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Abstract This review addresses the misplaced facts about

the IUI procedure within a lucrative fertility industry.

Evidence suggests IUI must be a first-line treatment option

for most couples except in cases of bilateral tubal blockage

and severe oligozoospermia. We introduce the concept of

using ‘consecutive ejaculation’ in men with subfertility and

one which can radically alter the male infertility definition,

thereby providing a new approach to examining and

managing male factor infertility. The review also explores

various aspects affecting the IUI procedure, its determi-

nants of success, risks and areas for future improvements.

Areas such as choice of patients, clinical management of

patients, the type of stimulation regime, timing and the

management of sperm usage have significant bearing to

whether IUI will succeed. The paper asserts that IUI should

be the first choice of fertility treatment.
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Introduction

There has been a lapse in the progress of intrauterine

insemination (IUI) particularly in improving clinical

pregnancy rates, as witnessed with IVF/ICSI practices

[1, 2]. New evidence strongly supports the IUI procedure as

a first-line treatment option [1, 3]. The added costs nec-

essary to achieve one additional healthy child in the IVF-

SET group compared with IUI-COH were €43,375 [4]. The

Cochrane reviews dismiss multiple birth rate concerns in

the IUI procedure [5–7].

IUI procedure increases the chance that maximum

number of healthy sperm reaches the site of fertilisation. In

couples with abnormal mucus, the rationale might be to

bypass a possible cervical factor. First-line treatment using

IUI must be attempted in all patients except in women with

cervical atresia, cervicitis, endometritis or bilateral tubal

obstruction and in most cases of amenorrhoea or severe

oligozoospermia. ‘Consecutive ejaculate’ qualities in sub-

fertile males also support in-depth analyses of subfertile

males [8].

IUI Procedures and Insemination Methods

Insemination with unprocessed semen is associated with

pelvic infection, and it is necessary to remove seminal

plasma to avoid prostaglandin-induced uterine contractions

[9]. The most frequently used methods involve centrifuging

spermatozoa through culture medium or density gradients

followed by re-suspension in suitable culture media

otherwise swim up methods. A systematic review of sperm

preparation techniques concluded that there were insuffi-

cient randomised studies to choose the best method [9]. A

total motile sperm count of 10 million may be a useful

threshold value for decisions regarding the treatment of a

couple with IUI or IVF [10], although 5 million is widely

accepted [11].

Mode of Insemination

IUI is performed commonly using 0.2–0.5 ml sperm sus-

pension into the uterus with a catheter, usually without

imaging guidance. Increasingly clinics with better success

appear to be using 1 mil for IUI to overcome the collective

loss of fluid during the various stages of loading the

catheter and expulsion. A randomised clinical trial com-

pared immobilisation for 15 min with immediate mobili-

sation subsequent to IUI and showed higher ongoing

pregnancy rates in couples immobilising subsequent to IUI.

The persistent significant difference in ongoing pregnancy

rates underpins the importance of immobilisation after IUI.

There is no valid reason to withhold women from immo-

bilising for 15 min after IUI [12].

To compare pregnancy-related outcomes from women

undergoing IUI cycles performed with either soft or firm

catheters in subfertile women, no specific conclusion can

be made regarding the superiority of one catheter class over

another [13].

Timing of Insemination

Timing is a single most important subject which can deter-

mine the success of IUI and yet little evidence-based infor-

mation exists to decipher what is critical for an optimal

success rate, so it is rather surprising that few studies were

designed to find the optimal time for insemination [14]. The

systematic review found no difference in the pregnancy rate

per couple with two inseminations compared with one [15].

In the majority of studies, IUI is done 32–36 h following

hCG administration, although in one pilot study it appears

that optimal time post-hCG trigger for a pregnancy was 30 h

[8]. There may also be differences in what is optimal for

trigger in Clomid cycles and hMG cycles. Data suggest that

the pregnancy-related diameter of the leading follicle in CC

cycles is significantly larger than that in gonadotropin cycles

and the best time for hCG trigger in the CC cycle is when the

leading follicle reaches 20 mm [16], whereas in hMG cycles

18 mm appears optimal.

