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Abstract  
Since Intra-uterine insemination IUI requires the isolation of motile spermatozoaatozoa, 
advances in andrology research has helped understand the physiology of male germ cell and 
allowed  development of better and more sophisticated techniques to separate functional 
spermatozoaatozoa from those that are immotile, have poor morphology or are not capable to 
fertilize oocytes. When compared with other techniques, Density Gradients Centrifugation 
(DGC) technique allows maximum yield of motile spermatozoa. Several density media like 
IxaPrep, Nycodenz, SilSelect, PureSpermatozoa and Isolate have been developed to replace 
Percoll which, was banned in 1996 due to risk of contamination with endotoxins. Semen 
analysis, according to the revised, WHO (2010) criteria should be carried out prior to 
processing the sample. Although sophisticated testing—such as DNA fragmentation analysis, 
oxidative stress analysis and spermatozoa evaluation for genomic, proteomic and metabolic 
factor are in research phase, it is more than likely that in future these will help in assessing the 
suitability of the sample in certain cases of male factor or unexplained infertility. The 
isolation of functional spermatozoaatozoa from highly viscous ejaculates is a challenge that 
can be performed enzymatically to liquefy the ejaculate.  Special care should be taken when 
processing HIV, Hep B and Hep C, positive samples. Prior to insemination, the processed 
sample should be tested to ensure the absence of HIV, Hep B and Hep C. There is no 
agreement between Andrologists as to what should be the minimum motile count for IUI to be 
successful. Pregnancies have been reported with counts in range of 1 – 10 million motile 
spermatozoas. Morphology of the processed sample has limited influence on the final 
outcome. Finally, single insemination 40 h after the hCG injection should be performed using 
a soft catheter. Normally, 2nd insemination 24 hrs later is only indicated when the follicle has 
not ruptured at 40 h post hCG injection. 
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Introduction 
Intra-uterine Insemination (IUI) with 
homologous (IUI-H) or donor semen (IUI-D) is 
frequently used as a first choice of treatment 
for many infertile couples worldwide (Zegers-
Hochschild et al., 2006a,b). The procedure 
involves placing a relatively high number of 
washed motile spermatozoaatozoa 
transcervically into the uterine cavity, at the 
time of ovulation (Keck et al., 1997). Although 
in 1770, John Hunter performed the first 
documented application of artificial 
insemination using husband spermatozoa 
(AIH) (Health Status: Infertility Services, 2006), 
it was not until 1962 when Cohen published 

the first paper entitled intra-uterine 
insemination (IUI) (Cohen, 1962). 
The IUI technique is widely used to treat both 
male and female infertility disorders (Keck at 
el., 1997) such as severe hypospadias, 
retrograde ejaculation, impotence, vaginismus, 
poor post-coital tests and immunological 
infertility (Ombelet et al., 2003). As comparable 
pregnancy rates have been reported when the 
IUI procedures were carried out by physicians 
and nurses, in some busy centres, IUI 
procedure is now nurse-led (Klein et al., 2007). 
Success of any IUI program is influenced by 
correct, semen analysis parameters, 
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techniques used for spermatozoa preparation, 
and the timing and number of inseminations.  
The use of ovulation induction agents, such as 
Clomiphene Citrate (CC) or Gonadotrophins, 
natural or controlled ovarian hyperstimulation 
(COH) cycles also play a role. 
 
Even though the overall success rate still 
remains controversial, a 10-20% clinical 
pregnancy per cycle is an acceptable range for 
all aetiologies (Allen et al., 1985; Ombelet et 
al., 1995). Recent data from 22 countries, 
compiled by the European IVF – monitoring 
consortium, observed a mean delivery rate of 
8.5% and 12.4% per cycle in the IUI-H and IUI-
D groups respectively. The multiple delivery 
rates in both the groups were similar. The 
authors also documented the influence of age 
on delivery rates ~ 9.2% below 40 versus 4.1% 
above, for both the IUI-H and IUI-D groups (de 
Mouzon, et al., 2010).     
                    
