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Introduction

Globally, infertility affects 80 million people and an
estimated one in 10 couples 1, 2, Late marriages,
modern-day stress and a lower sperm count have led to
a high number of infertility cases in Malaysia, An
estimated 300,000 couples in the 20 to 40 years age
group experienced some form of infertility creating a
large demand for fertility services 3,

In Malaysia, intrauterine insemination (IUI) is available
and affordable to most infertile couples, Nearly all
public hospitals offer infertility treatment until the level
of IUI with higher reproductive technology within
reach of a small number with financial resources. lUI
was considered the best first line treatment and the
most cost effective procedure for cervical hostility and

moderate male infertility. There is ample evidence that
mild ovulation stimulation coupled with lUI
significantly improved the probability of conception in
couples with unexplained infertility and moderate male
infertility 4, 5.

There had been published information on IUI and
prognostic factors associated with successful outcome in
the local context 6, 7 but findings from a large group analysis
would provide a more concrete basis for counseling
patients on expectations and treatment options.

Materials and Methods

A retrospective study was undertaken on 297 couples
who underwent 445 IUI cycles from Jan 2005-Mar 2006
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at an academic referral hospital. Subjects presented
with varying infertility duration of at least two years.
No exclusion criteria were used in patient selection
except azoospermia. As long as tubal patency was
demonstrable, lUI was offered. Couples were grouped
according to primary infertility diagnosis based on
existing medical history and investigations. Those
classified as tubal factor infertility were defined as
having any abnormality or surgery to one or both
fallopian tubes. Those defined as idiopathic had
normal hormonal profile, semen parameters, pelvic
anatomy and ovulatory cycles. Age of the subjects was
computed from the national identity card number.

Ovarian stimulation (OS) was achieved in women with
clomiphene citrate (CC), gonadotrophin (Gn) alone or
in combination (CCGn). CC (50-200mg) was
customarily given for five days starting on the second
day (D2) of the menstrual cycle while Gn, (50-250iu;
Gonal-f, Serono Inc. USA; Puregon, Organon USA)
began on D1 and continued until day of ovulation
induction. CCGn regime began with CC on D2-6
followed by Gn on D7 until ovulation induction.
Ultrasound evaluation usually began on D6 and
repeated serially every 2-3 days. Human chorionic
gonadotrophin 10,000iu (hCG, Pregnyl, Organon USA,)
was given when the leading follicle reached 18-20mm
in diameter. Intrauterine insemination was performed
36-42 hours after hCG injection.

The male subject was instructed to abstain from
ejaculation for 2-7 days prior to lUI. On the morning
of lUI, the male subject is required to clean and dry
both hands and penis prior to collection. Fresh semen
was collected into a sterile 100 ml container, carried out
in a special room within the hospital. Semen analysis
was performed after liquefaction according to WHO
criteriaB• Motile sperm concentration (MSC) was
derived from progressive motility multiplied by sperm
concentration per ml. Three sperm preparation
methods were used in the laboratory namely swim up,
two gradient column and simple wash. Only poor
motility and relatively debris free ejaculates were
processed via Simple wash. The media used in semen
preparation were commercial standards [Ferticult,
Fertipro Belgium; GIll series, Zander IVF Florida USA,
PureSperm 100, Nidacon, Sweden].

The final sperm preparation was adjusted to 0.4-0.6 m19 •

Insemination was performed transvaginally with a
semi-flexible catheter [Select lUI, Select Medical
Systems USA; Wallace Artificial Insemination Catheter,
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Smiths Medical Int. Ltd. UK]. The patient remained
supine for at least 20 minutes after the procedure to
avoid flowback.

Luteal phase support consisted of progesterone thrice
daily, orally and vaginal pessary [Duphaston lOmg;
Laboratories Besins Iscovesco, Paris; Utrogestan 100mg,
Solvay Pharmaceuticals BY, Holland]. Pregnancy was
defined by a positive urine pregnancy test on day 21
post lUI followed by positive ultrasound findings.

Analysis was performed on 445 cycles of lUI. Age was
unavailable for 14 women (17 cases) and 33 men who
were in the armed forces or migrants. Data was
incomplete in nine follicular tracking and a semen
analysis respectively. Those with missing values were
included in analysis to avoid generating bias as none
occurred in a pregnant cycle. Statistical analysis was
carried out using SPSS version 10. The number of
subjects in every analysis was indicated in each result
table. ANOYA, t-test, paired t-test, X', Pearson's
correlation and repeated multivariate analysis were
used where appropriate. Significance was set at
p<0.05.