Premature LH surges also occur in substantial treatment

cycles and in 25–30 % of stimulated IUI cycles [17, 18],

which may interfere with timing of the IUI leading to

treatment failures. The LH surge is required for luteinisa-

tion, final maturation of the oocyte and follicle rupture, and

using a GnRH antagonist should abolish premature

luteinisation [18]. Premature LH may be more frequent in

older women since their maximum follicle diameter at the

time of ovulation is substantially smaller [19, 20].

IUI and the Endometrium

With regard to endometrial thickness, limited data exist in

relation to pregnancies [21]. Mean endometrial thickness in

patients stimulated for IVF was significantly higher than in

patients stimulated for IUI and normally cycling women

(P\ 0.001), and pregnancy rates (PRs) are significantly
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higher in patients with an endometrial thickness[9 mm,

while thin endometria, generally measuring \7 mm, are

thought to be less able to support implantation and preg-

nancy [21]. There are strategies to help endometrial con-

ditions to boost pregnancy outcomes. Low-dose aspirin

support for thin endometrium (\8 mm) gave significantly

better pregnancy rates (18.4 vs. 9.0 %) after aspirin therapy

in IUI procedure [22]. Another strategy to neutralise the

anti-oestrogenic endometrial effect of CC by co-treatment

of CC with ethinyl estradiol (EE2) is documented in many

other studies [23–27]. EE2 appears to reverse the delete-

rious effects of CC on endometrial thickness contributing

to a significantly lower miscarriage rate and significantly

higher ongoing pregnancy rate in the CC ?EE2 group [27]

although more studies are required [17]. It would appear

therefore that IVF type procedures will have beneficial

effects on the endometrium and this should be adopted in

IUI procedure.

Ovulation Induction Agents

The Cochrane database [28] reviewed the evidence of oral

ovulation-inducing agents versus injectable ovulation-in-

ducing agents in the treatment of unexplained infertility up

to 2002 showing that there is insufficient evidence to prefer

either of the methods when comparing pregnancy or live

birth rates. This Cochrane review identified five studies

where anti-oestrogens were compared with gonadotropins

for ovulation induction. No study compared either anti-

oestrogen or gonadotropins with a combination of both.

The report compared clomiphene with human menopausal

gonadotropins [29] and that showed no significant differ-

ence in live birth rate per couple (OR 0.51, 95 % CI

0.18–1.47). There were three studies which had primary

outcome of pregnancy rate per women. There was a sig-

nificantly higher pregnancy rate in the group which were

treated with hMG (OR 0.44, 95 % CI 0.19–0.99). There is

a general misconception about the economics of using

gonadotropins versus the cheaper clomiphene in that live

births cannot be costed to drug charges alone without

considering the much wider running costs including scans

and consultation.

Clomiphene Citrate

Clomiphene citrate, an anti-oestrogen, is mostly used as

first choice for COS in the context of IUI since clomiphene

can be administered orally and is cheaper than gonado-

tropin injections [29–31]. Clomiphene is a selective

oestrogen receptor modulator (SERM), a no steroidal

oestrogen that binds to the oestrogen receptors at multiple

sites throughout the reproductive tract, and can act as an

oestrogen agonist or as an antagonist. Clomiphene binds to

oestrogen receptors in the hypothalamus, inhibiting nega-

tive feedback of oestrogen on gonadotropin release. Sub-

sequent up-regulation of the hypothalamic–pituitary–

gonadal axis leads to growth of the ovarian follicle(s). It is

unclear to what extent in particular Clomid interferes with

the functional properties of sperm given human sperm

expresses the oestrogen receptors [32, 33].

Clomiphene is a very commonly used ovulation-inducing

agent the effectiveness of the treatment can only be judged

by the evidence of randomised controlled trials. The most

reliable evidence from a systematic review [34] showed data

relating to 1159 participants from seven trials there was no

evidence that clomiphene citrate was more effective than no

treatment or placebo for live birth (OR 0.79, 95 % CI

0.45–1.38; P = 0.41) or for clinical pregnancy per woman

randomised both with IUI (OR 2.40, 95 % CI 0.70–8.19;

P = 0.16), without IUI (OR 1.03, 95 % CI 0.64–1.66;

P = 0.91) andwithout IUI but using hCG (OR1.66, 95 %CI

0.56–4.80; P = 0.35). It should be noted that heterogeneity

between studies ranged from 34 to 58 %.

