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Abstract 

Purpose: The purpose of this study is to explore the evolution of some of the methods, technical 
tools and observations in the field of clinical embryology and more specifically, intracytoplasmic 
sperm injection. The inclusion of 16 published studies exploring the areas of ovarian stimulation, 
sperm quality and oocyte and embryo quality illustrates my modest contributions to these areas.   

Materials and Methods: This study comprises sixteen peer reviewed journal articles from my 
career work in a clinical embryology lab always striving to better the chances of patients of 
different diagnostic variabilities to achieve their goal. Research includes: 

1. Observations and modification in stimulation protocols, that give patient best chance of 
retrieving healthy and competent oocytes. 

2. Sperm specimen observations and techniques. 
3. Observations in oocyte and embryo morphologies that help the embryologist identify the 

most competent oocytes and select best embryos for fresh and frozen transfer. 

Results:  

Ovarian Stimulation: We found that a long stimulation protocol with gonadotropin releasing 
hormone agonists and exogenous follicle stimulating hormone were important for the stimulation 
of oocytes that were mature and of competent quality for our intracytoplasmic sperm injection 
program.  Purified follicle stimulating hormone was comparable to human menopausal 
gonadotropin at the time, as far as maturation, fertilization and pregnancy rates. The use of 
aromatase inhibitors for low responder and normal responders showed an increase of retrieved 
oocytes and increased blastocyst development. Lower estradiol levels lead to lower risk of 
ovarian hyperstimulation syndrome in these patients.  

Sperm quality: Early on, we identified an assay that helped us indicate the use of 
intracytoplasmic sperm injection in patients with normal sperm parameters but risked failed 
fertilization with invitro fertilization. Epididymal sperm, was found to be equally useful fresh or 
frozen, however, we encountered high proportions of non-motile sperm from frozen epididymal 
samples. Our use of the hypo-osmotic swelling test helped us identify vital sperm without 
damaging them so that they could be used for injection with better fertilization and pregnancy 
outcomes than if selecting non-motile sperm with no aid. Deoxyribonucleic acid fragmentation 
in sperm, was identified as an important measure for infertile male patients. We observed a 
negative correlation between deoxyribonucleic acid fragmentation, fertilization and sperm 
morphology. This parameter if elevated, gave lower blastocyst rate and higher miscarriage. We 
also determined that high deoxyribonucleic acid fragmentation in sperm was more likely to give 
a higher percentage of aneuploid embryos as evidenced by higher chance of multinucleation in 
embryos. 

Oocyte and embryo quality: Oocyte cytoplasmic quality was observed as intracytoplasmic sperm 
injection was introduced and central organelle clusters were determined to affect 
intracytoplasmic sperm injection cycles negatively whether dysmorphism was repetitive from  
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one cycle to the next or not. We studied and identified three multinucleation phenotypes in 
embryos and characterized different outcomes for these phenotypes and showed that they varied 
in the level of euploid embryos that developed.  We also showed that embryo development rate 
did not always mean absolute embryo arrest. We showed that it was useful to culture embryos to 
day six if slow on day five to give patient the possibility of more utilizable embryos. Our 
modification in the embryo thaw protocol also allowed us to increase pregnancy rates in frozen 
embryo transfer cycles as well as give patients possibility of more useable embryos. 

Conclusions: We showed modest advancement in certain areas of clinical embryology that 
allowed patients better chances of pregnancy. Further research is required in some areas as the 
advancement of this field progresses. 
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Chapter 1. Introduction 

Infertility in the human has been recorded since ancient times as far back as 2200 BC. This 

condition described in Egyptian medical texts as “a disruption in the continuity of reproductive 

organs and the digestive tract” (Beall et al 2012) has long been considered an illness requiring 

diagnosis and treatment. Human reproduction was studied extensively by Dr Robert Edwards in 

the early sixties (Edwards et al 1966, 1968), laying the ground work for what was to become a 

revolutionary and successful field for patients suffering from infertility. The field of clinical 

infertility and embryology is relatively new, spanning just over 40 yrs.  Before the birth of the first 