This review will discuss how recent advances 
in laboratory techniques have evolved to 
influence the treatment protocols and the 
pregnancy rates in IUI. Areas considered will 
include, the extent of IUI utilization, the 
indications for IUI, the optimal procedures for 
spermatozoa preparation, insemination 
methods and timing and number of 
inseminations. 
                                                    
Indications            
Effectiveness of IUI with or without ovarian 
stimulation relies on strict diagnosis including, 
spermatozoa analysis and spermatozoa 
function tests. As the majority of infertility 
involves factors that are untreatable or 
unknown, IUI is frequently used as an 
empirical treatment.  Obvious indications 
include cervical factor, ovulatory dysfunction, 
minimal and mild endometriosis, 
immunological causes, male factor and 
unexplained infertility. Even 
oligospermatozoaic patients waiting for in vitro 
fertilization (IVF), or when in women with 
patent tubes IVF is not affordable, have 
benefited from IUI.  IUI-D has also resulted in 
successful treatment outcomes (Bensdorp et 
al., 2007).    
 
Although IUI pregnancy rates are influenced by 
many factors including the woman’s age, the 
length of infertility, indication (type of infertility), 
the spermatozoa count in the initial analysis or 
in the catheter, the number of mature follicles, 
the E2 concentrations on the day of hCG 
administration, and type of catheter used; no 
agreement exists amongst the investigators as 
to the nature and ranking of these criteria. 

 
A failed IUI cycle in unexplained infertility could 
be due to poor quality of oocyte, patent tubes 
being non-functional or failure of uterine 
receptivity and implantation. In vivo it is difficult 
to assess the quality of the developing oocyte 
and the functionality of a patent tube to 
transport the oocyte. Moreover, total 
fertilization failure does not seem to be a 
dominant feature in patients who undergo IUI 
for unexplained infertility (Tanahatoe et al., 
2009). It has been suggested, that structural 
defects in chromosomes may be the cause of 
75% post-fertilization failure rate (Mastenbroek 
et al., 2007; Swain and Pool, 2008). 
 
As each enzyme involved in completion of four 
stages of implantation, viz:  apposition, 
adhesion, attachment and invasion 
(Fazleabas, 2007; Mardon et al., 2007; Tapia 
et al., 2008) is a gene product, it is highly 
probable that failure of implantation may arise 
from de novo or inherited genetic defects. 
Further, as implantation success is highly 
dependent on the numerous enzymatic 
processes  involved in completion of four 
stages, apposition, adhesion, attachment and 
invasion (Fazleabas, 2007; Mardon et al., 
2007; Tapia et al., 2008) and, since each 
enzyme is a gene product, it is highly probable 
that failure of implantation may arise from de 
novo or inherited genetic defect. 
 
IUI is contraindicated in women with cervical 
atresia, cervicitis, and endometritis or bilateral 
tubal obstruction and in most cases of 
amenorrhea or severe oligospermatozoaia.                                                  
 
Although IUI is prescribed in a wide variety of 
presumed diagnosis even if in some of them 
the rational for its use would be debatable, it is 
very important that service providers 
acknowledge the fact that if IUI is performed by 
less qualified personnel, under less stringent 
conditions, with poor techniques and using 
wrong media, adverse outcomes such as life-
threatening condition due to anaphylaxis 
following IUI is a very strong possibility. 
 
IUI procedures and insemination methods 
 
Semen preparation 
At the time of coitus, potentially fertile 
spermatozoaatozoa separate themselves from 
immotile spermatozoaatozoa, debris and 
seminal plasma in the female genital tract by 
active migration through the cervical mucus 
(Mortimer 1989).This process also helps male 
germ cells undergo capacitation, which is a 
fundamental prerequisite for the spermatozoa’s 
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functional competence with regard to 
acrosome reaction (Bedford 1983; 
Yanagimachi 1988).  Prolonged exposure to 
seminal plasma results in marked decline in 
both spermatozoa motility and vitality, and can 
diminish the fertilizing capacity of human 
spermatozoaatozoa (Rogers et al., 1983; 
Mortimer 2000; Bjorndahl et al., 2010). Further, 
as seminal plasma contains prostaglandins, 
which are known to cause uterine cramping 
when placed directly into the uterus, it is 
necessary to separate ejaculated human 
spermatozoaatozoa from the seminal plasma 
quickly and efficiently.  Insemination with 
unprocessed semen has also been reported to 
be associated with pelvic infection (Boomsma 
et al., 2007), and impaired spermatozoa 
fertilizing ability (Kanwar et al., 1979). 
Spermatozoaatozoa should not be exposed to 
reactive oxygen species (‘ROS’- free radicals) 
during handling and processing (Aitken 1995; 
Aitken and Clarkson 1987, 1988; Aitken et al., 
1998). Spermatozoa processing should 
therefore, select a fraction of highly motile, 
morphologically normal spermatozoa, free of 
inflammatory cells (white blood cells) debris, 
and seminal fluid. 
 
