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1 | INTRODUCTION

Abstract

Purpose: To examine the association between semen characteristics and outcomes of
intrauterine insemination (1UI).

Methods: This retrospective analysis examined 1380 Ul procedures involving 421
couples. The association of clinical pregnancy with pre- and post-wash sperm charac-
teristics was assessed.

Results: Pre- and post-wash sperm characteristics did not differ between Ul cy-
cles that resulted in pregnancy and those that did not. When the motility of pre-
wash sperm was below the normal range (<42%) established by the World Health
Organization (WHO), the pregnancy rate was significantly lower. In the IUIl cycles
when post-wash sperm motility was below the WHO standard, pregnancy was not
achieved. The frequency of improvement in post-wash sperm motility in repeated Ul
cycles appeared to correlate with the success of future IUI cycles. At the fourth Ul
cycle, pregnancy was not achieved unless the post-wash sperm motility was normal in
at least two of three attempts. When post-wash sperm concentration was below the
normal range, the woman's age did not affect the Ul outcomes.

Conclusions: Sperm motility above the lower limit of the WHO criteria in post-wash

semen samples is an important factor in Ul outcomes.
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is noninvasive, easy to perform, and more affordable than other treat-

Infertility affects millions of people of reproductive age worldwide
and is considered a public health issue by World Health Organization.1
Among the various infertility treatments, intrauterine insemination (IUl)
is widely recommended as the first-line treatment for couples with sub-
fertility when the woman has at least one normal patent fallopian tube

and the man has normal or only mildly abnormal sperm parameters. Ul

ments for infertility.>® Patients are generally compliant because little
monitoring is necessary, and the risk for complications such as ovarian
hyperstimulation syndrome is low.* However, U procedures result in
relatively low rates of pregnancy and live birth, and the cumulative preg-
nancy rate is reported to reach a plateau at 5 or 6 treatment cycles.>®
Several prognostic factors have been linked to 1Ul outcomes, including

the type of ovarian stimulation, age of the female patient, duration of
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infertility, endometrial thickness, number of developing follicles, param-
eters of the sperm used in insemination, body mass index, and smoking.”
However, the predictive values of these parameters remain controver-
sial.’ A recent study by Huang et al. compared factors influencing the
outcomes of IUl between the pregnant group and the non-pregnant
group in order to elucidate any correlations and reported statistically
significant differences in female anti-mullerian hormone, endometrial
thickness, and duration of ovarian stimulation.'*

Although IUI treatment with or without ovarian stimulation is of-
fered as a step-up treatment to couples with subfertility, given the
many variables potentially impacting the success rate, the role of Ul
as an initial step for assisted reproductive technology (ART) remains
controversial. In addition, IUl is considered a poor substitute for in vitro
fertilization-embryo transfer (IVF-ET), and the 2013 National Institute
for Health and Care Excellence guidelines recommend that infertility
patients with failed expectant management for up to 2years should
proceed directly to IVF.}? In addition, a previous multicenter random-
ized study reported that IUl with ovarian stimulation is non-inferior
compared with IVF and has a low multiple birth rate.!®

Concerning the costs of infertility treatment, 1Ul is reported to
be the most cost-effective strategy and improves the live birth rate
compared with expectant management for cases of mild male-factor
and unexplained infertility.2%'* Therefore, 1Ul should be applied in
appropriate cases of infertility prior to IVF treatment; however, it re-
mains unclear how many IUI cycles should be attempted or in which
cases multiple IUl attempts should be avoided and instead switched
to a different strategy. In this study, we focused on the sperm pa-
rameters of successful cases of IUl treatment, including the pre- and
post-wash sperm findings when pregnancy was achieved by IUl;
the change in post-wash semen findings in cases where pregnancy
was achieved; the relationship between the frequency of improve-
ment in sperm findings after washing and the future Ul outcome;
the semen findings in previous unsuccessful 1Ul cycles for pregnant
cases; and the effect of aging on changes in sperm findings. In this
study, we evaluated the pre- and post-wash semen parameters at
the time of Ul and investigated the association of these parameters
with the success of IUI.