IVF (invitro fertilization) baby in 1978, there were many technical trials with some small steps 

forward but also some failures of the technology. With these set backs came modification and 

evolution of the methods and procedures and eventually success with the birth of Louise Brown 

(Steptoe and Edwards 1978). The science of clinical embryology was literally in its embryonic 

stage in 1978. Most of the techniques were improvised for the necessity of the moment. At that 

time there was no controlled ovarian stimulation, no special laboratory environment, air quality, 

nor assessment of oocyte or embryo morphology or any of the specialized modifications inherent 

presently to today’s embryology labs (Niederberger et al 2018).  All minor and major 

advancements that came thereafter were significant in improving the efficacy of the technique and 

contributing to its evolution to a respected discipline of clinical reproductive science. There have 

now been millions of babies born from this technology all over the world.  Improvements in 

stimulation of the ovary, retrieval of oocytes, spermatozoa preparation and selection, fertilization 

techniques, culture conditions, extended culture, embryo selection, embryo and gamete 

cryopreservation, and genetic preselection of the embryo, are just some of the areas of 

advancements over the years to make this a safe and robust field for patients to utilize, if needed, 

to have their families. My modest contribution in the field over the span of 25 years, is in a diversity 

of publications, sixteen of which are presented in this commentary, that cover ovarian stimulation, 

sperm quality, oocyte quality, and embryo selection. 

Firstly, I will discuss stimulation of the ovary for IVF cycles and the impact of its intricacy 

to the success of an IVF/ICSI (intracytoplasmic sperm injection) cycle. Controlled ovarian 

stimulation in IVF using clomiphene citrate (CC) was first introduced successfully by Trounson  
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et al in 1981. Clomiphene citrate increased the endogenous release of FSH and LH from the patient 

pituitary, stimulating the growth of more than one follicle in the ovary. The trigger of ovulation 

was human chorionic gonadotropin (hCG) for the resumption of oocyte meiosis. Usage of 

exogenous gonadotropins was described for controlled ovulation induction by Buxton et al (1958) 

and Gemzel et al (1960).  The use of controlled ovarian stimulation for IVF after the birth of Louise 

Brown quickly advanced the field into a routine treatment for infertility for patients with blocked 

fallopian tubes. However, early use of gonadotrophins resulted in 30% of cycles being canceled 

due to premature ovulation.  The introduction of GnRH agonist allowed the stimulation to go to 

the point of follicular maturation without the fear of premature ovulation. Later with the 

introduction of antagonists, the cycle for the patient became less affected with menopausal side 

effects. This report will outline my contributions in stimulation towards oocyte maturation 

(Greenblatt et al 1995), comparison of HMG to purified FSH (Weissman et al 1999) in an IVF 

cycle and use of aromatase inhibitors for patients with normal ovarian reserve (Haas et al 2017) 

and later on the effects of aromatase inhibitors on VEGF and PEDF and their effects on OHSS 

(Haas et al 2018). 

Secondly, as the success of invitro fertilization with intracytoplasmic sperm injection 

(ICSI) is not only dependant upon stimulation of competent oocytes but is also very dependent 

upon quality of all gametes involved. It was of logical progression that spermatozoa and oocytes 

be studied as the science was evolving. When ICSI was introduced as a treatment for severe male 

factor infertility (Palermo et al 1992), this was an exciting breakthrough for these patients. 