Gonadotropins

Gonadotropins are glycoprotein hormones that can be

extracted from urine of menopausal women or can be man-

ufactured in recombinant variants. They stimulate follicular

growth by acting directly on ovarian FSH receptors and have

no anti-oestrogenic effect on cervicalmucus or endometrium

such as clomiphene. A recent report confirms that ovarian

stimulation with low-dose hMG was superior to CC in IUI

cycles with respect to clinical pregnancy rate [5].

Thirteen studies identified systematically and involving

3081 patients demonstrated that expectant management

may be comparable to treatment with CC and timed

intercourse or IUI, while CC may be more effective than

letrozole. However, gonadotropins seem more effective

both oral agents and care was essential in managing

potential multiple births. More importantly, gonadotropins

with IUI for unexplained infertility were as effective as

IVF and ICSI [26]. However, adequately powered, ran-

domised controlled trials that compare all of the available

treatments for unexplained infertility were needed. There-

fore, despite its wide utilisation, IVF is no more effective

than IUI with gonadotropin.

Aromatase Inhibitors

Aromatase inhibitors suppress oestrogen production but do

not have the anti-oestrogenic effect of clomiphene citrate in

the late follicular phase and they may have fewer side
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effects than clomiphene [35]. A meta-analysis and sys-

tematic review [36] compared the efficacy of aromatase

inhibitors (letrozole, anastrozole) versus clomiphene citrate

for unexplained infertility, and the five trials support the

role of aromatase inhibitors in unexplained infertility

[36–38]. There was no significant difference between

compared arms according to pregnancy rate, pooled OR

0.87 (95 %CI 0.46–1.65, P = 0.666). The available data

are limited to unexplained infertility.

The Cochrane review [39] of 26 RCTs (n = 5560) of

aromatase inhibitors in women with anovulatory polycystic

ovary syndrome and infertility indicated letrozole signifi-

cantly increased live birth rate compared with clomiphene

citrate (OR 1.64) with no difference in rates of ovarian

hyperstimulation syndrome (OHSS; RR 0.00) and lower

rates of multiple pregnancy. In another study, women with

unexplained infertility, ovarian stimulation with letrozole,

resulted in a significantly lower frequency of multiple ges-

tations but also a lower frequency of live birth, as compared

with gonadotropin but not as compared with clomiphene.

After treatment with gonadotropin, clomiphene or letrozole,

clinical pregnancies occurred in 35.5, 28.3 and 22.4 % of

cycles, and live birth in 32.2, 23.3 and 18.7 %, respectively;

pregnancy rates with letrozole were significantly lower than

the rates with standard therapy (gonadotropin or clomi-

phene) (P = 0.003) or gonadotropin alone (P\ 0.001) but

not with clomiphene alone (P = 0.10). However, the num-

ber of follicles prior to insemination remains unknown, or

having an established strict cancellation policy prior to

insemination to obviate the risks of multiple births [40].

Intra Uterine Insemination (IUI)

The data which exist on IUI need to be interpreted with

caution given the biases in promoting more expensive IVF

treatments [1, 2]. Clearly the average pregnancy rate of

around 13 % per cycle, translating to around 25 % of the

women, is almost double than what most trials and published

data on IUI exist. Clearly optimising each IUI cycle outcome

begins to benefit womenmost ofwhomwill wish for the least

intrusive and least stressful procedures [1, 2], although the

IVF industry appears to rely on 25–50 % overuse of IVF

procedures. Therefore, the key message for IUI is to be able

to identify all contributing factors to construct a realistic

strategy in optimising pregnancy rates, while credibility can

only occur if risks of higher-order multiple births and OHSS

can be minimised. The use of clomiphene citrate and IUI,

over IUI alone, has not proved to be effective [34]. Clearly

the development of bifollicular IUI cycles potentially

increases the chance of achieving an IUI pregnancy by 3.4-

fold compared with unifollicular cycles [44]. This receives

support from the French prospective study where the

pregnancy rates alongside the number of mature recruited

follicles were significant (9.4 % for one vs. 15.2 % for two)

[45].