Results

The subjects had a mean paternal and maternal age of
35.5±5.8 (n=264, range 24-59) and 33.0±4.7 (n=280,
range 21-46) years respectively (Table 0. The main
causes of infertility were idiopathic (50%),
endometriosis (17%) and polycystic ovarian syndrome
(PCOS)/anovulation (15%).

The male factor diagnosis of 10% was not reflected by
semen analysis carried out on the day of lUI as 31% of
all cycles had poor semen parameters (Table II).
Almost 10% of the subjects were
oligoastenoteratozoospermic with another 23%
oligozoospermic or astenozoospermic by WHO criteria.

On the whole, the average number of dominant
follicles recruited was two with mean endometrial
thickness (ET) of 10.0mm (Table III). Different OS
regime showed dissimilar follicular development and
ET. CC, Gn and CCGn were used in 47.4%, 45.8% and
6.3% of OS cycles respectively (Table IV). Two cycles
of lUI were carried out without OS. CC cycles showed
significantly poorer follicular recruitment and thinner
ET (both p<0.0005) compared to Gn and CCGn
regimes. OS by Gn recruited the most follicles and had
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the thickest ET with the consequence of IUI being
performed the earliest at 13.9±2.0 days (p=O.OOl).

A total of 42 pregnancies resulted from 445 cycles for a
clinical pregnancy rate (PR) of 9.4% per cycle (42/445)
and 14.1% per couple (42/297). The majority (66.6%)
underwent one cycle with 21.7% and 11.6% undergoing
two or more cycles. PR per attempt did not decline with
the number of lUI cycles performed although no
pregnancies occurred beyond the 4th cycle. Almost all
(97.6%) pregnancies were achieved within three cycles
with a cumulative PR of 36.7% per four cycles (Table V).

PR per attempt depreciated significantly with age
namely women aged 36 years and above having a
lower PR, 11.8% vs. 4.4% (p=0.028). The presence of
three follicles or one large follicle at time of lUI
produced a PR of -10%. No pregnancy was seen in
subjects with ET<6mm measured on day of hCG
injection, 11.7±2.3 day of the as cycle. The highest PR
was observed in CCGn cycles, 17.9% followed by Gn
cycles 11.8% and 6.2% in CC cycles. PR per regime was
not statistically different (p=0.091) being not unduly
influenced by pre and post processed MSC or maternal
age.

Predictors of Intrauterine Insemination Success

difference in PR between causes of infertility was not
statistically significant. Others encompassed cases with
miscellaneous etiology of cancer, chronic illness and
endocrine problems. The sole pregnancy in that group
arose from a subject who formerly suffered from
thyrotoxicosis.

lUI with as was demonstrated to be a safe procedure
with few complications. No complaints have arisen
from the IUI procedure itself. Only two cases of
ovarian hyperstimulation syndrome (OHSS) 0.04%
occurred that required in patient care.

Further analysis showed that maternal age was
negatively correlated to the number of follicles
recruited (r=-0.30, p<0.0005) whereas paternal age was
inversely related to sperm motility (r=-0.125, p=0.013).
The age of husband and wife was closely correlated
(r=0.73, p<0.0005) as expected. When maternal and
paternal age, total and mature follicles, ET, number of
cycles, MSC, method of sperm preparation and as
regime were analysed by repeated multivariate analysis,
the predictor of pregnancy in the final model was
maternal age (adjusted R2 =0.013, standardized 15=0.122,
p=O.Ol1).

Table I: Characteristics of lUI subjects

In cases of severe oligozoospermia a demonstrably
lower PR of 1.4% (p=0.008) was seen. The lowest
semen denominator that achieved pregnancy was
progressive MSC of 4.9x106/ml fresh semen which
yielded a post process MSC of 5.1x106/ml. This study
showed IUI+OS to be beneficial for oligozoospermic
couples as PR comparable to normozoospermic
patients was achieved. A two fold higher PR (p<O.OOl)
was seen when sperm motility was «30% compared to
those with lesser progressive motility, 10.6% (37
pregnancies/349 cycles) vs. 5.3% (5/95).

Sperm preparation techniques significantly increased
sperm motility (p<0.0005) but had no influence on PRo
Swim up significantly improved progressive motility
post processed whereas gradient column increased
progressive motility, sperm concentration and MSC
(Table VI).