Spermatozoa are of diverse quality in patients with infertility, especially for ICSI patients, since 

substandard sperm quality is the major indication of this technique. Specimens with low 

concentration, low motility and low morphology are all indications for ICSI as well as those 

patients with fertilization failure with IVF with normal sperm parameters. We described a method 

for identifying sperm without the capability to fertilize naturally. The hyaluronidase activity assay 

helped us classify patients who had normal sperm parameters but low fertilization potential with 

IVF. These patients would be indicated for the ICSI program without going through the hardship 

of a failed IVF cycle (Abdul-Aziz et al 1995).  ICSI brought new challenges in dealing with 

substandard sperm specimens. Men with obstructive azoospermia were now able to have genetic  
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children using surgically retrieved sperm from the epididymis. This was done using either freshly 

retrieved sperm or frozen sperm. We found both were successful (Garrels et al 1998). However, 

we and others found challenges with finding motile sperm from frozen specimens. Techniques 

such as the hypo-osmotic swelling test were shown to help the embryologist select viable non-

motile sperm for injection thus helping more of these patients with challenging specimens get 

pregnant (Casper et al 1996). I will also discuss DNA integrity in the sperm of infertile patients 

and show that it is lower in these patients and that DNA integrity is inversely proportional to sperm 

morphology (Lopes et al 1998). I will also demonstrate that biologically, embryos developed from 

sperm with high DNA fragmentation may have an increased risk of being abnormal (Zini et al 

2005). This is an important screening test for infertile men, so that the physician may help with 

the management of this symptom for these patients.  The use of immature sperm will also be 

discussed as some patients with non-obstructive azoospermia have no mature sperm in their 

ejaculate. Surgically retrieved sperm from the testicle was found to be useful if sperm was found 

in the specimen (Silber et al 1995). However, this is not always the case.  Patients with non-

obstructive azoospermia (NOA) have been shown to have sperm less than 50% of the time in 

surgical specimens (Tournaye et al 1997).  Using sperm precursors such as elongated and round 

spermatids was demonstrated to be marginally successful in animal models (Sofikitis et al 1994) 

and was performed in humans with some success by Fishel et al (1995). I will present our results 

over a 13-year period with the use of spermatids (Elliot et al 2018). 

Lastly, I will discuss my contributions to the evaluation of the oocyte, and the resulting 

embryos. Oocytes were clinically mysterious until the technique of ICSI was introduced. Oocytes 

were rarely visualized before fertilization without their outer vestments intact. After denuding the 

cumulous corona cells became routine, embryologists began to note the unique cytoplasmic 

qualities, extra-cytoplasmic qualities and the potential benefits of noting these characteristics from 

cycle to cycle. I identified an oocyte dysmorphism as a negative predictor of success, not only in 

the pregnancy rate of said cohorts in which this dysmorphism is repetitive from cycle to cycle, but 

in the sibling, oocytes lacking the phenotype, possibly identifying an underlying factor for which 

the characteristic may be a symptom (Meriano et al 2001).  I have also characterized three 

phenotypes of multinucleation in the resulting embryos that may prove beneficial to selecting 

embryos that are more likely.   7 



chromosomally normal.  Repeating this study (with some modification) using more modern 

technology has shown the initial premise was reproducible (Meriano et al 2004, 2019). Embryos 

resulting from IVF/ICSI cycles grow at various rates, I will discuss the disposition of slower 

developing embryos (Haas et al 2016, 2018) and their contributions to pregnancy as well as a 

novel technique for culturing frozen/warmed embryos for a better pregnancy rate (Haas et al 

2018). 

My contributions to the field of assisted human reproduction have been modest, but science 

evolves one small step at a time and any contribution will always help to advance the management 

of human fertility. 
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Chapter 2. Clinical Observations 

The first IVF live birth was the result of a natural cycle where no external gonadotropins were 

given; however, it was not long after this that superovulation was a standard in IVF clinics for the 

stimulation of multiple follicles. The exogenous addition of human menopausal gonadotropins 

