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Abstract 

 
Preimplantation genetic screening (PGS) is a method of screening a blastocyst for chromosomal 

abnormalities during in vitro fertilization (IVF) by performing a karyotype on a single cell from 

the blastocyst. PGS was previously offered to couples with advanced maternal age, recurrent 

pregnancy loss, repeated implantation failure, or severe male factor infertility. Now PGS is 

common practice for all IVF cycles to improve outcomes by selecting chromosomally normal 

(euploid) embryos for transfer.  

 

The number of oocytes retrieved following controlled ovarian hyperstimulation is a key limiting 

factor in IVF cycle success. If a patient is unable to produce an adequate number of oocytes or if 

they are of poor quality, oocytes from a donor can be utilized. Alternatively, if a patient 

produces a large amount of oocytes, oftentimes the donor will use half of the oocytes for her 

own IFV cycle and donate the other half. This unique shared oocyte donor model between two 

couples is utilized in this study. 

 

Numerous studies have been published surrounding genetic and reproductive outcomes after 

IVF with preimplantation genetic testing, but the influence of male semen parameters have not 

been explored in depth. For example, Braga et al investigated the incidence of aneuploidy in 

older patients undergoing ICSI by studying factors such as female and male age and female 

hormone levels, with the study focus mainly on female influences2.  

 

This investigation aims to study the effect of male semen parameters on the likelihood of 

obtaining chromosomally normal embryos using ICSI. A unique approach was taken by 

comparing the outcomes between multiple “paired couples” who have utilized donor eggs 

obtained from the same donor in the same cycle. This model was adopted to minimize oocyte 

variation as a confounding variable. Using retrospective record review and data analysis, the 

relationship between optimal vs suboptimal sperm parameters and the resultant percentage of 

euploid embryos obtained after ICSI was evaluated.   
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Introduction/Significance 

  

Between the years of 2006-2010, the CDC reports that 6.0% (1.5million) of married couples 

experience infertility, defined as the inability for a married couple to get pregnant after 1 year 

of unprotected intercourse. The CDC estimates that during 2006-2010, 12% of women, their 

husband, or partner have used infertility services to overcome their infertility in hopes of 

conceiving a child.3 One of such services includes in vitro fertilization (IVF), which is a procedure 

where the ovaries are hyper-stimulated, and oocytes are aspirated from the resulting mature 

ovarian follicles. The oocytes are fertilized in the laboratory, and a small number of resulting 

embryos are transferred back into the uterus for implantation.  

 

Since its introduction in the 1990s, preimplantation genetic testing has been combined with in 

vitro fertilization to prevent transmission of genetic conditions from parents to their offspring. 

In preimplantation genetic diagnosis (PGD), embryos are tested for specific genetic disorders or 

chromosomal abnormalities carried by one or both of the genetic parents such that only 

unaffected embryos may be selected and transferred to the uterus. Preimplantation genetic 

screening (PGS) refers to the practice of screening for aneuploidy, which evaluates the number 

of chromosomes in the cell by performing a karyotype. PGS was previously offered to couples 

with advanced maternal age, recurrent pregnancy loss, repeated implantation failure, or severe 

male factor infertility but is now common practice to improve IVF outcomes by selecting 

chromosomally normal embryos for transfer. The effectiveness of this practice was studied by 

Lee et al in a 2015 systematic review published in Human Reproduction, which concluded that 

use of PGS improved both implantation and pregnancy rates over conventional morphological 

embryological evaluation.1 

 

Intracytoplasmic sperm injection (ICSI) is an advanced reproductive technology (ART) used in 

assisting with the fertilization process of IVF. The procedure involves injecting a single sperm 

into the cytoplasm of a mature oocyte to facilitate successful fertilization. This procedure is 
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primarily used in male factor infertility, but can also be used to increase the chances of 

maximizing the number of viable embryos available for transfer. 

 

Once an egg is fertilized, preimplantation genetic diagnosis (PGD) can be performed on day 5 or 

6 post fertilization by removing a single cell from the resulting blastocyst and testing the cell for 

inheritable genetic disorders. Preimplantation genetic screening (PGS) differs in that a 

karyotype is performed to screen for chromosomal abnormalities, or aneuploidy. Using this 

technology, the likelihood of successful implantation and maximized by selecting euploid 

embryos for transfer into the uterus. 

