and patients
provided written consent for using their anonymized medical
records. All couples had been diagnosed with infertility ac-
cording to the WHO definition (failure to achieve a clinical
pregnancy after 12 months or more of regular unprotected
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sexual intercourse) [16] and had a complete infertility diag-
nostic work-up. The data collected included medical history,
physical examination, transvaginal ultrasound, serum hor-
mone assays between day 2 and 4 of the menstrual cycle,
semen analysis, uterine cavity and tubal patency evaluation
with hysterosalpingography (HSG) or sonohysterogram
(SHQG), and/or hysteroscopy and laparoscopy. Cervico-
vaginal cultures for Chlamydia and Mycoplasma were carried
out and serology tests were used to rule out viral infections
(Hepatitis B, C, VDRL, HIV).

Demographic characteristics and outcomes
description

The characteristics recorded were female and male age (years),
current or previous female smoking (smoking/nonsmoking),
female body mass index (BMI) (kg/m?), infertility duration,
type (primary or secondary) and etiology, number of inter-
courses per week, day 3 serum hormones (follicle-stimulating
hormone (FSH), luteinizing hormone (LH), and estradiol (E2)
levels). The variables of the controlled ovarian stimulation pro-
tocol were the number of dominant follicles, the endometrial
thickness at the time of human chorionic gonadotropin (hCG)
injection, and the total doses of either human menopausal go-
nadotrophin (HMG) or recombinant FSH (rFSH)].

We did not include AMH since it was not offered before
2011.

Sperm quality parameters assessed, before and after prep-
aration, included total motile count (TMC), total progressive
motile count (TPMC), morphology and vitality (evaluated
with E&N test), and the difference (delta) between before
and after preparation for each parameter.

The main clinical outcome measures were clinical pregnan-
cy (PR) and live birth rates (LBR) per cycle and per couple.
Clinical PR was defined as the presence of a gestational sac
and fetal heartbeat on ultrasonography 7-8 weeks after TUI
and LBR was considered as the birth of at least one live born
after 24 weeks of gestation [17].

Minimal criteria for entering the IUI program were at least
one patent fallopian tube and a total progressive motile sperm
concentration (TPMSC) post-preparation of at least 1 x 10°/mL.

Ovarian stimulation

Patients were treated with HMG/tFSH according to standard
protocols and monitoring (75 IU/d starting from day 3 for a
various duration depending on the ovarian response) [17]. An
injection of uHCG 5000 IU/rHCG 250 mg was given to trig-
ger ovulation when the dominant follicle had an average di-
ameter of 18 mm or more. If three or more follicles of at least
15 mm were present, the cycle was canceled, and patients
were instructed to refrain from unprotected sexual intercourse.
Anovulatory and polycystic ovarian syndrome (PCO) patients
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were included in IUI COS cycles after failing clomiphene
citrate for 3—6 cycles. The use of letrozole for ovulation in-
duction is not allowed in our country.

Sperm preparation

On the day of IUL a semen sample was obtained by mastur-
bation after 2—5 days of abstinence and collected in a sterile
cup. TPMSC was determined by multiplying grade A or grade
A + B sperm motility percentages by sperm volume and con-
centration. Sperm capacitation was performed using density
gradient centrifugation or swim-up procedure to remove sem-
inal fluid and enhance sperm quality for UL

Intrauterine insemination

A single TUI was performed 36-h post-HCG. The washed
motile sperm population was concentrated in 0.5 mL and
loaded in a soft catheter for insemination (Wallace®
Intrauterine Insemination catheter, Smiths Medical
International, Australia), and the patient remained supine for
10 min after the procedure. Daily treatment with micronized
progesterone was prescribed for 14 days starting on the same
night of IUI in all patients. Serum B-HCG was determined
14 days later, and clinical pregnancy was confirmed by the
presence of a gestational sac and fetal heartbeat on ultrasonog-
raphy 7-8 weeks after UL

Statistical analysis

Results were expressed as mean + standard deviation or per-
centage. All considered variables were analyzed by
univariable logistic regression, and variables with a p value
less than 0.25 were then submitted to multivariable logistic
regression analysis, to identify factors associated to prognosis.
Results of the logistic regression analysis were expressed as
odds ratio (OR) and 95% confidence interval (CI). The ROC
curve was used to assess the discriminative performance of the
fitted logistic model. An AUC equal to 0.5 indicates no dis-
criminative power whereas an AUC of 1.0 shows a perfect
discrimination.