2 | MATERIALS AND METHODS

2.1 | Patients and study design

This is a retrospective observation study of all Ul procedures per-
formed between January 2019 and December 2021 at Shimane
University Hospital. Infertility was diagnosed in all couples in whom
pregnancy was not achieved with 12 months or more of regular un-
protected sexual intercourse. The main clinical outcome measure
was clinical pregnancy rate per Ul cycle. The mean age of female pa-
tients was 35.8+5.5years (range, 21-51years) and that of the male
partners was 36.5+6.2years (range, 21-56years). All insemination
procedures performed for women over the age of 43years at the
time of insemination were included in the analysis, while canceled

cycles were excluded. Follicular monitoring was performed in female
patients until ovulation. Tubal patency was evaluated in all female
patients, and those who had at least one unobstructed fallopian tube
were included in the study. Sperm quality parameters were assessed
before insemination, and cases with normal semen parameters or
mild oligospermia were included in the study. This study was ap-

proved by the ethics committee of Shimane University Hospital.

2.2 | Sperm preparation

On the day of the IUIl procedure, semen samples were collected by
masturbation into a sterile cup. Abstinence was not required prior to
the commencement of 1Ul. After the semen was liquefied at room
temperature, a basic wash and density-gradient centrifugation were
performed. The concentrated pellet was reconstituted to a volume
of 0.3mL with tubal media. Total volume, concentration, total num-
ber of sperm, motility rate, and total number of motile sperm in the
pre- and post-processing semen samples were determined prior to
commencement of the Ul procedure. The total motile sperm count
was obtained by multiplying the total sperm count by the percent-
age of motility. Sperm morphology was rated according to the World
Health Organization (WHO) criteria.! 1UI cycles with donor sperm
were excluded from the present study.

2.3 | Intrauterine insemination

We included cases of IUl completed in unstimulated natural cycles,
those with oral administration of 50-150 mg/day clomiphene citrate
(Clomid tablets; Fuji Pharma Co., Ltd., Tokyo, Japan), and/or those
with gonadotropin-stimulated cycles. If the leading follicles were
greater than 18 mm in diameter, the Ul procedures were planned
and performed according to the couple's schedule. Muscular injec-
tion of 50001U human menopausal gonadotropin (Fuji Pharma Co.,
Ltd., Tokyo, Japan) or subcutaneous injection of choriogonadotropin
alfa (Ovidrel Syringe; Merck Biopharma Co., Ltd., Tokyo, Japan) was
administered 24 h prior to or on the day of the IUl procedure. The
washed motile sperm (0.3 mL) were loaded into a soft catheter (Cook
Medical Japan G.K., Tokyo, Japan) for insemination. Daily treatment
with progesterone was not administered to the patients after the |UI
procedure, but additional subcutaneous injection of 30001U human
menopausal gonadotropin was given once at the discretion of doc-
tor for some cases who were able to come to the hospital. Clinical
pregnancy was confirmed by the presence of a gestational sac on

ultrasonography 4-5weeks after IUI.

2.4 | Statistical analysis

Results are expressed as the mean+standard deviation or percent-
age. Categorical data were compared using the Mann-Whitney
U test, the Wilcoxon signed-rank test, or the chi-squared test
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according to the variables. Statistical significance was set at p <0.05.
Correlations between two metric variables were determined by
Pearson's correlation coefficient. All analyses were performed using
IBM SPSS statistics 26 (IBM Japan, Tokyo, Japan).

3 | RESULTS
3.1 | Background of pregnant and non-pregnant
couples

During the study period, 421 couples underwent a total of 1380 Ul
cycles, using the partner's sperm. The mean age of female patients
was 35.8+5.5years (range, 21-51years) and that of the male part-
ners was 36.5+6.2years (range, 21-56years). Among the 1380 IUI
procedures, clinical pregnancy was achieved in 87 Ul cycles of 81
women, giving pregnancy rates of 19.2% per patient and 6.3% per
Ul cycle (Table 1). Among all IUl cycles, 2.4% of the couples achieved
clinical pregnancy in the first cycle, and the cumulative pregnancy
rate increased gradually with the number of IUI cycles (Figure 1A).
Of the couples that achieved pregnancy, 30.0% did so during the
first IUl cycle, the distribution of which is shown in Figure 1B. The
mean age of women at the time of the Ul procedure resulting in
pregnancy was 33.6+4.3years (range, 22-41years), which was
significantly lower compared with those who did not achieve preg-
nancy during their 1UI cycles (36.0+5.6years). Similarly, the mean
age of the male partner was significantly lower in couples who
achieved pregnancy compared with those who did not (34.6 + 5.5 vs.
36.6+6.3years) (Table 1).

