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1. INTRODUCTION 

Infertility has nowadays been one of the major 

reproductive health problems worldwide [1]. 

The advances in the technology such as in vitro 

fertilization (IVF), intrauterine insemination 

(IUI) and intracytoplasmic sperm injection 

(ICSI) are the fundamental approaches to 

overcome the infertility problem [2].  

The developed technologies for the treatment of 

infertility have frequently been shown to be 

affected by several factors including woman 

age, cause of infertility, levels of follicle 

stimulating hormone, adequate ovarian 

responses and number of collected eggs [3]. 

Moreover, sperm quality has also been 

underlined to be responsible for the failure of 

the IVF successes [4], and male factor was 

clarified to contribute IVF failure in a rate of 30-

50% [5]. Sperm morphology, motility, count 

and genomic integrity have been figured out to 

be criteria affecting sperm quality and some 

methods to test and choose the sperm with high 

quality have been developed [6]. Among these 

methods, density gradient and swim-up 

techniques by which high quality sperms are 

obtained by centrifugation and via endogenous 

sperm motility property, respectively have 

widely been used in the clinics. However, these 

methods could be disadvantageous, as they 

would result in low sperm number and/or loss in 

sperm quality [7].  

Recently, microfluidics-based novel approaches 

have been proposed for testing and obtaining the 
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sperm with high quality for IVF procedure. The 

microfluidics-based devices use the ability of 

endogenous or directed motility of the sperm 

and not only choose the sperms with high 

motility properties but also enables further 

morphological and genomic analyses by 

minimizing the damages on the selected sperms 

[8-9]. 

Although the efficacy and the sufficiency of the 

developed devices for the sperm selection has 

been studied during the production period [9], 

clinical reflections of these devices must be 

followed for further progress and identification 

of possible drawbacks. For instance, Yildiz and 

Yuksel studied the efficacy of the sperm 

selection by a microfluidics-based chip (Fertile 

Plus; Koek Biotechnology, Turkey) for 116 

patients and compared the results to that of 

known density gradient method via fertilization 

rates. The chip was demonstrated to increase 

fertilization rate especially in recurrent IVF 

failure patients by decreasing sperm DNA 

fragmentation [10]. However, such studies are 

still needed to totally explore the success rate of 

chip-based sperm sorting for IVF procedure. 

In the present study, we evaluated the efficacy 

of a microfluidic chip for the sperm selection 

(Fertile Plus; Koek Biotechnology, Turkey) for 

57 couples. Moreover, we analysed the positive 

and negative pregnancies by correlating to the 

sperm number, sperm motility, sperm 

morphology and fertilization trials.  

2. MATERIALS AND METHODS 

2.1. Patient Selection 

The present study covers the evaluation of 

microfluidics-based sperm sorting for 50 

couples between 2017-2018 in HRS Ankara 

Women’s Hospital, Ankara, Turkey. The 

retrospective evaluation eliminated the 

requirement of ethics committee approval; 

however, patients’ signed approvals have been 

obtained. The semen quality was assessed by 

standard seminograms and used without further 

evaluation. 

2.2. Preparation of Sperms with Microchip 

Method 

For sperm sorting with microfluidics-based 

sperm chip, Fertile Plus Chip (Koek 

Biotechnology, Turkey) was used according to 

supplier’s instructions. Briefly, sperm samples 

were added onto chip as 800 μl of the volume 

and washed by 1 ml of sperm washing solution. 

Then, the chip was incubated at 37
o
C for 30 min 

to obtain the sperms passing through the filter 

and localizing in the washing medium. Next, the 

sperms obtained by this protocol were used for 

the IVF protocol. 

2.3. Statistical Analyses 

The normality of the data was analysed by 

Kolmogorov-Smirnov normality test. The data 

was analysed by Mann-Whitney U test as a 

result of lack of normality. All analyses were 

carried out by GraphPad Prism (GraphPad Inc., 

USA) and the data was significant when p<0.05. 