 

Significance: 

 

State of the art ART comes with a significant financial cost.  On average an IVF cycle including 

ICSI and preimplantation genetic testing exceeds $13,000 per cycle.  This creates a significant 

financial burden on couples trying to conceive using these techniques, especially considering 

reproductive services are not commonly covered by insurance. To minimize the number of 

cycle attempts necessary to achieve a pregnancy, great effort is made to maximize the odds of 

a successful IVF cycle. 

 

Further studies are needed to determine if sperm analysis results have an effect on obtaining 

euploid embryos during IVF.  A recent study by E.S. Sills et al investigated contributing factors 

affecting embryo aneuploidy including maternal and paternal age, maternal hormone levels 

and number of oocytes aspirated were evaluated. This study found that oocytes obtained from 

a lower oocyte number cohort from a single stimulation cycle reduced occurrence of aneuploid 

embryos, but the study focus was on maternal contributions4. 

 

Another study by SP Weng et al was focused on the paternal contribution in embryo 

aneuploidy, and determined that the effect of the method of obtaining sperm (ejaculated 

versus microsurgical epididymal sperm aspiration or testicular sperm extraction) had no effect 
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on the number of euploid embryos5.  No studies have isolated the paternal contribution of 

semen analysis in obtaining euploid embryos by minimizing maternal variability. The goal of this 

study is to elucidate the semen quality factor by isolating and comparing couples who have 

obtained eggs from a shared oocyte donor, and comparing semen analysis parameters and the 

number of euploid embryo obtained after ICSI. 

 

This study will aid both the clinician and patients in deciding whether sub-optimal sperm 

analysis results will diminish the couples’ chances of obtaining chromosomally normal embryos, 

and thus lowering their chances of a successful embryo transfer and pregnancy. If a relationship 

is established between semen parameters and percentage of euploid embryos, couples with 

sub-optimal semen parameters may choose to wait to proceed with an IVF cycle when a better 

semen parameters can be obtained, maximizing their chances of achieving pregnancy and 

making the most of the money spent on IVF. If no relationship is established, then couples with 

sub-optimal semen parameters can be reassured that there is little to no risk of diminished ICSI 

success based on sub-optimal semen parameters.   
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Research Methods and Materials 

 

To perform IVF, oocytes are obtained via ovarian hyper-stimulation of the female patient. In 

most cases the patient is the woman who is seeking to achieve pregnancy. In circumstances 

where the intended mother is not able to provide oocytes (due to reasons such as diminished 

ovarian reserve from radiation, age, etc) a donor is selected and it is the donor who will 

undergo ovarian hyper-stimulation. 

 

Controlled ovarian hyper-stimulation is performed according to standard protocols using 

gonadal releasing hormone (GnRH) agonist or GnRH-antagonist downregulation or mini-dose 

GnRH-agonist flare.  Patients received FSH-only or combination FSH and HMG (human 

menopausal gonadotropin) preparations starting on cycle day 3, and were triggered with 

10,000 units of hCG, Lupron, or a combination of low-dose hCG plus Lupron, when at least two 

lead follicles achieved a mean diameter of 18 mm or greater to promote oocyte maturity. 

 

Oocyte retrieval is performed 36 hours after trigger.  Recovered oocytes are stripped of their 

cumulus cells and divided between the recipients.  ICSI is performed on all metaphase II (MII) 

and metaphase I (MI) oocytes, and fertilization is checked the next day (day 1 in 

culture).  Embryos are cultured to day 5 or 6. Those which reached the blastocyst stage are 

subject to trophectoderm biopsy and cryopreservation using established protocols.  Embryos 

that did not reach the blastocyst stage by the end of day 6 are discarded.  Trophectoderm 

biopsy samples are evaluated using SNP (single nucleotide polymorphism) technology, array 

CGH (comparative genomic hybridization), or next generation sequencing technology.  All 

paired donation cycles are handled by the same clinical and embryology staff and are subject to 

the same PGS technology for chromosome assessment. 