3.2 | Pre-wash and post-wash semen findings in
pregnant and non-pregnant couples

Pre- and post-wash semen findings were compared between Ul cy-
cles in which pregnancy was achieved and those in which it was not
(Table 2). Pre-wash sperm volume, concentration, total number of
sperm, motility rate, and total number of motile sperm did not sig-

nificantly differ between IUl cycles that resulted in pregnancy and

TABLE 1 Participant characteristics.

Number of couples
Number of Ul cycles

Woman's age (years)
(mean+SD)

Range

Partner's age (years)
(mean+SD)

Range
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those that did not. Similarly, the post-wash sperm parameters did not
significantly differ between Ul cycles that resulted in pregnancy and
those that did not. To determine the relation between pre- and post-
wash sperm parameters and the outcome of 1Ul, the concentration
and motility rate of semen samples used in the IUl procedures and the
IUl outcomes were plotted, and the cycles in which pregnancy was
achieved were visualized (Figure 2). When focusing on the pre-wash
semen samples and IUl outcomes, the majority of pregnancies were
achieved when semen motility was above 42% and semen concen-
tration was above 16 x10%/ml, both of which were above the lower
limits of the WHO standards. However, in some cases pregnancy was
achieved upon Ul despite pre-wash sperm motility, concentration, or
both being below the WHO standards (Figure 2A). Among the cases
that achieved pregnancy, the lowest pre-wash sperm concentration
was 6.9 x 10 and the worst motility rate was 7.1%. In Table 3, the cou-
ples were divided into two groups according to whether the original
semen findings were within or outside the normal ranges of the WHO
standards in terms of volume, concentration, motility, or both con-
centration and motility. The pregnancy rates for each IUl procedure
were determined and compared between the two groups. There was
no significant difference in pregnancy rate between the groups when
the original semen volume was either over 1.4cc or less than 1.4cc,
the latter of which is the lower limit of the WHO standard (6.2% vs.
6.3%). There was also no significant difference even when the original
semen concentration was over the lower limit of the WHO stand-
ard (16 x 10%/ml) or less than the limit (6.3% vs. 5.4%). When 1Ul was
performed using semen with a pre-wash sperm motility rate of less
than 42%, the pregnancy rate was 3.7%, but when IUl was performed
using semen with a normal motility of >42%, the pregnancy rate
was significantly higher at 6.9%. However, there was no significant
difference in pregnancy rates between the two groups when both
the concentration and motility rate were either above or below the
WHO standards (6.9% vs. 3.4%) (Table 3). When IUl outcomes were
examined according to their post-wash semen findings, the majority
of pregnant cases used semen samples with normal findings in the
IUl procedure, although there were some exceptions (Figure 2B). The
pregnancy rate was significantly lower when the post-wash sperm
concentration was below 16x10%/mL compared with when it was
above 16 x10%/mL (6.8% vs. 3.2%, p=0.042). The lowest post-wash

Pregnant Non-pregnant
Total cases cases p?
421 81 (19.2%) 353(83.8%)
1380 87 (6.3%) 1293 (93.7%)
35.8+5.5 33.6+4.4 36.0+£5.6 0.000
21-51 22-41 21-51
36.5+6.2 34.6+5.5 36.6+6.3 0.005
21-56 22-48 21-56

Abbreviation: SD, standard deviation.

Mann-Whitney U test.
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TABLE 2 Pre- and post-wash semen findings in couples who did and did not achieve pregnancy.

Pre-washing semen

Post-washing semen

Pregnant Non-pregnant p Pregnant Non-pregnant p?

