
Introduction
There are more than 80 million infertile couples around 
the world (1). It is estimated that about 40 million of in-
fertile couples are currently seeking infertility treatments 
(2). Treatment of infertility ranges from simple advice 
on natural conception to complex and expensive inter-
ventions including Assisted Reproductive Technologies 
(ART) (3). Advanced infertility treatment methods are 
costly and most people especially in developing countries 
are deprived of such treatments (4,5). Even in a developed 
country like Canada, this costly treatment seems to suit 
only those who could afford it (6).
Along with ART the most common form of medical in-
tervention to treat infertility is Intra Uterine Insemination 
(IUI), whereby prepared sperm cells are deposited direct-
ly into a woman’s uterus to aid conception (3). Approx-
imately 30% of the infertility cases are unexplained (7). 
Most experts consider IUI as the primary treatment for 
unexplained infertility (8). Several studies attest to the 
effectiveness of IUI and it is considered a simple and in-
expensive fertility treatment (9). It is also reported that 
these same characteristics had allowed IUI procedure to 
be performed by nurses with comparable results to those 

performed by physicians (10). 
We think that augmented use of IUI procedure, in general, 
and easier application of the procedure in medical offices, 
in particular, demands for simpler and inexpensive pro-
cesses that would not require specialist and sophisticated 
equipment for preparing sperm cells.
Currently, swim-up and density gradient are the standard 
methods of sperm cell separation and in some cases glass 
wool filtration method is also used. In these techniques, 
considerable amount of active sperm cell with normal 
morphology and high fertility potential can be separated 
(11). All of these methods require the use of centrifugal 
separation. Aitken and Clarkson discovered that centrif-
ugal separation could result in producing free radicals 
which subsequently could damage the sperm cell. Follow-
ing a thorough review of the results of researches in this 
area, Mortimer also concluded that the preparation meth-
ods which used centrifugal separation could damage the 
sperm cell, decrease its fertility potential, and reduce the 
rate of pregnancy (12).
 Previously we observed that when sperm cells were ex-
posed to the flow of fluid, their randomized movement 
changed to organized and synchronized swim against the 
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stream (13,14). Cilia have been shown to be present in 
the endometrial cells of mammals. Cilia are the import-
ant components of reproductive system which exist in the 
endometrial cells of mammals. Ciliary stream in the fallo-
pian tubes and uterus is in the same direction and flows 
all the way towards the external os. We hypothesized that 
this streaming current leads the sperm cells towards the 
fertilization site at the ampoule of the fallopian tubes. 
Moreover, this streaming current acts as a natural selec-
tive mechanism in which allows only those sperms that 
are healthy and motile to reach the fertilization site (13). 
Recently, Miki and Clapham (15) and Kantsler et al. (16) 
confirmed our earlier suggestion. 
Based on our theory and findings we created a sperm cell 
separating device for the upstream method. Our previous 
study had shown its efficacy in separating normal motile 
sperm cell (17). In this study we examined the success rate 
of IUI procedure using the two methods of sperm cell sep-
aration, i.e. swim-up and upstream.

Materials and Methods
Among all the infertile patients who attended Sabohi In-
fertility Center of Mahdieh Hospital, 51 candidates for 
IUI treatment were selected. Based on their initial clinical 
evaluation IUI candidates were selected if they were <30 
years old and causes of infertility were cervical factor, mild 
to moderate male factor, ovulation factor or unexplained 
infertility. In addition, patients were excluded if they had 
recurrent abortion, history of genetic disease, endometri-
osis, uterine myoma and history of more than 3 previous 
unsuccessful IUI cycles. 
The conventional sperm preparation, swim-up method, 
was used for 26 individuals. The sperm preparation meth-
od used for the remaining 25 candidates was upstream 
method. From the 3rd to the 5th day of their cycle patients 
took 100 mg Clomiphene tablets daily. From day 6 they 
received 75-150 IU HMG/day. Vaginal ultrasound pro-
cedure was performed between days 8-12 of their cycle. 
If the size of the dominant follicles were between 16-18 
mm, they would be injected with additional 10,000 units 
of HCG. Patients returned to the hospital after 36 hours 
and were prepared for IUI procedure.
Patients were randomly and anonymously placed in the 
two trial groups, i.e. swim-up and upstream groups. The 
only difference between the two groups was the pattern 
of sperm preparation performed for each group. Other-
wise the rest of the process was exactly the same, e.g. the 
same type of catheter and the same method of injection 
were used.
Ahead of the preparation process, semen samples under-
went evaluation process according to the WHO recom-
mendation described in detail in the joint European So-
ciety of Human Reproduction and Embryology–Nordic 
Association for Andrology (ESHRE-NAFA) manual (18).
Initial sperm concentration and motility were marked 
under a 400× magnifier. Mobility assessment was done 
according to four classification groups which are rapid 
progressive, slow progressive, non-progressive and immo-

tile sperm count. At the end, the percentages reached from 
two categories (rapid progressive + slow progressive) were 
printed on the sample report. The morphology of sperma-
tozoa was subsequently determined. Each spermatozoon 
without morphological “defects” was defined as ideal. Any 
deficits in comparison to the ideal spermatozoon were 
classified as defects. Head, neck/mid-piece and tail defi-
cits are the registered defects on the structure of a sperm 
(i.e. three defects). A spermatozoon can be affected by one 
or all of these defects, but it is still counted as one defected 
cell. Only complete healthy spermatozoa, i.e. those with 
both head and tail, were counted. All imperfect cases were 
categorized as defective.