3. RESULTS 

We listed the parameters as age of female and 

male, reason of infertility whether it was primer 

or seconder, total duration of infertility, the 

number of IVF trials, sperm number, sperm 

motility (%), sperm morphology (%), the 

number of oocytes used for fertilization, the 

number of the metaphase II which demonstrated 

the increased chance of fertilization rate [11], 

the number of fertilizations, embryo transfer 

method whether directly (ET) or after freeze-

thaw cycle (FET) and the status of beta HCG 

that illustrated the availability of ectopic 

pregnancy [12] by emphasizing the cases 

whether positive, negative, terminated 

pregnancy (Ex) or early birth (EB) in a group of 

couples (n=50) with infertility reason of male 

factor (Table 1).The results illustrated that the 

microfluidics-based sperm sorting was highly 

effective to obtain beta HCG positivity even 

though the per cents of sperm motility and/or 

morphology were extremely low, clarifying that 

the system chose the sperms with high quality 

independent of sperm morphology and/or 

motility criteria. 

We further analyzed the sperm motility which 

was the major factor affecting the working 

principle of the sperm chip. The results were 

given at Table 2 where the motilities were given 

as per cents according to the classification of the 

sperm motility as grade a, b, c or d that shows 

rapidly progressive, slowly progressive, no 

progressive and immotile spermatozoa, 

respectively [13].  Nevertheless, there were not 

any significance between beta HCG positive and 

negative groups in terms of sperm motility, 

pointing that the motility of sperms was not a 

critical factor affecting the efficacy of the sperm 

sorting by microfluidic approach (Table 3).
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Table1. The list of patients and sperm profiles with the result of beta CGH status 

Patients 
Age of 

female 

Age of 

male 

Reason of 

infertility 

Year of 

infertility 

Number of 

trials 

Sperm 

number 

Sperm 

motility (%) 

Sperm 

morphology (%) 

Oocyte 

number 

Number of 

Metaphase II 

Number of 

fertilization 
Transfer 

Beta 

HCG (+/-) 