Techniques 
The introduction of assisted reproduction 
technology (ART), especially of IVF, has led to 
development of different spermatozoa 
preparation methods which have been detailed 
in various reviews (Mortimer 1994a, 2000; 
Bjorndahl et al., 2010). In principle, these 
techniques can be differentiated in migration, 
density gradient centrifugation (DGC) and 
filtration. 
 
The self-propelled movement of 
spermatozoaatozoa is an essential prerequisite 
for migration methods. DGC and filtration 
techniques are based on a combination of 
spermatozoa cells’ motility and their retention 
at phase borders and adherence to filtration 
matrices respectively.  Direct swim-up from 
semen, swim-up from washed pellet, swim 
down migration (Tea et al., 1984; Zavos et al., 
2007), combined migration-sedimentation, 
migration sediment-ation, density gradient 
(Makkar et  al., 1999; Sills et al., 2002), glass 
wool (Paulson and Polakoski 1977; Van der 
Ven et al.,1988), sephadex columns, glass 
beads and transmembrane migration (Drobnis 
et al., 1991; Agarwal et al., 1991) techniques 
have been used by different laboratories to 
achieve a better motile spermatozoa count. 
 
It has been established that simple dilution and 
washing technique can induce severe damage 

to the spermatozoaatozoa due to the 
generation of free radicals during the 
centrifugal washing steps (Aitken and Clarkson 
1988; Mortimer 1991).  However, use of 
density gradients has allowed separation of 
more functional spermatozoaatozoa which 
have less DNA damage compared with swim-
up spermatozoaatozoa. This ensures delivery 
of a better quality chromatin to the embryo at 
the time of fertilization (Sakkas et al., 2000; 
Tomlinson et al, 2001; O’Connell et al., 2003; 
Mehta 2010).  
 
The ideal spermatozoa preparation technique 
should (i) be quick, easy and cost-effective, (ii) 
isolate as much motile spermatozoaatozoa as 
possible, (iii) not cause spermatozoa damage 
or non-physiological alterations of the 
separated spermatozoa cells, (iv) eliminate 
dead spermatozoaatozoa and other cells, 
including leukocytes and bacteria, (v) eliminate 
toxic or bioactive substances like 
decapacitation factors or reactive oxygen 
species (ROS), and (vi) allow processing of 
large volume of ejaculates. Further, the choice 
of technique should be directly dependent on 
the quality of the ejaculate. In a conventional 
swim-up technique; functional 
spermatozoaatozoa can come into close cell-
to-cell contact with defective spermatozoa or 
leukocytes by centrifugation, thus causing 
massive oxidative damages of the 
spermatozoa plasma membrane by ROS and 
consequently of spermatozoa function (Aitken 
and Clarkson 1988). A  Cochrane systematic 
review of spermatozoa preparation techniques 
has concluded that there were insufficient 
randomized studies to choose the best method 
(Boomsma et al., 2007). 
 
This review will discuss the use of DGC as the 
method of choice for spermatozoa preparation 
for IUI. 
 
 
Density Gradients 
The methodology for DGC comprises of 
continuous (Bolton and Braude 1984), or 
discontinuous gradients (Pousette et al., 1986). 
With continuous gradients, there is a gradual 
increase in density from the top of the gradient 
to its bottom, whereas the layers of 
discontinuous gradient show clear boundaries 
between each other. 
 
When Percoll (Pharmacia Biotech 1996), was 
banned due to the risk of contamination with 
endotoxins, several density gradients -  silane-
coated silica particles such as 
PureSpermatozoa (Nidacon laboratories AB, 
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Gothenburg, Sweden) Isolate,(Irvine Scientific, 
Santa Ana, Ca, USA) IxaPrep (Medicult, 
Copenhagen, Denmark) and SilSelect 
(FertiPro N.V., Beernem, Belgium), were 
developed and are commercially available as 
100 % or pre-diluted 40% and 80% (v/v) 
solutions, for two-step discontinuous gradients. 
They are adjusted for the osmolality with 
polysucrose and have very low toxicity. They 
all perform optimally with the vast majority of 
the clinical semen samples encountered in 
clinical ART.  
 
Spermatozoa recovery rates, motility, viability, 
normal spermatozoa morphology and velocity 
parameters like VAP or VCL vary considerably 
among different working groups using different 
density material (Claassens et al., 1998; Chen 
and Bongso 1999; McCann and Chantler 2000; 
Soderlund and Lundin 2000).  Possible 
reasons for these observations can be 
attributed to the different conditions of the 
spermatozoa separation, e.g. volume of semen 
to be separated, g-force, centrifugation time or 
the number of layers of the gradient used and 
reflects the important role of methodology. 
 