Volume Mean+SD (mL) 29+1.7 2.6+1.6 0.179 0.3 0.3
Range (0.5-8.7) (0.2-29)

Concentration Mean+SD (x10%/mL) 88.0+56.5 96.1+77.9 0.949 112.5+91.7 108.6+103.2 0.313
Range (6.9-250) (1.5-720) (0.8-360) (0.0-720)

Total sperm count Mean+SD (><106) 245.7+217.0 250.2+261.5 0.541 33.7+275 32.5+30.9 0.313
Range (13.2-1104) (0.6-2520) (0.2-108) (0.0-216)

Motility rate Mean +SD (%) 59.7+18.5 57.8+20.5 0.576 88.8+13.2 86.0+17.9 0.267
Range (7.1-97.8) (0.0-100) (47.6-100) (0.0-100)

Total motile sperm Mean +SD (x10°) 156.4+160.4 153.8+176.7 0.392 30.3+25.5 29.2+29.0 0.250

count Range (2-966) (0.0-1551.8) (0.2-99) (0.0-200.9)

Abnormal rate Mean +SD (%) 80.0+16.3 80.6+18.0 0.376 63.9+23.8 64.4+25.5 0.635

Range (25-100) (22.4-100) (7.5-96.2) (0.0-100)

Abbreviation: SD, standard deviation.
Mann-Whitney U test.

concentration in a case resulting in pregnancy was 0.8x10%/mL.
There were no cases of pregnancy when post-wash sperm motility
was below 42%. The worst post-wash sperm motility in a case result-
ing in pregnancy was 47.6%. Similarly, there were no cases of preg-
nancy when both concentration and motility were below the WHO

standards in post-wash semen samples (Figure 2B and Table 3).

3.3 | Changesin the semen findings and
outcome of 1UI

Next, the changes in the sperm findings in the post-wash semen
samples and the IUl outcomes were investigated. The changes in
sperm parameters between pre- and post-wash sperm samples
were plotted, and the cycles in which pregnancy was achieved were
visualized. Figure 3A shows the changes in sperm concentration for
the pre- and post-wash samples. The extent to which sperm concen-
tration improved varied according to the sample. When the original
semen concentration was below the WHO standard (16 x 10¢/mL)

and could not be improved to above the normal range by washing,
pregnancy was still achieved in some cases. Similarly, even when the
sperm concentration in the original semen sample was above the
WHO standard and it worsened by washing, pregnancy could still be
achieved. However, in the majority of cases, pregnancy was achieved
when the pre-wash sperm concentration was normal or when the
post-wash concentration had improved to normal (Figure 3A).
Changes in post-wash sperm motility also varied among cases. In
some cases, washing did not improve sperm motility that was below
the WHO standard. Also, sperm motility that was above the WHO
standard was exacerbated by washing in same cases. However, in all
cases where pregnancy was achieved, the post-wash sperm motility
was above the WHO normal range of 42% (Figure 3B).

3.4 | Previous sperm findings and outcome of Ul

Todetermine whether the frequency of improvementin spermfindings
after washing was related to |Ul outcomes, the rate of improvement
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FIGURE 2 Sperm concentration and motility in pre- and post-wash semen samples and the outcome of IUl. Pre-wash (A) and post-wash
(B) sperm concentration (x-axis) and motility (y-axis) are plotted for each Ul cycle. Ul cycles that did not result in pregnancy are indicated
by small dots, and those that resulted in pregnancy were indicated by black diamonds. The lower limits of the WHO standards for sperm
concentration and motility are indicated by dashed lines. The lowest sperm concentration and motility rate that resulted in pregnancy in this

study were also indicated by dashed lines.

in sperm parameters after washing and cases of pregnancy were ex-
amined among couples who underwent Ul three or four times. Sperm
improvement was defined according to whether the parameters of
the pre-wash sperm improved after washing, regardless of whether it
reached the WHO standards or not. As shown in Table 4, a total of 80
couples underwent [Ul three times. Among them, the partner's sperm
motility improved each time in 21 cases (26.2%), whereas in 15 cases
(18.8%), post-wash sperm concentration did not improve all three
times. Sperm motility rate was more frequently improved after wash-
ing. Among the 80 cases who tried IUl a third time, the sperm motility
rate improved all three times after washing in 65 cases (81.2%) and
two of three times in 13 cases (16.3%); there were no cases in which
the sperm motility rate improved after washing. There were no preg-
nancies in cases in which sperm concentration did not improve after
all three washes, but there did not seem to be any relation between
the frequency of improvement in sperm concentration and the preg-
nancy rate. However, the pregnancy rate was higher in cases in which
sperm motility improved all three times compared with cases in which
sperm motility improved two out of three times (13.7% vs. 2.5%).
Similarly, among the cases that tried IUl four times, the frequency of
improvement in post-wash sperm motility, but not concentration, ap-
peared to be correlated with the success of Ul (Table 4).