The highest PR was achieved in subjects with infertility
factor of PCOS/anovulation, endometriosis and
idiopathic (Table VII). No pregnancies occurred in
those with tubal abnormalities although one or both
tubes were demonstrated to be patent prior to IUI. The
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Ethnici
(female, n=297)

Malay
Chinese
Indian
Others

Primary sub-fertility

Primary infertility factors
Idiopathic
Endometriosis
PCOS/Anovulation
Male factor
Tubal
Pelvic inflammatory disease
Fibroids (<<3, >2.5cm 0)
Others

N(%)

234 (78.8)
39 (13.1)
15 (5.1)
9 (3.0)

220 (74.1)

149 (50.2)
52 (17.5)

45 (15.2)
29 (9.8)
14 (4.7)
2 (0.7)
3 (1.0)
3 (1.0)
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Table II: Male factor distribution on day of lUI

Male factor classification
(n=296 couples)

Normal
Oligozoospermia «20 Million sperms per ml)
Astenozoospermia «30% progressive motility)
Oliqo-asteno-teratozoospermia (morphology <15%)

Raw semen parameters
(n=444 cycles)

Concentration (x106/ml); range 0.7-390.0
Progressive motility (%); range 4.2-84.0
Morphology (%); range 14.0-46.0
Volume (mil; 0.5-6.5

MSC per ml raw semen
(n=444 cycles)

<5 xl 06 (severe oligozoospermia)
5 to <10 x106 (oligozoospermia)
10 to <20 xl 06 (borderline oligozoospermia)
;;,20 xl 06 (normal)

Table III: Overall lUI cycle parameters

Overall lUI c c1e arameters
(n=445)

Total follicles
Large follicles (;;,18mm diameter)
Endometrial thickness (mm)

N(%)

197 (66.6)
35 (11.8)
35 (11.8)
29 (9.8)

Mean±sd

67.37±59.32
43.05±16.58
18.82± 5.16
2.77± 1.22

N(%)

71 (16.0)
66 (14.9)
87 (19.6)

220 (49.5)

Mean±sd

11.66±7.04
1.94±2.10

10.06±2.58

Table IV: lUI Cycle parameters per ovarian stimulation regime

lUI cycle parameters per regime CC Gn CCGn
(n=211) (n=204) (n=28)

Mean±sd
Total follicles' 8.34±4.28 14.02±7.85 15.11±6.94
Large follicles' 1.53±1.05 2.37±2.69 1.41±1.47
Endometrial thickness (mm)' 8.91±2.24 10.98±2.49 9.43±2.97
Day of IUI$ 14.49±1.94 13.87±2.02 15.32±2.17

'p<0.0005; $p=O.OOl
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Table V: Clinical pregnancy rate by maternal age, number of follicles, endometrial thickness, number of cycles,
motile sperm count, method of sperm preparation and ovarian stimulation regime

Variables Category
Mat. age (n=428) <25 yrs 26-30 yrs 31-35 yrs 36-40 yrs 41+yrs
PR n t%) # 2/11 (18.2) 17/128 113.3) 18/175 11 0.3) 2/78 (2.6) 3/3618.31
lUI cycle (n=445) 1 2 3 4 5+
PR, n (%) 31/296 (10.5) 6/97 (6.2) 4/34 (11.8) 1/12 (8.3) 0/6 (0)
Fob18mm (n=442) 1 2 3 4 5+
PR, n (%) 25/248 (10.1) 4/86 (4.6) 3/39 (7.7) 2/31 (6.4) 7/38 (18.4)
Total fo!. (n=442) s3 4-6 7-9 10-12 ",12
PR, n (%) 4/38 (10.5) 4/77 (5.2) 4/75 (5.3) 9/79 (11.3) 20/173 (11.6)
ET (n=437) <6.0mm 6.0-8.9mm 9.0-11.9mm 12.0-14.9mm 15.0+mm
PR, n (%) 0/14 (0) 15/155 (9.7) 15/169 (8.9) 8/82 (9.8) 3/17 (17.6)
OS regime (n=445) CC CCGn Gn Natural
PR, n (%) 13/211 (6.2) 5/28 (17.9) 24/204 (11.8) 0/2 (0)
MSC (n=444) <5x106/ml 5-<1 Ox1 06/ml 10-<20x106/ ml ",20x106/ ml
PR, n (%)* 1/71 (1.4) 10/66 (15.2) 4/87 (4.6) 27/220 (12.3)
Sp. Prep. (n=444) Gradient Swim up Simple wash
PR, n (%) 41/416 (9.9) 1/21 (4.8) 0/7 (0)

*p=0.008; #p=0.028
Key: Pregnancy rate(PR); endometrial thickness(ET); follicles(fol); motile sperm count(MSC); sperm preparation method(Sp. Prep);
ovarian stimulation(OS); c1omiphene(CC); gonadotrophins(Gn).