Spermatozoa Buffer 
As centrifugation is usually performed under 
air, rather than in a CO2 enriched atmosphere, 
and also in order to prevent premature 
spermatozoa capacitation, DGC preparation 
must use a zwitterion-buffered medium (e.g. 
HEPES or MOPS) rather than bicarbonate-
based medium.  
 
For the final IUI preparations, this spermatozoa 
‘buffer’ should also be employed because if the 
spermatozoaatozoa undergo capacitation 
during prolonged incubation prior to 
insemination, their hyperactivated motility 
might compromise their ability to traverse the 
utero-tubal junction (Mortimer, 1994b; 
Bjorndahl et al., 2010). Although, HEPES has 
been reported to be toxic or detrimental to 
embryo development in in vitro culture (Morgia 
et al., 2006) no randomized studies have been 
reported to show a direct effect of HEPES on 
endometrial cells or on the IUI pregnancies. 
Our pilot studies, have shown no difference in 
the percentage of spermatozoa survival after 
24 hrs in  the presence of different 
concentration of HEPES when added to in vitro 
endometrial cell cultures (unpublished data). 
Based on these observations, it is fair to 
assume that any possible toxic effects of 
HEPES is of no consequence since it will be 
greatly diluted after insemination.  Most of the 
commercially available media suggest that the 
spermatozoa ‘buffer’ should contain a 

minimum of 10mg/ml of human serum albumin 
(HSA) to protect the spermatozoa. However,  a 
protein-free medium (PFM) marketed by 
CellCura, Norway (PFM-11TM), has shown to 
generate better quality embryos and higher 
pregnancy rates when compared with  those 
obtained with media containing HSA (Ali, 
2000). Advantages of PFM are to prevent 
transmission of protein-bound pathogens and 
there is no batch- to- batch variation.  The PFM 
media contains both HEPES and bicarbonate 
in correct concentrations. 
 
It has been shown that bicarbonate is a major 
secretory component of the fallopian tube that 
stimulates spermatozoa respiration (Foley and 
Williams. 1967), and is also postulated to be 
beneficial for fertilization (Brackett and 
Mastroianni 1974). The later appears to be 
supported by its effect on capacitation, 
induction of acrosome reaction (Boatman and 
Robbins 1991; Sabeur and Meizel 1995; Aitken 
et al., 1998) and hyperactivated motility, which 
in turn is necessary for successful zona 
penetration (Stauss et al., 1995).  Further, 
Wennmuth et al, (2003), have observed that 
bicarbonate facilitates the opening of voltage-
gated Ca2+ channels, which are eventually 
involved in the increase in the flagellar beat 
frequency shortly after stimulation. Thus, 
bicarbonate is an important mediator of 
spermatozoa cell function. Unpublished results 
of a prospective clinical trial with 100 patients 
in one arm of the study have reported a 
pregnancy rate of 25% per cycle using PFM for 
IUI (Mehta and Mahajan, verbal 
communication). Therefore, media with 
enhanced levels of this anion might be helpful 
for spermatozoa preparation. Additional 
advantage of PFM is that it doesn’t require a 
CO2 incubator to maintain the pH as both 
HEPES and bicarbonate are present in correct 
concentrations to maintain the buffering 
capacity.  the use of incubator due to the 
presence of HEPES and bicarbonate. 
 
Method  
Silane-coated silica particles 100% is used to 
make 40% and 80% density gradients using 
the spermatozoa wash buffer used for 
spermatozoa preparation. These dilutions can 
be sterilized using 0.22µm Millipore Milex –GV 
filters and stored at 40oC until required.  On the 
day of spermatozoa preparation, diluted 
gradients are allowed to equilibrate at 37oC 
prior to use. Layers of 40% and 80% gradients 
are prepared fresh. 
 
Prepare two sterile 15 ml conical tubes for 
DGC.  2 ml of 40% gradient is first placed in 



13 
Intrauterine insemination 

the tube and the same amount of 80% is gently 
layered under the 40%. It is important to 
ensure that a clear demarcation, separating 
the two layers is achieved. Mixing of these two 
layers will not result in a clean preparation. 
Alternatively, the 80% can be placed first 
followed by gently layering 40% on top of the 
80%. Maximum of 2 ml of liquefied semen 
sample should than layered on top of the 40% 
layer and the tubes centrifuged at 300 gmax 
for 20 minutes. A spermatozoa pellet would be 
evident at the tip of the conical tube. 
 