The time for the first pregnancy was reported with a
Kaplan-Meier graph; couples with no live birth were
considered as censored with the number of performed
IUI cycles as time.

All analyses were made with Statal5 (2013, Stata Corp,
TX, USA). Statistical significance was established at p < 0.05.

Results

During the study period, a total of 7359 cycles were started,
and 6323 TUI procedures were performed in 2901 couples.

The main characteristics of the study population are provided
in supplementary Table 1. The cancelation rate was 14.08%:
1000 cycles were stopped because of either excessive (n=
658) or no ovarian response (n =342). Fifteen [UIs were not
completed because of ejaculation failure on the day of IUI and
21 for couple decision. The clinical PR was 9.38% for cycle,
while the LBR was 7.19%. Twin pregnancies were 12.17%.

Cumulative pregnancy rate was 21.89% for couple, and the
cumulative delivery rate was 17.58%. The median number of
IUI cycles for couple was 2 cycles (range 1-13), and 615 cy-
cles were performed in women who were > 40 years (8.35%).
A total of 236 couples (8.14%) obtained a live birth after their
first IUI cycle. The relation between number of procedures
and PR is shown in Fig. 1.

Table 1 shows univariable and multivariable results for PR
and LBR. Female and male ages were significantly lower in
the pregnant group. Pregnancy rate was not related to sperm
count. There were no significant differences in TPMSC be-
tween pregnant and not pregnant patients, while the percent-
age of normal morphology pretreatment was significantly bet-
ter in the pregnant group. Smoking habit did not have a sig-
nificant impact on IUI outcome. No significant difference was
found according to COS protocols used (hMG or rFSH),
types, and doses of gonadotropins (data not shown). A multi-
variate logistic regression model, including all the potential
factors of IUI success, showed that clinical PR and LBR were
significantly correlated to female age [OR 0.97 (CI 95%
0.95-0.99) and 0.95 (CI 95% 0.93-0.97), respectively]
and to day 3 FSH values [OR 0.91 (CI 95% 0.87-0.94) and
0.90 (CI 95% 0.87—0.94), respectively]. Also, anovulation
resulted to be a positive factor for CPR [OR 1.46 (CI 95%
1.12-1.91)] but not for LBR.

Figure 2 shows a significantly higher LBR for women up to
37 years compared with women 38 years or older. Moreover, a
lower LBR was reported in patient under 30 years old. In our
study, the AUC for the fitted logistic model was found to be
0.52. Table 2 shows a sub-analysis of clinical PR and LBR
according to different group of ages. In the 21-year period
considered, the treated population showed some changes:
the female age gradually decreased (from a mean age of
36.2 in 1997 to 33.4 in 2017); meanwhile the mean TPMC
post treatment improved (from 19 x 10%/ml in 1997 to 28 x
10%ml in 2017). A progressively significant reduction in the
daily dosing of medications for COS protocols was not asso-
ciated with significant changes in PR and LBR.

Discussion

As a first step in ART, IUI treatments keep a central place in
the management of infertile couples for its simplicity and ac-
ceptability [10]. However, the overall success rates per cycle
are rather low if compared with IVF/ICSI, with 10-20%
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Fig. 1 Relation between number
of procedures and pregnancy rate
(Kaplan-Meier’s curve)
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Table 1 Univariable and multivariable results for pregnancy rate and live birth rate
Pregnancy rate Live birth rate
Univariable Multivariable Univariable Multivariable