1 33 33 Primer 3 2 31x10
6
 60 5 7 5 5 FET + 

2 38 42 Primer 2 1 63x10
6
 62 0 8 7 5 ET - 

3 40 42 Primer 12 8 3x10
6
 20 0 8 7 5 FET - 

4 39 43 Seconder 15 1 44x10
6
 18 0 12 9 6 FETx2 + 

5 36 42 Primer 2 3 4x10
6
 30 0 7 6 3 FET + 

6 34 34 Primer 1.5 3 4x10
5
 2 0 20 16 9 FETx5 + 

7 27 28 Primer 4 2 10x10
6
 70 1 7 5 5 ET - 

8 28 28 Primer 4 2 36x10
6
 NA 0 11 9 7 FET - 

9 41 42 Seconder 9 6 44x10
6
 45 0 3 3 2 ET - 

10 29 32 Primer 1 1 120x10
6
 49 3 14 11 8 FET + 

11 31 31 Primer 5 2 32x10
6
 65 3 12 8 7 ET + 

12 24 24 Primer 2 1 216x10
6
 69 2 15 13 11 FET + 

13 37 37 Primer 6 10 10x10
6
 52 0 3 2 1 FET + 

14 31 36 Primer 2 2 12x10
6
 42 0 13 10 7 FET Ex 

15 27 32 Primer 1 2 2x10
6
 37 0 15 9 6 FET + 

16 25 27 Primer NA 1 8x10
5
 36 0 11 9 9 ET - 

17 32 34 Seconder 3 1 8x10
6
 52 0 10 6 5 ET + 

18 34 37 Primer 9 7 4x10
6
 58 0 10 9 6 FET - 

19 33 37 Primer NA 1 37x10
6
 60 0 14 9 7 ET - 

20 40 42 Seconder 1 1 72x10
6
 77 0 5 5 4 FETx2 + 

21 34 34 Primer NA NA 43x10
6
 74 4 17 16 13 FET + 

22 25 25 Primer 2 1 42x10
6
 74 0 13 11 8 FET + 

23 27 27 Primer 3 1 34x10
6
 56 0 11 8 6 FET + 

24 27 28 Primer 4 3 5x10
6
 72 0 12 11 11 FET - 

25 35 36 Primer 1 1 108x10
6
 70 0 5 3 3 ET + 

26 27 28 Seconder 2 1 73x10
6
 52 1 12 11 9 FET EB 

27 23 23 Primer 3 1 47x10
6
 63 0 16 14 10 FET - 

28 40 40 Seconder ? 6 154x10
6
 73 4 2 1 1 ET - 

29 38 139 Primer 0.5 1 87x10
6
 72 1 2 1 1 ET - 

30 32 33 Primer 1.5 1 47x10
6
 74 1 14 11 11 ET + 

31 35 35 Primer 15 2 145x10
6
 82 0 6 5 4 ET Ex 

32 28 29 Primer 2 2 69x10
6
 52 0 14 10 7 FET + 

33 34 35 Seconder 1 2 50x10
6
 70 0 12 11 9 ET + 

34 35 36 Primer 1 1 2x10
6
 27 0 14 11 8 ET + 
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35 35 35 Primer 2 2 1x10
6
 47 0 12 10 10 FET - 

36 40 43 Primer 3 4 9x10
6
 12 2 4 2 2 FET - 

37 37 38 Primer 1 1 64x10
6
 70 0 12 9 6 ET - 

38 30 33 Primer 3 3 330x10
6
 63 2 11 6 6 ET + 

39 39 43 Primer 18 3 15x10
6
 86 0 10 7 7 ET - 

40 32 32 Seconder 2 3 32x10
6
 47 0 11 9 9 FET + 

41 29 33 Primer 5 3 16x10
6
 30 0 10 8 7 FET + 

42 26 28 Primer 2 1 22x10
6
 56 0 6 5 5 FET + 

43 37 37 Primer 1 2 105x10
6
 72 0 6 6 6 FET + 

44 32 32 Primer 2 2 160x10
6
 68 0 21 19 14 FET + 

45 24 28 Primer 2 2 150x10
6
 43 0 13 10 9 FET + 

46 30 30 Primer 2 2 68x10
6
 48 0 16 14 14 FET + 

47 33 33 Primer 3 2 44x10
6
 31 0 6 5 4 FET - 

48 34 34 Primer 2 1 115x10
6
 74 0 29 26 22 FET Ex 

49 28 28 Primer 1.5 1 280x10
6
 43 3 16 13 10 FET + 

50 33 33 Primer 1 1 21x10
6
 42 0 11 10 10 ET + 
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Amongst the parameters given above, age of 

female or male, sperm number, motility and 

morphology, and metaphase II and fertilization 

number did not significantly deviate between 

beta HCG negative and positive groups. 

However, the year of infertility was significantly 

(p<0.05) lower and the number of oocytes used 

for IVF procedure was significantly higher in 

beta HCG positive group compared to negative 

one (Table 3).  

Table2. Sperm motilities as per cent of the motility grades for beta HCG positive and negative groups 

 Beta HCG (+) Beta HCG (-) 

Patients a b c Total a b c Total 

1 7 33 20 60 - 46 16 62 

2 - 14 4 18 - 4 16 20 

3 - 22 8 30 4 55 11 70 

4 - 1 1 2 NA NA NA NA 

5 6 29 14 49 - 33 12 45 

6 5 50 10 65 - 24 12 36 

7 6 56 7 69 - 52 6 58 

8 - 39 13 52 - 48 12 60 

9 - 30 7 37 - 68 4 72 

10 - 48 4 52 - 55 8 63 

11 9 56 12 77 8 55 10 73 

12 10 56 8 74 3 55 14 72 

13 - 58 16 74 - 30 17 47 

14 - 46 10 56 - 10 2 12 

15 6 47 17 70 - 58 12 70 

16 - 40 12 52 - 79 7 86 

17 - 63 7 70 - 23 8 31 

18 - 17 10 27     

19 10 32 21 63     

20 - 38 9 47     

21 - 27 3 30     

22 - 46 10 56     

23 - 48 24 72     

24 - 42 26 68     

25 - 21 27 48     

26 - 37 6 43     

27 - 30 12 42     

Mean 2.18 38.00 11.78 52.78 0.88 43.44 10.44 54.78 

Table3. The parameters that may affect the beta HCG status and their significance 