Using a sterile Pasteur pipette carefully 
remove; first the seminal plasma, interface 
between seminal plasma and 40% before 
removing the entire 40% layer, followed by the 
interface between 40% and 80% and discard.  
Gently aspirate the spermatozoa pellet directly 
from the bottom of the 80% gradient using a 
fresh sterile Pasteur pipette without mixing the 
80% layer. This procedure ensures that no 
seminal plasma or any other cellular debris 
trapped at the interfaces is mixed with the 80% 
gradient containing the spermatozoa pellet. 
Transfer pellets from both the tubes to a single 
clean 15 ml conical tube and resuspend in 5-
10 ml of spermatozoa wash buffer, depending 
on the size of the pellet. Check the 
concentration of progressively motile 
spermatozoa. Centrifuge the tube for a further 
10 minutes at 500 gmax. Remove the 
supernatant with a sterile Pasteur pipette 
without disturbing the pellet and resuspend the 
pellet in a known volume of the spermatozoa 
buffer media to achieve the final required 
number of motile spermatozoas. Normally, the 
preparation should have a minimum 
progressively motile count of 2.5 million 
spermatozoa per insemination. While there is 
no agreement on the volume to be 
inseminated, clinics have used between 0.2 ml 
to 1 ml. When a perfusion technique is used for 
insemination, the pellets are resuspended in a 
volume of 4 ml.  Transfer the prepared 
spermatozoa to a sterile 5 ml, round bottom 
tube and place it tightly capped in a 37oC 
heating block, until ready for insemination. 
Assess the concentration and motility of the 
prepared spermatozoa. 
 
Depending on the layering of the gradients and 
also the technique used to aspirate various 
layers, it is possible that <2-5% of immotile or 
dead spermatozoa may be present in the final 
spermatozoa preparation. This would be of no 
clinical significance and there is no need for a 
further step, such as swim-up as it will have no 
benefit and can possibly compromise 
spermatozoa function or survival. 

 
 
Processing of the sample 
Prior to processing a semen sample, it is 
essential that a semen analysis be carried out 
to establish the initial concentration of the 
progressively motile spermatozoa and the 
presence of cellular debris including any 
contaminations of particulate debris. 
Processing method should be adjusted to 
ensure better recovery of the progressively 
motile spermatozoa. 
 
 
Poor quality specimens 
If the semen sample has a low spermatozoa 
concentration with reduced progressive motility 
of <30%, laboratories have used less dense 
gradients for DGC procedure. In the author’s  
laboratory a 30% and 60% gradients layers of 
1 ml have been used. In addition to a low 
concentration of progressively motile 
spermatozoa being harvested, we have also 
observed 10-15% non-progressive and 
immotile spermatozoa in the final preparation. 
IUI success rates in this group of patients are 
very low, <5 % (Mehta unpublished data) and 
insemination with a high proportion of non-
progressive and immotile spermatozoas is not 
recommended. 
 
  
Semen specimens with high cellular debris 
If a semen sample contains high numbers of 
cellular debris, or is heavily contaminated with 
particulate debris, the ‘rafts’ formed at the 
interfaces between either the seminal plasma 
and 40% density gradient layer or the 40% and 
80% density gradients layers might be too 
dense and ‘clog’ the gradient, drastically 
reducing the yield of spermatozoaatozoa. To 
prevent this, load the gradients with a small 
volume of the semen sample, less than 0.5 ml. 
This possibly will require more than two 
gradient tubes. Instead of 2ml gradients 
prepare 3 – 3.5 ml gradients. At the time of 
layering the semen sample, on the 40% 
gradient, gently mix it with the upper 10% of 
the layer.  
 