To determine whether sperm findings in two or more previ-
ous unsuccessful Ul cycles could predict future IUl outcomes, we
examined the previous post-wash semen findings in 13 women
who became pregnant on their third IUl attempt as well as those
of 14 women who became pregnant on their fourth Ul attempt
(Table 5). In 11 of the 13 women who became pregnant on their

third attempt, the post-wash sperm concentration was normal
(>16x10%) in both of the previous two unsuccessful cycles. In the
other 2 women, the sperm concentration improved to normal in
one of the two unsuccessful attempts. There were no cases of
pregnancy in which the sperm concentration did not normalize
after washing. In the 13 women who achieved pregnancy on their
third Ul attempt, the post-wash sperm motility was above 42%
in both of the previous two unsuccessful cycles. In the 14 women
who became pregnant on their fourth Ul attempt, 6 (42.9%) had
used semen with a sperm concentration above the WHO standard
in their previous three unsuccessful cycles. In 4 and 3 pregnant
women who became pregnant on their fourth attempt, the pre-
vious post-wash sperm concentration was normalized twice and
once, respectively, in their previous three attempts. There was one
case of pregnancy in which the post-wash sperm concentration did
not normalize in any of the previous three cycles. Meanwhile, 13 of
the 14 women who became pregnant on their fourth IUl attempt
(92.9%) had normal motility in the previous three unsuccessful Ul
cycles, while the remaining woman had normal motility sperm in

two of the three unsuccessful cycles.

3.5 | Women's age and IUl outcome and partners'
age and post-wash sperm findings

To examine whether a woman's age might compensate for poor
semen findings, the pregnancy rates of women under the age of
35years and those over the age 35years were compared in terms of
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TABLE 3 Pre-and post-wash semen findings and 1Ul outcomes.

Pre-wash semen

Post-wash semen

Within WHO Below WHO Within WHO Below WHO
standard standard p? standard standard p?
Volume (mL) No. of cases 1159 221 - -
Mean+SD 3.0x1.6 0.9+0.3
Range 1.4-29 0.2-1.3
No. of pregnancies (%) 73(6.2) 14 (6.3) 0.984
Concentration No. of cases 1252 128 0.683 1163 217 0.042
(x10%/mL) Mean=SD 104.3+75.3 10.1+3.6 127.7+101.0 79+4.1
Range 16-720 1.5-15 16-720 0.0-15
No. of pregnancies (%) 80 (6.3) 7 (5.4) 80 (6.8) 7 (3.2)
Motility rate (%) No. of cases 1086 294 0.042 1329 51 0.059
Mean+SD 66.1+13.8 27.8+10.0 88.6+12.6 229+12.5
Range 42-100 0.0-41.9 42.3-100 0.0-40.7
No. of pregnancies (%) 76 (6.9) 11 (3.7) 87 (6.5) 0(0)
Both No. of cases 1016 58 0.298 1138 26 0.161
concentration
and motility
rate
Concentration Mean+SD 108.2+73.4 9.8+3.6 128.9+101.5 7.3+5.2
(x10%/mL) Range 16-580 1.5-15 16-720 0.0-15
Motility rate (%) Mean+SD 66.4+13.7 24.6+10.9 89.3+11.5 23.2+13.2
Range 42-97.8 0.0-41.7 42.3-100 0.0-40
No. of pregnancies (%) 71 (6.9) 2(3.4) 80 (7.0) 0(0)

Abbreviation: SD, standard deviation.
2Chi-squared test.

normal and abnormal post-wash sperm concentration. In all cases,
pregnancy rates were significantly higher in women under the age of
35years compared with those over the age 35years (8.3% vs. 4.7%,
p=0.008). This trend was also observed when comparing IUl cycles
in which post-wash semen concentrations were normal (>16x 10%/
ml) (8.8% vs. 5.3%, p=0.018). In contrast, pregnancy rates did not
significantly differ between these two age groups when post-wash
sperm concentrations were below the normal range (4.9% vs. 2.2%,
p=0.271) (Table 6). The changes in pre-wash sperm findings by part-
ner's age were also examined. Sperm concentration (Figure 4A), total
sperm count (Figure 4C), and total motile sperm counting (Figure 4D)
were not correlated with partner's age; only the motility rate in pre-
wash sperm showed a slight negative correlation with the male part-

ner's age (Figure 4B).