Problems in Presenting Evidence for and Against
IUI

Our basic understanding of infertility and definitions

remains inconsistent, and the literature is laden with

heterogeneous interpretations and practices of patient

treatment and data interpretation. In the general population,

of couples attempting conception, 84 % will conceive after

1 year and 92 % will conceive after 2 years. There is

enormous variation in suggested definitions for infertility

ranging from 2 years to 1 year [1, 2]. Currently, infertility

is 1 year of unwanted non-conception with unprotected

intercourse in the fertile phase of the menstrual cycle

failure to conceive after six cycles of unprotected inter-

course irrespective of age. IVF protocols are operating

optimally because of the commercial pressures, whereas

IUI not. Expectant management [41] is erroneously inter-

preted against suboptimal stimulation protocols for IUI and

against overuse of IVF procedures, thereby distorting

interpretations of efficacy.

In Cochran review [6], stimulated cycle IUI comparing

with IUI in a natural cycle, a significant increasewas found in

pregnancy rate per couple [42] (415 women; OR 2.33,

95 %CI 1.46–3.71) in favour of stimulated cycle. These

trials did not provide enough data regarding the adverse

outcomes such as multiple pregnancy, ovarian hyperstimu-

lation or miscarriage rate. If expectant management (EM) is

occurring alongside IUI, then the same is expected alongside

IVF treatments and there is no merit in fast tracking IUI

patients onto IVF. The randomised trial comparing IUI with

EM cannot be relied upon as a useful comparator as their

cohort included people with tubal pathology (e.g. one-sided

tubal occlusion and hence did not have unexplained infer-

tility) and some were treated with clomiphene citrate [2, 43],

while their PR per cycle started was 6.5 % with an ongoing

PR of 4.1 %, one of the lowest ever published success rates.

A live birth rate (LBR) of 11.0 % (14/127) for stimu-

lated IUI compared to 2.2 % (4/184) for EM was recorded

in one study [2], giving an odds ratio of 5.6 (95 % confi-

dence interval 1.8–17.4) in favour of superovulation and

IUI. A pregnancy rate (PR) per cycle of 8.7 % was recor-

ded for the IUI group (n = 85), which was lower than for

the IVF group at 12.2 % (n = 87) [42]. However, the

cumulative PR for IVF was not significantly better than for

IUI and couples in the IVF group were significantly more

likely than those in the IUI group to give up rather than

embark upon repeat treatments. They concluded that for

couples treated, IUI offered the same likelihood of
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successful pregnancy as IVF and was a more cost-effective

approach. According to this study, costs per pregnancy

resulting in at least one live birth were three times higher

following IVF compared to IUI [2].

Financial considerations make references to more

expensive hMG against CC usage is entirely misleading.

We cannot cost a pregnancy against the cost of drugs alone

without taking into account the whole infrastructure related

to the treatment cycle, for example consultation, baseline

examinations, multiple visits for ovulation monitoring,

scans, associated embryo freezing procedure, cost of mul-

tiple births, cost of abnormalities and the cost of failure

apart from the sheer human emotional investment.

Risks

Multiple births have been a single reason pitched against IUI,

but there is no evidence whatsoever regarding this in the

Cochrane reviews [1, 46, 47]. Careful monitoring of follicles

has reduced the absolute rate of multiple pregnancies to

0.3 % after monofollicular growth and 2.8 % after multi-

follicular growth [48]. The risk of multiple pregnancies is

estimated to increase by 6, 14 and 10 %according towhether

2, 3 or 4 follicles are stimulated, respectively [48].

The contribution of multiple pregnancies made by IUI in

the Netherlands was much smaller than the contribution

made by IVF [49]. Along with crucial monitoring to min-

imise higher-order births, IUI can become an even stronger

basis for first-line treatment.

Preliminary unpublished results from one of our clinics

using 150 hMG GnRH in 170 cycles led to 31.6 % of

cycles with I follicle (pregnancy rate of 18 %/cycle), 46 %

had 2 follicles (pregnancy rate of 18 %/cycle; 2 sets of

twins), while 22.5 % had 3 follicles (pregnancy rate of

26 % per cycle; no multiple births). Multifollicular

response will also be dependent on patient types, age, BMI

and variability in follicular responses can be expected.

While these risks need to be vigorously reviewed on a case-

by-case basis, it is clear that benefits can be derived in a

multifollicular environment and IUI.