Upstream method
The device (Figure 1) used for the upstream method is a 
plastic tube which is divided to two compartments by a 
nylon mesh (TechWin Ltd, Iran).
Using a Pasteur pipette 2 ml of semen was deposited on 
the nylon mesh. Using a pipette, 1 ml of “Ham’s F-10” 
media was gently added to it. The device was then trans-
ferred to an incubator and remained there for 30 minutes. 
While in the incubator, under its own weight, the semen 
migrated through the nylon mesh to the bottom cham-
ber. The active sperm cells swam against the semen’s flow 
and entered into the cultivation environment. In the end, 
only the cultivation environment which contained the ac-
tive sperm cells remained in the upper chamber. Through 
tilting the device the sperm cells were then transferred 
to a 6 ml falcon tube for analysis and inseminated into 
patient’s uterus.

Swim-up method
In this method 2 ml of sperm cell and 2 ml of “Ham’s 
F-10” media were mixed in a falcon tube and centrifuged 
for 10 minutes. The supernatant was then removed and 
again 2 ml of “Ham’s F-10” media was added to the pel-
let and centrifuged for 10 minutes. Later the supernatant 
was removed and then slowly 1 ml of media was added 
to the pellet. The tube was subsequently transferred to a 
CO2 incubator. The tube remained there for 45 minutes, 
later removed from the incubator and 0.5 ml of the media 
from the top of the tube was removed and used for the 

Figure 1. Upstream device.
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IUI procedure.

Results
The collected data was analyzed by pair T-Test analysis 
and Chi-squared analysis; values of P greater than 0.05 
were considered significant.
Table 1 compares the result of sperm parameters using 
swim-up method with those of upstream method. The 
difference in the number of sperm cells per unit of mea-
sure, the percentage of sperm cells with normal morphol-
ogy, and their motility rate are statistically significant. 
Table 2 illustrates the differences between patient’s charac-
teristic of the two applied methods. It particularly shows 
that the pregnancy rate among those in the swim-up 
group was 15%, 4 of 26 cases; whereas, the rate of preg-
nancy among those in the upstream group was 20%, 5 of 
25 cases. However, statistically, the variation between the 
two groups was not significant.

Discussion
Today, there is a need for simple and low-cost methods 
of treating infertility that is affordable for couples with 
low income around the world. The use of inexpensive and 
simple treatment methods will encourage politicians and 
insurance organizations to step-up their efforts in devel-
oping strategies that facilitate the implementation of such 
methods (8). If used appropriately, IUI is a simple method 
with acceptable success rate to combat infertility (9).
Normally, inside the female reproductive system the fer-
tile sperm cells actively deviate from other sperm cells and 
enter into the cervical mucus (19). In this process active 
and motile sperm cells are separated and undergo certain 
physiological changes called “competency ability”, which 
is a vital and fundamental step for fertility (20,21).
Probably Australia’s Alexander Lopata was the first pio-
neer of sperm cell separation. He noticed that placing the 

Table 1. Result of sperm parameters Swim-Up versus Upstream 
methods

Before processing After processing
Motility Counts NM Motility Counts NM

Upstream 56.2% 67.4 51% 90 47.9 75%

Swim-up 51.2% 53 49% 95 34.4 86%

NM= Normal morphology

Table 2. Patient’s characteristic of the two applied methods

Swim-up Upstream

Average patients age 27.8 28

Average duration of infertility 4.3 4.47

Average No. of folicules >16 mm 3 2

Average of  previous IUI cycles 1 1.6

No. of chemical pregnancies 5 (19.2) 6 (24%)

No. of clinical pregnancies 4 (15.3%) 5 (20%)

No. of IUI Cycles 26 25

tip of a Pasteur pipette containing culture media in a se-
men container for one hour results in active sperm cells 
entering the pipette. This method allowed him to separate 
and collect a considerable volume of normal and active 
sperm cells (22).
The launch of IVF procedure in the 80s resulted in the 
emergence of various sperm cell separation methods. 
Since the introduction of swim-up method by Mahadevan 
and Baker (23), more sophisticated separation methods 
were developed in order to increase the number of cap-
tured active sperm cells. These methods could be catego-
rized as migration method, density gradient method, and 
filtration method (24,25).
The results of our study showed that swim-up method and 
upstream method were both capable of separating suffi-
cient number of active and normal sperm cells for IUI 
procedure. However, there was considerable difference in 
the motility rate and normal morphology of sperm cells 
between the two methods. Obviously, in both methods, 
the number of separated sperm cells would ultimately be 
less than the total initial number of sperm count due to 
the elimination of abnormal and immotile sperm cells.
Although, from the stand point of the sperm cell param-
eters before and after preparation process, the two sepa-
ration methods did not differ significantly in pregnancy 
rate, nevertheless, the rate among patients in the upstream 
group was higher compared to those in the swim-up 
group, i.e. 16% in the swim-up group and 20% in the up-
stream group. However, due to the relatively small num-
ber of participants in our trial, i.e. 51 candidates for IUI 
procedure, this result cannot be considered significantly 
meaningful. 
Whether or not the upstream method could lead to higher 
success rate of pregnancy, at the very least, its advantage is 
with the simplicity of the equipment, and simpler training 
requirements and operating process. Additionally, limit-
ing the use of aggressive physical intervention in the pro-
cess to a minimum reduces the risk of damage to healthy 
sperm cells. 

Conclusion
The new office based sperm preparation method (up-
stream method) can be used as a simple, quick and effec-
tive method of sperm cell separation in fertility treatment 
especially in IUI procedure. The authors believe that the 
promising results of this preliminary study should inspire 
further investigation and comparison of the results in a 
larger scale and through the collaboration of multiple fer-
tility centers. 
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