 

After approval was granted by the University of Arizona Institutional Review Board’s Human 

Subjects Protection Program, medical charts on patients who underwent in vitro fertilization 

(IVF) utilizing intracytoplasmic sperm injection (ICSI) and preimplantation genetic screening 
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(PGS) using shared oocytes from a single donor during concurrent IVF cycles. Data was taken 

from cycles performed at the Arizona Center for Fertility Studies from October 2011 to July 

2016.  Analysis was performed by identifying couples who had disparate sperm parameters, 

with one couple with 0 or 1 of 3 abnormal sperm parameters and the other with 2 or greater 

abnormal parameters. Sperm parameters were set based on reference values set by the World 

Health Organization laboratory manual for examination and processing of human semen6.  

Among these couples, the percent of euploid embryos based on number injected was 

compared between each couple. The result was determined to be either concordant to 

hypothesis, discordant, or neutral. 

 

Data analysis was performed analyzing the overall relationship between sperm parameters and 

percentage of euploid embryos obtained from the corresponding IVF cycle. Singled out in the 

transferred data are couples who had disparate semen analysis parameters (based on count, 

morphology and motility) A Wilcoxon Rank Sum Test will be performed on these data to 

determine whether a statistically significant difference exists in the number of euploid embryos 

obtained by patients who have dichotomous sperm parameters prior to ICSI.  Making the 

comparison between couples who shared oocytes from the same donor eliminates variability in 

egg quality between the study groups, and variability of the outcome based on sperm 

parameters can be elucidated.   

 

Our prediction is that a correlation will be established between semen parameters and percent 

of euploid embryos obtained after ICSI.  The resulting data will be presented in aggregate form 

further protecting the privacy and security of the data obtained from these medical records.   
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Results 

 

39 IVF cycles were identified which utilized oocytes from a donor, or whose oocytes were split 

and shared with another couple, with a total of 647 oocytes injected. Oocytes were obtained 

from a total of 9 egg donors. 30 IVF cycles were matched into 15 paired concurrent cycles 

utilizing a single oocyte donor, and an additional 9 cycles were identified utilizing oocytes from 

the donor cohort, but without a shared concurrent cycle utilizing the split oocyte model. 

 

Among the 15 paired cycles, 7 (46.7%) were found to have discordant sperm parameters. Of 

these 7 disparate pairs, 4 pairs the cycle with ‘favorable’ sperm parameters demonstrated a 

higher percentage of euploid embryos. The remaining 3 cycles with ‘favorable’ sperm 

parameters had a lower % of euploid embryos. The summary of this data is demonstrated in 

Table 1. 
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Data Summary 
 
# of IVF cycles: 39  
 
# of egg donors: 9 
 
Total # of oocytes injected: 647 
 
# shared cycles: 15 
 
# of shared cycles with discordant sperm parameters: 7 (46.7%) 
(defined as one couple with 0 or 1 abnl sperm parameters (favorable), and the other with 2 or 3 
abnl sperm parameters  (unfavorable) 
 

# with ‘favorable’ parameters who had a higher % of euploid embryos: 4 (57.1%) 
# with “favorable’ parameters who had a lower % of euploid embryos: 3 (42.9%) 

Table 1: Summary of Paired Couple Data   
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Pooling all IVF cycle data, including additional cycles utilizing oocyte from one of the 9 donors, 

cycles which resulted in 2 or less euploid embryos vs those with greater than 2 were compared 

and summarized in Table 2. 13 cycles were found to have 2 or fewer, with mean and standard 

error of 12.8 and 1.5 respectively. 26 cycles were found to have greater than 2 euploid embyros 

with a mean and standard error of 17.4 and 1.7 respectively. The resulting p value is 0.11.  
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   #oocytes injected:  
  n mean std error p-value 
#euploid embryos <2 13 12.8 1.5 0.11 
 >2 26 17.4 1.7  

Table 2: Comparison of number of oocytes injected comparing cycles resulting in 
less than or equal to 2 embryos versus cycles resulting in more than 2 euploid 
embryos. 
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Between cycles with disparate initial sperm progression values, 16 were found to have a score 

below 3, with mean and standard error of the percent of euploid embryos obtained were 26.3 

and 3.6.  23 had scores at or above 3 with mean and standard error of 29.3 and 4.3 respectively 

resulting in a p-value between the 2 groups of 0.62. 