(hMG) increased follicle growth over the natural cycle. LH and FSH each have important roles in 

stimulation and oogenesis. The female anterior pituitary gland, under hypothalamic control (GnRH 

pulses) secretes both LH and FSH.  Basal levels of LH act on the LH receptor on the theca cells of 

the antral follicle during follicular growth. The theca cells in turn produce androgens such as, 

androstenedione and testosterone. These androgens are then transported across the basal lamina to 

the granulosa cells in the follicle to be aromatized (under control of FSH) to estradiol and other 

estrogens. During the follicular phase the granulosa cells produce large amounts of estradiol. FSH 

also induces LH receptors on mural granulosa cells. The estradiol produced has a positive feedback 

effect on the release of LH from the pituitary at mid-cycle. During the midcycle surge, LH has an 

important role in completing oocyte maturation from prophase I to metaphase II. Prophase I of the 

first meiotic division is the first stage of arrest in the oocyte’s meiotic cycle. The oocyte may 

remain at this stage for up to 40 years.  Upon antrum formation, hormonal activity begins 

maturation of the follicle and the oocyte. Gonadotropin receptors on the granulosa cells receive 

FSH or LH and stimulate production of high levels of cyclic adenosine monophosphate (cAMP).  

The high concentration of cAMP aids in androgen aromatization for female steroid (Estradiol) 

production and maturation arrest of the oocyte. High levels of cAMP are transported from the 

granulosa cell to the oocyte via transzonal projections that end in gap junctions at the surface of 

the oolemma.  Maturation promoting factor (MPF) which increases in concentration and drives 

maturation after LH surge, is thought inhibited (before surge) by increased concentrations of 

cAMP, thus holding the oocyte at Prophase I until proper hormonal timing is reached. Protein 

kinase “substrates” that are dependent on high levels of cAMP help maintain meiotic arrest 

indirectly by maintaining a phosphorylated state until cAMP levels drop, and the substrates are 

subsequentially dephosphorylated at the surge so that the kinases (p34cdc2) and cyclins (cyclin 

B2) of maturation promoting factor can promote germinal vesicle breakdown (GVBD) and the 

maturation of the oocyte. 
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 Granulosa cells diffuse purines (“hypoxyanthine and adenosine”) over the gap junctions to the 

oocyte.  These are needed for extensive protein and mRNA synthesis in the oocyte before germinal 

vesicle breakdown (GVBD). The storage of these purines helps maintain meiotic arrest during 

transcription. Mos-protein has been shown to be an inhibitor of meiosis at the metaphase II stage 

(the oocyte’s second arrest stage). Derived from the proto-oncogene, c-mos, mos-protein activates 

the mitogen associated protein kinase pathway (MAP-kinase). The activation of MAP–kinase may 

modify maturation signals already initiated by MPF, thereby inhibiting the oocyte to continue into 

meiosis. The LH surge resumes meiosis by breaking transzonal processes to the oocyte hence 

lowering levels of cAMP in the oocyte and driving forth maturation by the mechanisms described 

here, only in an excitatory fashion (Elder and Dale 2011). 

The oocyte is released approximately 36 hours after LH surge, arrested at metaphase II of 

meiosis. FSH action at midcycle leads to a downstream pathway resulting in mucification, and 

expansion of the granulosa/cumulus cells in preparation for fertilization. It is this axis that 

gonadotropin releasing hormone (GnRH) agonists suppress by downregulation of GnRH receptors 

on the anterior pituitary. This receptor downregulation prevents the release of FSH and LH, 

stopping the production of estradiol in ovary and preventing a gonadotropin surge. This 

suppression allows control of stimulation of the ovary by adding back pharmaceutical FSH to the 

cycle and regulating follicle growth and estradiol production. 