Parameters Beta HCG (+) Beta HCG (-) p value 

Number of couples 27 17  

Age of female 32 ± 0.81 34 ± 1.41 0.31 

Age of male 33 ± 0.91 35 ± 1.50 0.22 

Reason of infertility (Number of 

seconder/primer) 

5/22 2/15  

Year of infertility 2.67 ± 0.56 5.30 ± 1.32 0.02* 

Sperm number 70x10
6
 ± 16x10

6
 38x10

6
 ± 10x10

6
 0.27 

Total sperm motility (%) 52.78 ± 3.72 54.78 ± 5.25 0.74 

Grade a sperm motility (%) 2.18 ± 0.68 0.88 ± 0.52 0.27 

Grade b sperm motility (%) 38.00 ± 2.89 43.44 ± 5.19 0.30 

Grade c sperm motility (%) 11.78 ± 1.33 10.44 ± 1.08 0.86 

Sperm morphology (%) 0.85 ± 0.28 0.85 ± 0.28 0.52 

Oocyte number 11.63 ± 0.87 8.70 ± 1.02 0.05* 

Number of Metaphase II 9.29 ± 0.79 6.94 ± 0.88 0.09 

Number of fertilizations 7.55 ±0.63 5.76 ±0.75 0.11 
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4. DISCUSSION 

In the present retrospective study, we evaluated 

the cases where the couples faced with primer or 

seconder infertility because of the male factors. 

The sperm quality was assessed by a 

microfluidic-based sperm chip, Fertile Chip [9] 

in parallel to the conventional semen analysis 

(seminogram). We reviewed the parameters that 

could affect the fertility in Table 1 and tried to 

examine these parameters in parallel to the 

success rate of the microfluidics-based sperm 

sorting approach. 

Aafjes et al. underlined that the duration of 

infertility was a critical factor affecting the 

prognosis of the fertility in men and increased 

time stimulated the semen abnormalities [14]. In 

parallel to this report, the microfluidics-based 

sperm sorting was successful in terms of the 

selection of the sperms with higher quality since 

the short duration of fertility resulted in higher 
rate of positive beta HCG by Fertile Sperm Chip.  

According to the comparative analyses, the 

number of oocytes was significantly higher in 

beta HCG positive group, pointing more oocyte 

is advantageous in terms of obtaining positive 

results for IVF procedure via microchip-based 

sperm sorting. However, the number of 

metaphase II did not deviate significantly 

between groups, eliminating the hypothesis of 

that high number of oocytes are needed. 

Additionally, the number oocytes with 

metaphase II was also not fundamental for IVF 

procedure depending on microchip-based sperm 

sorting. 

5. CONCLUSION 

In vitro fertilization and embryo transfer (IVF-

ET) has been an acceptable technique for the 

treatment of certain infertility cases. The 

outcomes of IVF-ET process have frequently 

been shown to be affected by several critical 

factors, one of which was sperm motility and 

morphology. Therefore, in addition to other 

fundamental requirements, sperm motility and 

morphology are amongst the criteria that should 

be taken into consideration during IVF process. 

Sperm quality has been proposed to be tested by 

several methods including microfluidics-based 

sperm sorting. In the present study, we 

retrospectively evaluated the parameters 

affecting the IVF success rate via microfluidics-

based sperm sorting. Our results showed that 

this approach was successful even the per cent 

of the sperm motilities and/or morphologies 

were extremely low. In addition, the duration of 

men fertility was the only criterion significantly 

affecting the IVF outcome for microfluidics-

based sperm sorting. These results could guide 

the clinicians to apply microfluidics-based 

sperm sorting for IVF particularly in the couples 

with short infertility durations. 
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