4 | DISCUSSION

Ul treatment has a central role in the treatment of infertile couples
with ovulatory disorders or unexplained infertility. Ejaculatory dis-
order and mild-to-moderate male-factor infertility are also eligible
for IUI treatment prior to IVF.Y® The success rate of IUl per cycle
is generally low compared with IVF; nevertheless, clinical practice

provides evidence that it is a worthwhile step for couples who are
considering IVF treatment. Although the success of 1Ul is largely af-

1617 the success of 1UI may also be influ-

fected by the woman's age,
enced by the duration of infertility, the ovarian stimulation protocol,
infertility etiology, number of treatment cycles, and timing of insemi-
nation.®*® In addition, recent evidence suggests that male-factor in-
fertility also contributes to Ul outcomes, and it has been reported
that total motile sperm count is an important parameter in semen
analysis.19 In the present study, we evaluated semen samples used
in 1380 Ul cycles performed between January 2019 and December
2021 at Shimane University Hospital with the aim of determining
whether semen findings are predictive of present and future Ul
outcomes. Sperm parameters in pre-wash semen samples were
compared with those in post-wash semen samples, and the relation-
ship between pre- and post-wash semen findings and Ul outcomes
was examined. Furthermore, we investigated whether the semen
findings used in previous unsuccessful Ul cycles could predict the
success of future Ul cycles in order to obtain helpful information
for determining whether to continue Ul or switch to ART. To accu-
rately determine the Ul outcomes at our institution, and to analyze
as many semen samples used in previous Ul cycles as possible, we
targeted all women aged 21 to 51 who had undergone Ul treatment
in our hospital.
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FIGURE 3 Changes in sperm concentration and motility rate in post-wash semen samples. Changes in sperm concentration (A) and
motility rate (B) are plotted for pre-wash (x-axis) and post-wash (y-axis) semen samples. Ul cycles that did not result in pregnancy are
indicated by small dots, and those that resulted in pregnancy are indicated by black diamonds. The lower limits of the WHO standards for
sperm concentration and motility are indicated by dashed lines. The lowest sperm concentration and motility rate that resulted in pregnancy

in this study are also indicated by dashed lines.

TABLE 4 Frequency in improvement of sperm concentration and motility rate in the current and previous post-wash semen samples and

1Ul outcomes.

Improved 3/3

3rd attempt times

Total 80
Pregnant 13

Concentration

No. of cycles (% of total cycles) 21(26.2)
No. of pregnancy (% of total 4(5.0)
cycles)
Motility
No. of cycles (% of total cycles) 65(81.2)
No. of pregnancy (% of total 11 (13.7)
cycles)
Improved 4/4
4th attempt times
Total 74 Concentration

Pregnant 14

No. of cycles (% of total cycles) 13 (17.6)
No. of pregnancy (% of total 1(1.3)
cycles)
Motility
No. of cycles (% of total cycles) 62 (83.8)
No. of pregnancy (% of total 12(16.2)

cycles)

A simple comparison of pre-wash and post-wash sperm findings
between IUI cycles in which pregnancy was achieved and those in
which it was not revealed no significant differences in any of the
sperm parameters. The mean semen volume, sperm concentration,
total sperm count, sperm motility, total motile sperm count, and

Improved 0/3
Improved 2/3 times Improved 1/3 times times
16 (20.0) 28 (35.0) 15(18.8)
3(3.8) 6(7.5) 0(0)
13 (16.3) 2(2.5) 0(0)
2(2.5) 0(0) 0(0)
Improved 3/4 Improved 2/4 Improved 1/4 Improved
times times times 0/4 times
13(17.6) 24 (32.4) 17 (23.0) 7 (9.4)
3(4.1) 3(4.1) 6(8.1) 1(1.4)
11 (14.9) 1(1.3) 0(0) 0(0)
2(9.5) 0(0) 0(0) 0(0)

abnormal rate in the pre-wash or post-wash semen samples were
all similar between Ul cycles that resulted in pregnancy and those
that did not. Similarly, the sperm parameters in the post-wash semen
samples did not differ significantly between IUI cycles that resulted
in pregnancy and those that did not. Taken together, these results
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TABLE 5 Normalization of sperm concentration and motility rate in the previous post-wash semen samples and Ul outcomes.