Controlled ovarian stimulation is designed to stimulate and mature multiple follicles and 

time ovulation. Before the use of GnRH-agonist in the stimulation protocol, many (up to 30%) 

cycles were canceled due to premature ovulation in mid-cycle (Smitz et al 1987). Conventional 

IVF in the 1980s and 90s used the fundamentals of this technique to stimulate multiple oocytes 

from patients for insemination invitro, however since oocyte maturation was assumed after hCG 

trigger, it could not always be accurately assessed whether the oocytes had reached metaphase II, 

since the cumulous corona complex obstructed the view of the cytoplasm and polar body of the 

oocytes. Follicular sizes varying between 1.4-2.2 cm gave diverse maturity of the resulting 

oocytes. Embryologists based maturation assessment, before insemination upon expansion of the 

corona radiata cells around the oocyte. Upon IVF insemination the oocyte’s vestments were left 

undisturbed, allowing any remaining cytoplasmic maturation and fertilization to occur.  
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Insemination cycles were 16-18 hours long, so that oocytes would display fertilization. However, 

with the use of ICSI in the early 1990s for male factor patients, the oocytes’ external somatic cells 

were removed to visualize nuclear maturity of the oocytes, since only meiotically mature (MII) 

oocytes were able to be inseminated using ICSI. If the oocyte was not metaphase II, it would not 

be used for ICSI. When our clinic first incorporated ICSI in 1994 the stimulation of choice for us 

was a short GnRH agonist protocol that we had used successfully for conventional IVF for 

previous 3 years. The reason for this was the use of less gonadotrophin for patient and therefore 

making the cycle more economical. However, I noticed almost immediately that most of our 

oocytes were immature when denuded of the cumulous-corona complex for ICSI. We designed a 

sequential trial to observe the difference between short agonist protocol where GnRH was started 

on cycle day 5 in follicular phase, concurrent with gonadotrophins and a long protocol where the 

GnRH agonist was started in the midluteal phase (day 21) of the previous cycle. Thirty-four 

patients were recruited where 17 received a short stimulation and 17 received a long suppression 

and stimulation. All 34 patients used Pergonal (hMG) (Serono, Mississauga Ontario, Canada) for 

FSH activity. We found a distinct difference in maturation rates; only 26% of oocytes were MII in 

the short group as compared to 81% in the long protocol group. We also found that cleavage rates 

were lower in the short protocol group and subsequent embryo transfer rates were also lower 

(Greenblatt et al 1995). This protocol worked sufficiently for our conventional IVF patients, as 

supported by Leondires et al 1999 who also found no differences between short and long protocol 

in their conventional IVF patients, however we found that this protocol was not ideal for our ICSI 

patients. The long protocol gave a higher number of mature oocytes similar to a study by Loutradis 

et al (1998) who studied the difference between two long protocols showing that maturation rates 

in both long regimes were comparable to ours. 

The type of gonadotropin, at the time was also evolving. The standard was the use of 

urinary human menopausal gonadotropin (hMG), containing equal parts of LH and FSH. The 

evolution toward mono-gonadotropin therapy introduced highly purified urinary FSH (pFSH) as a 

replacement to hMG for follicular stimulation, with higher FSH purity and less LH. We wished to 

compare this treatment to the previous use of hMG and verify that maturation, fertilization and 

ultimately embryo cleavage and pregnancy rates were maintained. I designed a retrospective 

analysis of 55 patients. Purified FSH was used for 35 patients and hMG for 20. Downregulation  
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was performed using GnRH-a in a long protocol (from day 21 of luteal phase) as previously 

described (Greenblatt et al 1995). The average age, cycle number, amount of gonadotrophin, 

mean oocytes retrieved were all no different in both groups.  The maturation rate was the same 

between pFSH and hMG group (78.8% versus 83.0%) as was the fertilization rate (68.9% versus 

64.1%). Embryos were transferred on day 2 of development and the mean number of embryos 

transferred in each group was the same (2.8 pFSH versus 2.7 hMG) (Weissman et al 1999). This 

was a novel study at the time that provided data showing that pFSH was comparable to the use of 

hMG and indeed the pregnancy rates were also similar but trended higher in the pFSH group (but 

not statistically significant). Hung Yu Ng et al (2001), in a prospective randomized controlled trial 

(RCT), found similar results when comparing hMG to recombinant FSH, an even purer form of 

FSH than purified urinary FSH. This group found that maturation and fertilization and pregnancy 

rates were not statistically different in either group.  