 
Highly viscous semen specimen 
In order to reduce the viscosity and achieve a 
better yield of progressively motile 
spermatozoa, mix the semen sample with 
equal volume of spermatozoa buffer media 
prior to layering. Mix it gently using a sterile 
Pasteur pipette. If the sample fails to disperse 
in 2-3 minutes, place it in a 37oC incubator for 
10-15 minutes. Mix the diluted sample gently 
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and layer it on 40% gradient as described 
earlier. Use of 18G needle to reduce the 
viscosity by shear force should be avoided as 
this procedure damages the 
spermatozoaatozoa severely and is 
detrimental to the spermatozoa function (Knuth 
et al., 1989). Alternatively, use of 0.2% solution 
of α-amylase or enzymes like α-chymotripsin, 
lysozyme or hyluronidase has been 
recommended. Recently, a special trypsin-
based dissolving solution, SpermatozoaSolute, 
has been used (Figenschau and Bertheussen 
1998). It is essential that on liquefaction, the 
enzyme is quickly washed using spermatozoa 
buffer media to prevent any damage to the 
spermatozoaatozoa. The resulting pellet after 
the wash is re-suspended in 5ml of 
spermatozoa wash medium and gently layered 
on 40% gradient and processed as described 
earlier.   
Retrograde ejaculate urine specimens 
A retrograde ejaculated sample is separated 
from urine after centrifugation at 500gmax for 
10 minutes and diluted by adding spermatozoa 
buffer media. The re-suspended spermatozoa 
pellet is gently layered on a 40% gradient and 
processed as described earlier. 
 
HIV- Infected semen sample 
Fertility assistance to immunodeficiency virus 
(HIV) positive men is now an acceptable 
practice in many parts of the world. Guidelines 
for reducing the risk of viral transmission 
during fertility treatment has been reviewed 
extensively (The Practice Committee ASRM. 
2008). Although,  the number of studies with 
different methods of processing HIV infected 
semen sample have been reported, a 
combination of DGC followed by swim-up to 
eliminate viral RNA and proviral DNA present 
free in seminal plasma and non-spermatozoa 
cells is the recommended method (Gilling-
Smith et al., 2006; Savasi et al., 2007). These 
procedures allows the separation of virus 
infected non-spermatozoa cells and seminal 
plasma (in the density-gradient supernatant) 
from HIV-free, motile spermatozoaatozoa in 
the swim-up (from the density-gradient pellet).  
Once prepared, it is necessary to test the 
sample by reverse transcription polymerase 
chain reaction (RT-PCR) before use (Lesage 
et al., 2006).  Only HIV-free samples should be 
used for insemination. Even though the results 
so far are encouraging, it is necessary to 
confirm that the procedures of spermatozoa 
preparation discussed here will eliminate risk 
from HIV infection. Cryopreservation of 
biological material, especially donor 
spermatozoa, further suffers from the risk of 
cross-contamination (Cobo et al., 2012). It is 

likely that once liquid nitrogen (LN2) is 
contaminated, stored semen samples could 
also become contaminated as LN2 itself can be 
considered a potential source of pathogenic 
agents during cryopreservation. Gilling-Smith 
et al., (2005), therefore, recommended that this 
technique should be confined to a secure 
facility to minimize the risk of cross-
contamination of HIV-free samples.  
 
Cryopreserved semen samples 
Since the osmolality of semen cryoprotectant is 
high, the spermatozoaatozoa will swell greatly 
upon entering the 40% density layer and 
become too buoyant to pass through the 
density gradient. It can also cause impairment 
to spermatozoa function or even survival. 
Steps that are necessary to avoid this 
happening are to slowly dilute the thawed 
cryopreserved semen with 5x volume of 
spermatozoa buffer medium adding it drop-
wise with constant gentle mixing over a period 
of 15 minutes. Gently layer the diluted 
specimen on two pairs of gradients prepared in 
the conical tubes. Process the sample as 
described before. This will maximize the yield 
of motile spermatozoa.  
 
Quality of the specimen – Male Factor 
Infertility 
Cooper et al., (2010), have published updated 
reference values for human semen analysis 
from the WHO. It is important to note that the 
new guidelines include significant changes 
from the previous versions, and ranges 
reported are not ‘normal’ ranges but rather 
information on the 95th percentile of semen 
analysis data. As such, they inform the reader 
that 95% of men who achieve pregnancy within 
12 months of trying will have spermatozoa 
concentrations of >15 million cells/ml, >40% of 
observed spermatozoa demonstrating good 
movement, and >4% of spermatozoa with 
normal morphology. The updated reference 
ranges were collected from multicenter, 
multinational studies encompassing 1,953 men 
for whom the time to achieve pregnancy was 
<12 months. Unfortunately, these criteria do 
not predict the likelihood of achieving a 
pregnancy in the following 12 months.  
 