Parameter OR (95% CI) P OR (95% CI) p OR (95% CI) p OR (95% CI) p
Female age (years) 0.96 (0.95-0.98) 0.001 0.97 (0.95-0.99) 0.031 0.95(0.93-0.97) <0.001 0.95(0.93-0.98) <0.001
Male age (years) 0.98 (0.96-1.00) 0.014 0.96 (0.94-0.98) <0.001
Female BMI (kg/m2) 1.04 (1.02-1.07)  0.002 1.05 (1.02-1.08)  0.002
Male BMI (kg/m2) 0.94 (0.85-1.05) 0.251 0.94 (0.84-1.06) 0.332
Smoking (yes/no) 0.88 (0.71-1.09)  0.231 0.79 (0.62-1.00)  0.054
Infertility duration (months) 1.00 (1.00-1.01) 0.849 1.00 (1.00-1.01)  0.631
FSH d3 (mUI/mL) 0.91 (0.87-0.94) <0.001 0.89 (0.85-0.93) <0.001 0.90 (0.87-0.94) <0.001 0.88 (0.84-0.93) <0.001
Etiology

Anovulation 1.21(0.96-1.53) 0.111 1.46 (1.12-1.91) 0.005 1.15(0.87-1.52)  0.318

Partial tubal factor 1.02 (0.68-1.52) 0.929 1.03 (0.69-1.56)  0.870

Endometriosis 0.66 (039-1.11) 0.114 0.63 (0.34-1.17)  0.145

Mild male factor 1.02 (0.83-1.25) 0.836 0.93 (0.75-1.17)  0.553

Male and Female Factors 1.18 (0.70-1.98) 0.526 1.31(0.77-2.24)  0.325

Unexplained 1.00 (0.85-1.18)  0.970 1.07 (0.90-1.29) 0.437

Multiple female factor 0.92 (0.25-3.37) 0.900 0.59 (0.10-3.40)  0.551

Recurrent miscarriage 2.28 (0.69-7.53) 0.176 3.05(0.92-10.09) 0.067

Reduced ovarian reserve 0.51(0.30-0.87) 0.013 0.45(0.24-0.83)  0.010

TPMC pre (x 10°%) 1.07 (1.00-1.15)  0.039 1.11 (1.03-1.21) 0.009 1.09 (1.01-1.18)  0.023 1.13(1.04-1.23) 0.006

TPMC post (x 10°) 1.02 (0.99-1.05) 0.214 1.03 (0.99-1.05) 0.111

A TMC % 0.99 (0.94-1.04) 0.728 1.01 (0.96-1.06)  0.631

Normal morphology pre % 1.02 (1.01-1.04) 0.008 1.03 (1.01-1.05) <0.001

Normal morphology post % 1.01 (0.99-1.02) 0.363 1.01 (1.00-1.03)  0.186

A normal morphology % (x 100) 0.94 (0.86-1.03) 0.175 0.92 (0.82-1.03)  0.153

E&N test % 1.00 (0.99-1.02) 0.712 1.01 (0.99-1.02)  0.547

TPMC total progressive motile count, E&N eosin and nigrosin staining technique
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Fig.2 Live birth rate according to 12
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clinical PR per cycle across various etiology of infertility [18].
Nevertheless clinical practice provides evidence that it is a
worthy first step for acceptance for new couples who interface
for their first time to ART. Results from our study on gonad-
otropin COS/IUI showed an overall clinical PR per cycle of
9.27% and a multiple pregnancy rate of 14.33%, which are
respectively in agreement with and higher than the late-
ly results reported by the Italian Registry for Assisted
Procreation [19].

In the multivariate logistic analysis, clinical PR and LBR
were found to be significantly correlated with female age and
FSH levels. Several studies have illustrated the decline in
pregnancy with an increasing age in IUI treatment [15, 20,
21], and moderate quality evidence-based data show a sharp
decline in success rate for women older than 40 years, likely
related to a decrease in oocyte quality [22]. In our study, we
observed a significant decrease in PR already in women older
than 38 years, as shown in Table 2. Our data showed that
ovarian reserve (day 3 FSH values) seems to influence the
outcome of [UI’s independent of age. In the literature, few
studies have assessed the impact of ovarian reserve on IUI
outcome. Merviel et al. [23] found no significant difference
in PR according to the basal FSH values (threshold value of
9.4 IU/L). The same conclusion was reported by Mullin et al.
[24]. However, Soria et al. [25] observed that women with
basal FSH levels <9 IU/L had 3.17 times higher chances to
become pregnant after IUIs than women with basal FSH
levels >9 TU/L. Another factor impacting IUI success rate