Urinary gonadotrophins were largely replaced using recombinant LH and FSH in the late 

nineties and the early millennium. Daya and Gunby (1999), conducted a meta-analysis of studies 

that compared urinary FSH (uFSH) to recombinant FSH (rec FSH) and found that over 12 accepted 

trials the common odds ratio was in favor of rec FSH for higher pregnancy rate. Recombinant 

gonadotropins are purer and have a better batch to batch consistency than urinary products.  

Further improvements in the field included the addition of GnRH antagonists in place of 

GnRH agonist. Antagonists offer an almost immediate LH suppression without a period of 

downregulation (of approximately 7 days) or acute LH flare. Less menopausal side effects are 

associated with antagonists. Also, since there is a lesser prolonged cycle suppression, less 

exogenous FSH is needed, providing some financial benefit for the patient cycle. However, a large 

review conducted by Tarlatzis et al (2006) found a slight, nonsignificant decrease in pregnancy 

rate in using antagonists over GnRH agonists. Otherwise most parameters are the same, including 

same or less amount of FSH needed and with LH addition not necessarily needed.  (Tarlatzis et al 

2006).  Cycles using antagonist can be triggered using endogenous LH by administering GnRH 

agonist, this protocol has been shown to decrease OHSS (Kol et al 2004), but since duration of LH 

surge is shorter than natural in this situation, supplemental HCG (1500IU/L) is generally given for 

luteal support for 2-3 days after transfer (Fauser et al 2002). 
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Our group had shown in a previous trial that the use of an aromatase inhibitor benefited low 

responder patients by increasing intraovarian androgen levels and increasing granulosa cell 

sensitivity to FSH, theoretically improving ovarian response to gonadotrophins (Mitwally and 

Casper, 2002) resulting in more oocytes retrieved. Intrafollicular androgens are aromatized into 

estrogens in the granulosa cells of the follicle. Inhibiting the aromatization of androgens to 

estrogens will increase intrafollicular androgen levels and make granulosa cells more sensitive to 

FSH theoretically recruiting more follicles.  We wished to study this protocol with normal 

responders and compare results with normal responding patients using gonadotrophin only. We 

included 87 IVF patients in each group. The diagnosis, maternal age and dose of gonadotrophins 

were same in each group. We found the length of stimulation, and estradiol levels were lower in 

the aromatase group. The number of oocytes (10 versus 14.5; p<0.01), mature oocytes (MII; 7.9 

versus 11.2; p<0.01) and blastocyst development, (2.7 versus 4.0; p=0.02) were higher in the 

aromatase group when compared to control group.  However, pregnancy rates were similar in 

either group. We concluded that the benefits for normal responders was, more oocytes retrieved, 

higher blastocyst production, lower circulating estradiol, and hence a lower risk of OHSS and 

theoretically lower risk to adverse events associated with high E2 i.e. thromboembolic events 

(Haas et al 2017). The lower risk of OHSS is an important finding. Sahin et al (2016) demonstrated 

that vascular endothelial growth factor (VEGF) in the rat is decreased when using letrozole during 

ovarian stimulation and PEDF (pigment epithelium derived factor) increases and is responsible for 

decreasing the effects of VEGF. VEGF is a known contributing factor of OHSS and has been 

shown to decrease with administration of letrozole (He et al 2104). However, we found 

contradicting results in a follow up trial (Haas et al 2018). We sought to compare levels of VEGF 

and PEDF in the follicular fluid of IVF patients treated with letrozole during their cycle. Twenty-

six patients were recruited, 13 of which were treated with letrozole throughout stimulation and 13 

were not. The study was under ethics board approval and patients gave their consent for 

intervention. We collected the first aspirate of follicular fluid after the first oocyte was found. The 

fluid was tested for estradiol, testosterone, progesterone, VEGF and PEDF. Serum levels were not 

done in this study.  As predicted, we found that testosterone levels were higher in the follicular 

fluid of the letrozole group when compared to the control group (246.5 nmol/L versus 40.7 nmol/