Pregnancy achieved on 3rd attempt

13 Cases

Pregnancy achieved on 4th attempt

14 Cases No. of pregnancies

No. of pregnancies

Concentration

Motility

Concentration

Normalized 2/2

Normalized 0/2

Motility

TABLE 6 Post-wash sperm concentrations and IUl outcomes in women <35years and >35years of age.

Total No. of cycles
Concentration (x10°/mL)
Range
Cases of pregnancy (%)
Within WHO standard No. of cycles
Concentration (x10°/mL)
Range
Cases of pregnancy (%)
Below WHO standard No. of cycles
Concentration (x10°/mL)
Range

Cases of pregnancy (%)

2Chi-squared test.

suggested that both pre-wash and post-wash sperm findings were
mostly the same in IUl cycles that resulted in pregnancy and those
that did not.

There were cases in which pregnancy was achieved even when
the original semen parameters were below the WHO standards, that
is, volume below 1.4mL, concentration below 16x10® sperm/mL,
and motility below 42%. The minimal semen volume that resulted in
pregnancy was 0.2mL, the lowest concentration was 6.9x10%/mL,
and the lowest motility was 7.1% in the pre-wash sperm samples.
Therefore, because it is possible to conceive by Ul even when the
original semen findings are below the WHO standards, infertile cou-
ples should not be rushed to ART without first trying IUl, based solely
on poor semen findings. When the outcomes of IUl procedures were
examined in terms of whether the pre-wash semen findings were
within or outside of range of the WHO standards, the pregnancy
rate did not significantly differ regardless of whether the quantity,
concentration, or both concentration and motility did not satisfy the
WHO standards. However, when IUl was performed using semen
with a normal motility of >42%, the pregnancy rate was significantly
higher compared with that in Ul cycles using semen with a motil-
ity below the WHO standard (<42%). We consider that the sperm
quality necessary for successful Ul is lower than the WHO thresh-
old values for normal sperm, as previously reported.20 However, we
should note that the sperm motility in the original semen findings is
more sensitive to the success of IUIl. Although some reports have

times Normalized 1/2 times times
11 2 0
13 0 0
Normalized 3/3 Normalized Normalized 1/3 Normalized
times 2/3 times times 0/3 times
6 4 3 1
13 1 0 0
Age <35years Age>35years p?
588 792 0.008
111.9+96.7 106.6+106.6
0-720 0.1-600
49 (8.3) 38(4.7)
507 656 0.018
128.4+94.1 127.0+106.2
16-720 16-600
45(8.8) 35(5.3)
81 136 0.271
8.1+4.1 7.8+4.2
0.0-15 0.1-15
4(4.9) 3(2.2)

indicated that pre-wash semen findings are not related to Ul out-

1121 others have suggested the importance of initial pre-wash

|.22

comes,
sperm motility in successful U

Generally, semen parameters are improved by washing, and the
post-wash semenis used for insemination. Although there was a slight
association with motility rate, poor pre-wash semen findings were
not closely associated with the Ul outcomes: However, when post-
wash sperm findings of concentration and motility were below the
WHO standards, pregnancy rates were significantly low compared
with cases in post-wash semen samples with parameters above the
WHO standards. There were cases in which pregnancy was achieved
even when the post-wash sperm concentration was below the WHO
standard (16x10%/mL), but the pregnancy rate was low compared
with cases in which the post-wash sperm concentration was above
the WHO standard. However, there were no IUl cycles in which preg-
nancy was achieved when the motility rate of post-wash sperm was
below the WHO standard (<42%). Pasqualotto et al. reported that
post-wash sperm motility, but not pre-wash motility, was predictive
of successful IUl outcomes with a cut-off value of 40%, which was the
previous WHO standard issued in 2010.2% This is also supported by
previous studies.?*?> Our observations suggest that the same could
be said based on the 2021 WHO standard; that is, when the post-
wash sperm motility is less than 42%, [Ul is unlikely to succeed.