Table VI: Sperm preparation techniques
Preparation method MotilityS(%) Concentration (106/ml) MSC (106/ml)
(n=444 cycles) Mean±sd
Pre-processed

Gradient (N=416) 42.57±16.46 67.34± 59.42 32.64± 36.72
Swim up (N=21) 52.02±12.36* 84.48± 59.95 48.68± 37.09
Simple wash (N=7) 47.23±26.02 29.43± 56.71 14.92± 30.47

Post-processed
Gradienf' 86.93±13.36 89.31±161.22 81.11±156.81
Swim Upb 88.65± 9.74 67.46± 47.37 63.57± 43.61
Simple wash 72.29±20.79# 19.34± 25.94 15.75± 21.07

$p<0.0005, pre vs. post process; *p=0.035; #p=0.014

"p<0.0005, motility; p=0.003, concentration; p<0.0005, MSC

bp<0.0005, motility

Table VII: Pregnancy rate versus causes of infertility
Causes of infertility
(n=445)

I iopat ic
PCOS/Anovulation
Endometriosis
Male factor
Tubal
Fibroid
PID
Others
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.N(%)

23 209 11.0
10/76(13.2)
7/59(11.9)
1/71 (1.4)
0/20 (0)
0/3 (0)
0/2 (0)
1/5(20.0)
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Discussion

The findings in this study mirrored other reports
whereby a younger maternal age, adequate motile
sperm count and two or three mature follicles were
good prognostic factors for successful lUI outcome.
The clinical PR, 9.4% was comparable to the global
average of 10% 10, 11, 12. Sikandar et al indicated that in
Pakistani women a younger maternal age, MSC >10
millions/ml and two or more mature follicles >16 mm
were good prognostic factors for pregnancy 13. Khalil et
al reported a PR of 11.9% from over 2400 lUI cycles in
Denmark if at the time of insemination, 3 to 4 mature
follicles have developed and that at least five million
motile sperms were available for insemination 14. In
concurrence, Dickey et al showed that PR was
influenced by maternal age ~43 years, poor semen
quality, single pre-ovulatory follicle and infertility
diagnoses. PR was shown to remain constant through
four cycles and then fell significantly for diagnoses
other than ovulatory dysfunction 15.

Accordingly, in our centre the highest PR was observed
in women with the most follicles and ET~15.0mmat the
time of insemination. Maternal age was negatively
correlated to the number of follicles recruited indicating
diminished ovarian reserve as women aged. Subjects
who became pregnant being younger had better
ovarian response, with success increasing in tandem
with the number of mature follicles present 16. Similar
to Sikandar et al l3 who specified an ET of >7mm, an
acceptable PR was achieved when ET of ~6mm was
measured on day of hCG injection. Previous studies
have indicated that ET did not serve as a good predictor
of success especially in CC stimulated cycles 17. ET was
an outcome of follicular recruitment and thus, women
who had adequate follicular development tended to
have better ET as well.

Although the effect of age on PR is well established 18,19,

older subjects in our centre had a comparatively lower
PR of 4.4% whereas European 2002 registry data
achieved a clinical PR of 11.6% and 7.8% in women <40
and ~40 years of age respectively 10. Partially
accountable for the poorer outcome was the use of CC
for OS in older women, unavoidable due to economic
considerations. OS with CC followed by lUI was found
to produce significantly lower PR in women aged 35
and 0lder20

• CC, an anti-estrogenic agent had a known
effect of impairing endometrial development and
cervical mucus in the face of good follicular
development, resulting in a lower PR 21. 22.
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A sequential treatment protocol was practiced in our
centre whereby CC was the first line therapy offered to
patients followed by combined CCGn if the subject
showed adequate follicular development but poor ET
when on cc. Gn were given to older women or those
with poor follicular development on Cc. Logic follows
that milder infertility cases would have been resolved
earlier leaving intractable cases with consequently
poorer outcome for Gn cycles 15,23.

The major causes of infertility namely idiopathic,
endometriosis and ovarian were similar to an earlier
study' although presently idiopathic infertility made up
the largest group. The PR per cycle was comparable to
Sahakyan et al who reported 13%, 12% and 10% overall
fecundity for anovulatory, endometriosis and idiopathic
infertility respectively 24. In contrast to our findings
whereby couples with tubal pathology' and severe
male factor achieved low or no pregnancy, Sahakyan et
al had a PR of 9% and 7%. On the other hand, Steures
et al had implicated tubal pathology as an unfavourable
predictor of lUI success from analysis of nearly 3400
Dutch couples who underwent 15000 cycles".