Determinants of Success for IUI Cases

A major drawback in deciphering determinants of success

for IUI is that the procedure has been non-optimally prac-

tised against the bias of expensive IVF treatments. Clearly

ovulation induction and a need for multifollicular environ-

ment are beneficial [45]. Despite several leads on the con-

tributing factors for IUI such as women’s age, duration of

infertility, follicle numbers, endometrial thickness, ovula-

tion induction and timing of insemination, none of the

information has so far been presented in a way to serve as

guidance on improving IUI pregnancy rates. Male factor

influences seem confined to the availability of at least 3

million motile progressive sperm for IUI, and this limitation

can be overcome with the use of a ‘consecutive ejaculate’

provided adequate profiling is performed beforehand on

subfertile males. Factors such as timing of insemination,

endometrial thickness, BMI, number of cycles of IUI and

catheter types, post-insemination resting, need to be recog-

nised. Incorporating AMH tests to tailor the ovulation

induction regimesmay help outcomes. Clinicswill recognise

a significant numbers of pregnancies will occur an alterna-

tive rest cycles without treatment but with sexual timed

intercourse. It may be the previous months’ gonadotropin

effects may be beneficial, but a properly conducted study

needs to be performed to confirm this observation, apart from

providing an insight into unexplained infertility. Clearly

more research is required to find optimal IUI conditions

before resorting to IVF procedures.

What is Effective?

Much depends on having a strict cancellation policy to

minimise risks and having informed choices for patients

[5]. Reports with pregnancy rates of 13–20 % per cycle

[1, 2] had in common the usage of 75–150 iu hMG. The

reasons for the treatment were unexplained, male factor,

endometriosis, female factor, cervical factor, mixed.

Common to all these was the use of ovulation triggering

dose of 10,000 iu hCG. In contrast, the same studies

reported pregnancy outcomes of 4–7 % per cycle for the

CC stimulated cycles. A French prospective study indi-

cated that the use of GnRH antagonists has a positive effect

on the delivery rate, especially in the multifollicular stim-

ulations. The overall live birth rate was 11.4 % per cycle,

varying from 8.4 to 17.6 % between centres. The main

differences in practice that had a statistically significant

impact on the delivery rate were the use of GnRH antag-

onists (15.2 % with vs. 9.4 % without) and the number of

mature recruited follicles (9.4 % for one vs. 15.2 % for

two) [45].

Summary

IUI has been a poorly practised at the expense of more

expensive IVF treatment, with greater associated risks and

complexity. It is becomingmore apparent that IUI if practised

efficiently can provide equally good pregnancy rates for over

74 million couples worldwide who may not have access to

complex IVF facilities. Furthermore, the CC-induced IUI

cycles were never analysed for the optimal trigger time and
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only recently have the differences in follicle sizes been noted

for hMG and CC cycles. More women getting pregnant with

low-cost IUIwill also help funding bodies to be able to pay for

3 IVF cycles in womenwho absolutely needmore IVF cycles.

Clinics needa database to allowa real-timemonitoringof their

progress and our clinics havemadeprogressive improvements

over the years to shift pregnancy rates from around 7 % per

cycle to around 20 % per cycle with almost 25–33 % of the

cohort becoming pregnant. It appears the biggest determinant

in the success of IUI is the clinical management of the patient.

Numerous publications exist with good pregnancy rates and

the methods need to be emulated. It appears that 150 iu hMG

and 10,000 iu hCG appear to provide pregnancy rates at the

upper levels of 13–20 %per cycle andCCcycles appear to lag

considerably in pregnancy rates probably because optimisa-

tion of CC cycles never occurred. In future, AMH profiles

need to be applied to IUI patients in order to tailor the dose of

the gonadotropin. Unlike IUI, IVF constitutes amore invasive

treatment process involving higher dosage of controlled

ovarian hyperstimulation, anaesthesia and oocyte aspiration

medical procedures, while there appear issues of possible

increased risk in imprinting disorders for subsequent genera-

tions suggested to be caused by the embryo culture in vitro

[50].

Conclusion

The future of IUI is promising if every IUI cycle is opti-

mised and the pregnancy rates can be even higher if most

cycles were performed with 2 follicles using hMG which

also allows for a greater thickness in the endometrium

compared to CC cycles. Whatever option is used there

needs to be a strict cancellation policy if C3 mature folli-

cles are present to minimise multiple births. The use of

‘consecutive ejaculate’ is a new concept in overcoming

male factor problems in IUI. For patients, the largest

benefit is the least intrusive and least psychologically

demanding procedure and one which can benefit a much

bigger sub fertile global population.
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