In order to define the predictive significance of 
semen analysis, there is a need for further 
sophisticated testing—such as DNA 
fragmentation analysis, oxidative stress 
analysis and spermatozoa evaluation for 
genomic, proteomic and metabolic factors—in 
certain cases of male factor or unexplained 
infertility. For example, a patient whose semen 
parameters fall within the new reference 
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ranges but has not achieved pregnancy might 
benefit from DNA fragmentation testing to 
identify subtle spermatozoa abnormalities 
(Mehta 2010) 
 
Although various authors have debated, what 
should be the lower limits of spermatozoa 
quality for IUI,  no consensus has been 
established as the definition of lower limits has 
varied from - spermatozoa concentration per 
milliliter or as the total number of motile 
spermatozoaatozoa in the semen sample or as 
total number of motile spermatozoaatozoa in 
the sample for insemination. It is therefore 
difficult to advocate when to offer ICSI rather 
than IUI.  
 
  
Spermatozoa Count 
A clinical pregnancy rate of 41.7% per couple 
with normal spermatozoa count, motility and 
abnormal forms has been reported (Merviel et 
al., (2010). However, the same authors have 
also confirmed a reduction to 13.4% clinical 
pregnancy rate per couple for 
oligospermatozoaic and asthenospermatozoaic 
samples. With respect to spermatozoa count, 
the recommended lower limit ranges from 3 
million motile spermatozoa (Strandell et al., 
2003), to 5 million (Khalil et al., 2001b, Miller et 
al., 2002; Sakhel et al., 2005) to 10 million per 
insemination (Kahn et al., 1992a, b; Van 
Voorhis et al., 2001, Belaisch-Allart et al 
(1999). These studies suggest a possible 
relationship between the number of 
spermatozoaatozoa and the pregnancy rate. 
 
Spermatozoa Motility 
Although, no link has been established 
between percentage of motile 
spermatozoaatozoa and the pregnancy rates 
(Belaisch-Allart et al., 1999), a two fold 
increase in pregnancy rate was observed if the 
motility exceeded more than 20% (Sakhel et 
al., 2005). However, when more than 70% 
immotile spermatozoa were present, a 
decrease in pregnancy rate from 40.9% 
to19.3% was documented (Merviel et al., 
2010). However, a better pregnancy rate is 
obtained in IUI, when more than 10 million 
motile spermatozoa are collected (Horvath et 
al., 1989; Dickey et al., 1999; Van Voorhis et 
al., 2001). Similarly, a pregnancy rate of 28.5% 
has been possible with a lower threshold of <5 
million motile spermatozoa (Huang and Lai 
1996; Marvel et al., 2010).  It is worth noting 
that when <1 million motile spermatozoaatozoa 
were inseminated a pregnancy rate of 2.9% 
per cycle was achieved, raising the question as 
to what is the lowest percentage of motile 

count that can achieve a pregnancy. Based on 
these observations, it is worth advocating IUI 
treatment, possibly three cycles, even if the 
spermatozoa count and motility is poor.  
 
Spermatozoa Morphology 
The Tygerberg ‘strict’ criteria (Kruger et al., 
1986, 1987; WHO 1999) and WHO criteria 
(2010) have been the most commonly reported 
criteria for spermatozoa morphology evaluation 
world-wide.  Influence of spermatozoa 
morphology on the final outcome has 
extensively been reviewed by Burr et al., 
(1996), who reported a drop in the pregnancy 
rate from 18.2% to 4.3% per cycle when the 
teratospermatozoaia reached 90%.  Although, 
Belaisch-Allhart et al., (1999), suggested that 
no IUI should be carried out with a 
teratospermatozoaia rate over 80%, Wainer et 
al., (2004) argued against this with 
documented pregnancy rates when they used 
more than 5 million motile spermatozoa for 
insemination. It is therefore, not possible to 
draw any conclusion with regards to the cut- off 
percentage for teratospermatozoaia beyond 
which no IUI should be considered. With the 
revised spermatozoa morphology criteria it is 
necessary to further evaluate these studies 
(WHO 2010). 
 
Mode of insemination 
In IUI the processed spermatozoa suspension 
is deposited into the uterus with a small 
catheter, usually without imaging guidance. It 
is normally performed by introducing a 0.2–0.5 
ml spermatozoa suspension. Mervilel et al., 
(2010) reported a higher pregnancy rate of 
15.3% per cycle using a soft catheter when 
compared with a hard catheter (7%). Under 
ultrasound guidance less endometrium 
damaged was observed with soft catheter 
when compared with hard catheter (Lavie et 
al., 1997). These findings were confirmed by 
Miller et al., (2005).  Fallopian tube 
spermatozoa perfusion (FSP) is also 
commonly practiced and involves very gentle 
insemination of about 4ml of spermatozoa 
suspension. This technique allows large 
volume of fluid to fill the uterine cavity and 
Fallopian tubes. It has been suggested that the 
fluid may also end up inside the peritoneal 
cavity (Kahn et al., 1992a). In two trials among 
patients with unexplained infertility, results with 
FSP were better than with IUI (Kahn et al., 
1993; Cantineau et al., 2003). For other 
indications, there is not sufficient data to 
suggest that FSP is better than IUI. In the 
author’s laboratory, a prospective study of 100 
patients each, for FSP and IUI insemination, 
demonstrated no significant difference in 
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pregnancy rates in age matched patients 
(Mehta unpublished data). 
 