In this study, we also showed the changes in sperm parameters
in semen samples used in individual IUl cycles. The changes in sperm
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FIGURE 4 Relationship between age and semen parameters in the male partners of women who underwent IUl. Pre-wash semen
concentration (A), motility rate (B), total sperm count (C), and total motile sperm count (D) are plotted according to age. The correlation
between the two metric variables was determined by Pearson's correlation coefficient.

concentration by sperm washing varied in each semen sample. Even
when the original sperm concentration was below the WHO stan-
dard (16x10%/mL), it could be improved to normal concentration
levels after washing. However, in some cases the normal sperm
concentration worsened or the low sperm concentration remained
low after washing. Because pregnancy was achieved in some cases
even when the post-wash sperm concentration was below the WHO
standard and because successful 1Ul cycles did not always have the
best sperm concentration compared with previous unsuccessful Ul
cycles, it can be said that pre- and post-wash sperm concentration
is not a predictor of the success of |Ul. In contrast, although the im-
provement in sperm motility by washing also varied in each case,
all cases of pregnancy had a motility rate above 42%, which is the
lower limit of the WHO standard. Pregnancy was not achieved when
post-wash sperm had a motility of less than 42%. In addition, our
investigation of post-wash sperm findings in sequential Ul cycles
revealed that 11 of 13 couples (84.6%) who achieved pregnancy at
their third 1Ul cycle had normal concentrations of post-wash sperm
in the previous two unsuccessful Ul cycles. In addition, all couples
who achieved pregnancy on their third IUl cycle had normal (>42%)

post-wash sperm motility rates in the previous two unsuccessful
IUI cycles. This information should be considered when deciding
whether to perform another Ul cycle. Although post-wash sperm
motility was always above 42% when pregnancy was achieved by
IUl, among the 14 couples who successfully achieved pregnancy at
their fourth IUI cycle, 13 (92.8%) had normal motility in the previous
three unsuccessful Ul cycles. The remaining couple who achieved
pregnancy at their fourth IUl cycle had normal motility in two of the
previous three unsuccessful Ul cycles. This is also valuable infor-
mation to consider when deciding whether to attempt a fourth Ul
cycle.

We retrospectively reviewed sperm findings in all semen sam-
ples used in Ul cycles in the study period. It is unclear whether
semen quality is affected by aging. Loverira et al. reported that
semen quality seems to be influenced by aging,26 while Tatsumi
et al. reported that advanced paternal age does not adversely af-
fect sperm parameters.?’ In the present study, we showed that
among the pre-wash semen parameters, sperm motility was the
only parameter that was negatively correlated with partner's age,
albeit slightly. Total sperm count, concentration, and total motile
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sperm count were not correlated with partner's age. Women are
less likely to conceive as age increases, and in cases of sponta-
neous conception, the partner's age is likely to be a factor. As ob-
served in the cases of Ul that resulted in pregnancy in this study,
sperm motility probably needs to be 42% or higher, even in cases
of spontaneous conception. However, when undergoing Ul treat-
ment, even if sperm motility is decreased due to the partner's age,
it should not affect the outcome of 1Ul as long as the post-wash
sperm motility rate is over 42%. The outcome of Ul is reported
to be dependent on the women's age,?® which is in line with the
results of the present study. However, pregnancy rates did not sig-
nificantly differ according to the women's age in Ul with sperm
concentrations below the normal range of the WHO standard.
These findings suggest that the higher oocyte quality in younger
women does not compensate for low sperm concentrations in
achieving pregnancy with [UI.

In this study, we focused on the sperm parameters of successful
cases of Ul treatment. Pre- and post-wash sperm characteristics did
not differ between Ul cycles that resulted in pregnancy and those
that did not. When the motility of pre-wash sperm was below the
normal range established by the WHO (i.e., <42%), the pregnancy
rate was significantly lower. In the Ul cycles in which post-wash
sperm motility was below the WHO standard, pregnancy was not
achieved. At the third IUI cycle, there were no cases of pregnancy
unless the post-wash sperm motilities used in the previous two Ul
procedures were above 42%. At the fourth [Ul cycle, pregnancy was
not achieved unless the post-wash sperm motility was normal in at
least two of the three previous attempts. From these findings, sperm
motility above the lower limit of the WHO criteria is thought to be
an important factor in IUl outcomes. Although this study was ret-
rospective in nature, the results provide additional insight into the

indications for future Ul treatment.
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