 

Between cycles with disparate initial sperm motility values, 13 were found to have a score 

below 40%, with mean and standard error of the percent of euploid embryos obtained were 

24.4 and 4.1.  26 had scores at or above 40% with mean and standard error of 29.9 and 3.9 

respectively resulting in a p-value between the 2 groups of 0.38. 

 

Between cycles with disparate initial sperm concentration values, 5 were found to have values 

below 15million/mL, with mean and standard error of the percent of euploid embryos obtained 

were 22.9 and 5.2.  34 had scores at or above 15million/mL with mean and standard error of 

28.8 and 3.3 respectively resulting in a p-value between the 2 groups of 0.50. 

 

The data of the comparisons of percent euploid embryos based on optimal and sub-optimal 

semen analysis parameters of progression, motility, and concentration can be seen in Table 3, 

and is graphically depicted in Figure1 for progression, Figure 2 for motility, and Figure 3 for 

concentration. 
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#Euploid/#injected   %euploid embryos:  
  n mean std error p-value 
Progression <3 16 26.3 3.6 0.62 
 >3 23 29.3 4.3 

 
 

Motility <40 13 24.4 4.1 0.38 
 >40 26 29.9 3.9  

 

Concentration <15 5 22.9 5.2 0.50 
 >15 34 28.8 3.3  

Table 3: Comparison of percentage of euploid embryos based on number of 
oocytes injected versus optimal and sub-optimal semen analysis parameters of 
progression, motility, and concentration. Optimal and sub-optimal parameter 
limits set by WHO standards6. 
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Figure 1: Percent euploid embryos obtained comparing cycles with semen analysis 

progression score less than 3 versus greater than or equal to 3. 
 

  

% Euploid Embyos 
Based on Progression 
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Figure 2: Percent euploid embryos obtained comparing cycles with semen analysis 

 motility score less than 40 versus greater than or equal to 40. 
  

% Euploid Embyos 
Based on Motility 
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Figure 3: Percent euploid embryos obtained comparing cycles with semen analysis 

sperm concentration less than 15 versus greater than or equal to 15 million per milliliter. 
  

% Euploid Embyos 
Based on Concentration 

Million / mL 
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Discussion 

 

Results of direct comparison between paired cycles with discordant initial sperm analysis 

parameters appears to indicate no effect on obtaining euploid embryos. Analysis performed on 

pooled data utilizing all cycles of the donor cohort indicate that having less than optimal sperm 

parameters may play a role in the likelihood of obtaining embryos, but sample sizes were not 

large enough to achieve statistical significance. The results are in support from the general 

consensus that severe male infertility condition could contribute to the generation of 

chromosomal abnormalities in the resulting embryos.7  
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Future Directions 

 

For this study, future plans are aimed at obtaining more cycles utilizing a shared oocyte model 

increasing the sample size used for analysis. This data should be added to the data already 

collected, and will aid in obtaining statistically significant results. This data wo uld ideally be 

from the same clinic using the same protocol to minimize cycle to cycle and laboratory 

variability. 
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Conclusions 

 

Knowledge from this study and future related studies can assist advanced fertility treatment 

providers in their counsel with couples who have sub-optimal sperm parameters. They can be 

advised the given poor sperm quality may likely have a small effect on the chances of obtaining 

euploid embryos, but not enough data exists, including results from this study, to determine 

whether this relationship has statistical significance to establish a causal relationship . However, 

couples can be advised that the larger numbers of oocytes retrieved, whether autologous or 

obtained from a donor, increases the likelihood of obtaining a sufficient number of euploid 

embryos after fertilization for transfer into the uterus. Further studies utilizing this same 

shared-oocyte model are needed to increase the sample size in order to establish a statistically 

significant relationship. 
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