Table 2 Pregnancy rate and live birth rate sub-analysis according to
different group of ages

Pregnancy rate Live birth rate
Age <35 11.25 9.11
Age 36-38 11.45 8.61
Age 3940 9.03 5.49
Age >40 7.17 4.03

All estimated rates are corrected for TPMC pretreatment and day 3 FSH
and clustered for female ID number

age (years)

has been related to the duration of infertility, noting that the
longer the infertility duration, the lower the likelihood of preg-
nancy [26, 27]. Nuojua-Huttunen et al. [28] reported signifi-
cant differences in pregnancy rates according to whether the
length of infertility was below or above 6 years (14.2% vs.
6.1%). However, in agreement with the findings of Goverde
et al. [29] and Merviel et al. [30], our study did not reveal
differences in PR according to the duration of infertility.
There was also no significant difference across infertility types
for both PR and LBR, as confirmed by several other reports
[15,31]. However, we could not demonstrate higher live birth
rates when the indications for IUI were cervical factor [23] and
anovulation [25, 32].

Despite considering our inclusion criteria of post-
processing TPMC > 1 million, semen parameters also showed
no impact on clinical outcomes. Our results confirm the data
of a meta-analysis of 16 studies [33] in which receiver oper-
ating characteristics (ROC) curves indicated a reasonable pre-
dictive performance of IUI outcome, at cutoff levels between
0.8 and 5 total million motile spermatozoa in the post-wash
sample. At these cutoff levels, the authors reported a specific-
ity of the post-wash TMC, defined as the ability to predict
failure to become pregnant, as high as 100%, but a very lim-
ited sensitivity of the test, defined as the ability to predict
pregnancy. The negative predictive value of a pre-wash
TMC less than 2 million has been recently confirmed by a
retrospective study on 655 IUI cycles [34]. As commented
by Pereira et al., despite its retrospective nature and heteroge-
neous patient population, the study provided pertinent clinical
data about the poor prognostic value of pre-washed TMC in
predicting LBR in IUI cycles [35].

Because there is no agreement on the minimal values of
sperm concentration and motility, it is still difficult to predict
which couples would unequivocally benefit from IUI treat-
ments. A Cochrane systematic review by Bensdorp et al. an-
alyzed IUI (with or without COS) in patients with male infer-
tility [36]. However, studies with different definitions of male
infertility were included, and the authors concluded that there
was insufficient evidence to whether recommend or not IUI in
male infertility, mainly because large high-quality randomized
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trials are lacking. A recent large RCT showed that TUI with
COS is non-inferior to IVF in couples with mild male infer-
tility, defined as a TMC between 3 and 10 million before
sperm processing [12].

The strength of the present work is the huge number of
cycles analyzed, the length of the study period, and the popu-
lation heterogeneity that may bring the applicability of reading
data to general conclusions. However, it presents some limi-
tations, such as the retrospective study design, the partial in-
completeness of data due to the length of the study period, the
selection of only gonadotropin COS, and the limited popula-
tion over 40 years old.

In summary, from the analysis of our large database, female
age and day 3 FSH values were the only variables significant-
ly associated with TUI success in gonadotropin-stimulated cy-
cles. Semen parameters showed no impact on clinical out-
comes, if they were considered suitable for IUI (> 1 million
posttreatment TPMCs).

Due to its affordability and when accompanied by appro-
priate patient selection, IUI remains an effective method
among the available options for infertile couples. Clinicians,
however, must be aware of the limits of this method particu-
larly when female age is over 38 years. We would suggest,
from our own experience, to limit to no more than 3 IUIs
during a 6-month span, before considering further assisted
reproductive options.
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