PR was shown to be generally low in male factor
infertility regardless of OS regime 21, 26, 27, 28. Studies have
shown a significantly higher proportion of aneuploidy
in severe male factor, inversely correlated to sperm
concentration and progressive motility. The final
outcome would likely be an increased in failed
implantation and/or repeated abortion 29. The low PR
seen in the severe oligozoospermic group was also due
to the added predicament of the female partner who
presented with infertility factor of PCOS (n=10),
endometriosis (n=13) and one each of fibroids and
tubal pathology.

A lower PR observed in the subset of borderline
oligozoospermia (10 to <20x106 MSC/ml) could be a
reflection of more severe problems in the female.
Recently, a diminished ovarian reserve was shown in
young «30 years) normally cycling women. Ovarian
response in women with idiopathic and mild male
factor infertility undergoing in-vitro fertilization (IVF)
have revealed a U shape relationship in older and
younger women; a result of diminished quantitative
response i.e. fewer follicles. It was suggested if
standard infertility workup did not reveal any
abnormality in young women, their ovarian reserve
should be investigated 30.

In our centre, a semen threshold of >5x106/ml MSC
resulted in an acceptable PRo A lower insemination
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threshold of 1x106/ml MSC was reported by Berg et a1 26•

In over 3000 IUI cycles, a plateau in PR of 7-10% per
cycle was achieved following insemination of
>lx106/ml MSC with a small increase seen at higher
sperm concentration. Insemination of <lx106/ml motile
sperm resulted in PR of <1% per cycle. The disparity
could be due to the nature of our infertile population
with over 80% male subjects being teratozoospermic 6. 31.

In the event normal morphology was <30% after sperm
preparation, a minimum insemination number of
5x106/ml motile sperms was advised, the rational being
quantity compensated at least in part for the defective
quality 32,33. Additionally, a two fold higher PR was
observed when fresh semen motility was 2:30% 3" a
variable that related inversely to paternal age.

A universal threshold whereby IUI can be performed
with a satisfactory PR has not been determined
although success was impaired with insemination of
<lx106 MSC and <5% normal spermatozoa35 . When
<lx106/ml MSC were available after preparation,
intracytoplasmic sperm injection (ICSI) may be the
treatment of choice36• Below the minimal semen
criteria, IVF or ICSI should be considered as it provided
a better chance of pregnancy especially in couples with
long standing infertility whereby the female was
normal.

We chose to report PR versus fresh semen parameters
rather than post processed sperm count in order to
provide a cost effective clinical predictor. The use of
post washed MSC would entail added time and
expense to the patient as post washed MSC had to be
established during the fertility workup rather than at
insemination 37.

To summarise, factors related to the success of lUI
included a younger maternal age, MSC>5x106/ml,
adequate follicular and endometrial development.
Those who became pregnant following IUI+OS were
significantly younger and had better ovarian response
with more follicles. PR per attempt reduced
significantly in women aged 36 years and above. PR
did not decline with subsequent IUI cycles although no
pregnancy occurred after 4th attempt. A higher PR was
seen in subjects with infertility causes of
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PCOS/anovulation, endometriosis and unexplained
cases. Maternal age was negatively correlated to the
number of follicles recruited whereas paternal age was
inversely related to sperm motility. Repeated
multivariate analysis showed the predictor of lUI
success to be maternal age.

Results indicated IUI to be beneficial for
oligozoospermic couples as PR comparable to
normozoospermic patients was achieved. If reduced
MSC was the primary infertility diagnosis with the wife
likely to present with mild problems, lUI should be the
treatment of choice 38. Patients with poor prospects of
severe male factor or tubal pathology should be
encouraged to attempt IVF/ICSI earlier. Women 2:36
years old should be treated more aggressively i.e. with
gonadotrophins and progress rapidly to IVF/ICSI
following unsuccessful lUI as maternal age was crucial
to success, an approach advocated by other lUI
practitioners as well 14. 24.

The study being a retrospective analysis suffered from
differences in participant characteristics and variable
clinical approaches which' resisted straightforward
comparison. Subjects varied in regard to infertility
factors, as regime and semen preparation as well as
difficult to discern factors such as insemination
catheters 39 and ejaculatory abstinence interval prior to
lUI 40, all of which have a bearing on the outcome.
Nonetheless, due to the larger number of cycles
analyzed, we were able to demonstrate the predictor
associated with lUI success.

In conclusion, factors associated with lUI success
included a younger maternal age, MSC>5x106/ml,
adequate follicular and endometrial development.
Modeling by multivariate analysis showed the predictor
associated with successful outcome was maternal age.
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