Timing of insemination 
Although, timing of ovulation appears to be one 
of the important factors to determine the 
success of IUI treatment, the most important 
aspect of the treatment is to provide 
spermatozoa that are capable of fertilizing the 
oocyte at the site of fertilization during narrow 
time window (Ragni et al., 2004).  Normally, 
insemination is done 32-36hrs following 5.000 
IU – 10,000 IU administration of hCG.  A 
Cochrane review found no difference in the 
pregnancy rate per couple with two 
inseminations compared with single 
insemination (Cantineau et al., 2003). On 
average in our unit we inseminate at 40hrs 
post hCG injections and only a single 
insemination is carried out. Analysis of our 
preliminary data of a randomized, prospective 
study with 100 patients in each arm of the 
study,  two inseminations 24hrs apart and 
single insemination at 40hrs has demonstrated 
no significant difference in the pregnancy rates 
(Mehta unpublished data). To be cost effective 
and of clinical significance it is appropriate to 
advocate a single insemination. Our clinical 
policy advocates second insemination 24hrs 
later for those patients who have not ovulated 
40hrs post hCG at the time of insemination. 
 
 
European guidelines for IUI and the 
prevention of multiple pregnancies  
IUI guidelines by regulating authorities have 
been published following significant advances 
in clinical and laboratory practices (Haagen et 
al., 2006) Although, only four (Denmark, 
England and Wales, France and the 
Netherlands) out of 25 European countries 
have issued IUI guidelines, due to the quality 
of these guidelines being adaptable, many 
clinics in the rest of the Europe have 
implemented them in their routine practice.  
Further, as prevalence of multiple pregnancies 
has been on the increase, especially with the 
IUI, in cycles stimulated with classical doses of 
FSH, one of the recommendations is not to 
offer ovarian stimulation for unexplained 
infertility (National Institute for Clinical 
Excellence, 2004). 
 
However, the attitudes of couples undergoing 
IUI are more in favor of multiple gestational 
pregnancies than those of IVF patients. 
Multiple pregnancy rates range from 10 to 40% 
and have not changed in more recent reports 
(Nan et al., 1994; Guzick et al., 1999; Gleicher 
et al., 2000; Goverde et al., 2000; Tur et al., 

2001; Fauser et al., 2005; van Rumste et al., 
2006, Veltman-Verhulst et al., 2011).  
 
  
Conclusions 
In conclusion, although, different spermatozoa 
separation methods are available, which can 
be applied, to protect the male germ cells from 
the detrimental influence of free radicals, for 
patients with elevated ROS levels in the 
ejaculate or with proven or suspected genital 
tract inflammations, the gentle method of DGC 
should be used. There are number of density 
gradients available on the market, none is 
more superior to the other. Pure Spermatozoa 
has been the choice of density gradient in the 
author’s laboratory. The method of DGC has to 
be modified according to the quality of the 
semen sample produced on the day of the 
treatment. Higher percentage of chromatin-
condensed spermatozoaatozoa has been 
obtained using DGC technique. Further, in 
order to liquidize viscous semen samples, it is 
necessary to refrain from forcefully aspirating 
semen through narrow gauge needles as this 
procedure severely damages the 
spermatozoaatozoa. Instead, an enzymatic 
liquidation with subsequent washing of the 
spermatozoaatozoa is preferred. This 
obviously requires a careful andrology work-up 
and examination of male partners of infertile 
couple. Findings of more sophisticated testing, 
such as DNA fragmentation analysis, oxidative 
stress analysis and spermatozoa evaluation for 
genomic, proteomic and metabolic factors in 
certain cases of male factor or unexplained 
infertility will help achieve higher success 
rates. The procedure itself should be carried 
out slowly with a soft catheter holding at least 1 
million motile spermatozoa. There are no 
advantages of FSP over IUI. Morphology does 
not appear to influence the final outcome as 
long as more than 5 million motile 
spermatozoa are inseminated.  
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