L, p<0.001, respectively) and estradiol levels were lower in letrozole group (2209 pmol/L versus  
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3280 pmol/L, p=0.02) as well. Progesterone did not differ in either group. However, we 

interestingly found that VEGF levels were increased in the letrozole group, and PEDF levels were 

decreased, even though estradiol results were lower, contrary to the murine findings of Sahin et al 

(2016). These findings were supported by an RCT by Mai Q et al 2017, where they hypothesized 

that OHSS was independent to serum levels of VEGF, since they found higher levels of VEGF in 

patients treated with letrozole. Concluding that this finding needs further research in larger 

randomized trials. However lower E2, higher testosterone and better oocyte and embryo numbers 

do favor use of an aromatase inhibitor for low responders. 

Proper stimulation for an IVF cycle is of importance mainly since stimulating multiple 

follicles is not a natural occurrence.  Primarily, the competence and viability of these follicles and 

corresponding oocytes is of utmost importance to the success of the cycle for the patient. As this 

portion of the science of reproductive biology in the human evolved, so did the understanding of 

the competence of the corresponding gametes. With the beginning of intra cytoplasmic sperm 

injection in 1992, the focus on the quality and maturity of patient gametes become amplified.  
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Chapter 3, Clinical Sperm Specimens 

The advent of clinical intracytoplasmic sperm injection (ICSI) in 1992 (Lanzendorf et al 1988, 

Palermo et al 1992b) provided new hope in having genetically related children through invitro 

fertilization (IVF) to patients with substandard sperm specimens.  Conventional IVF required 

certain concentrations of sperm in an ejaculate (> 15 million/mL) and a minimum progressive 

motility of approximately 20% for optimal fertilization rate to occur. IVF insemination as 

described by Edwards and Steptoe (1978), was the first extracorporeal insemination and 

fertilization performed in the human to result in a live birth. After numerous trials to fertilize 

human oocytes invitro, human IVF is described for the first time in 1969 (Edwards et al 1969) and 

eventually leading to successful conception and birth of Louise Brown in 1978 (Steptoe and 

Edwards 1978).  Conventional IVF requires motile sperm (approximately 50000) to be pipetted 

into a dish of oocytes in nutritive media.  If sperm parameters were below normal levels 

(concentration < 15 million/mL, < 20% motility and < 14% normal morphology) fertilization was 

low or non-existent.  Partial zona dissection (PZD) and sub-zonal insertion (SUZI) were precursors 

to the ICSI technique requiring a few motile sperm to be inserted into the perivitelline space of the 

oocyte. PZD allowed sperm to swim into the perivitelline space themselves after a small breach 

was made in the zona pellucida. Palermo (2018) stated recently, that SUZI was more successful if 

a small “dimple” was formed in the oolemma of the oocyte in which a sperm could be deposited. 

In doing this, the oolemma was breached “accidentally” in several cases and it was noticed that 

fertilization occurred consistently in these cases. After more research and trial, ICSI was born 

(O’Neill et al 2018). 

ICSI was ideal for specimens that had few cells, low motility or spermatozoa with low percentage 

of normal morphology. Fertilization failure in IVF was frustrating and stressful for the patient. 

ICSI offered hope to those patients that had sub-standard parameters in their specimens.  However, 

when ICSI was introduced, it was suggested that it be used for sub-standard samples only and 

failed fertilization with IVF (Palermo et al 1992).  The fertility community was patient and 

cautious in providing ICSI exclusively to all infertility patients until more data and research had 

been done to prove the technique’s safety to the children born of this technique. In 1996, Van 

Steirteghem published that children born from ICSI were no more likely (2.6%) to have   
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malformations then normal population.  Our clinic had adopted the ICSI technique into our routine 

in 1994. It was our policy to use this method for male factor patients only at first. However, we 

still experienced some fertilization failure in our IVF patients with normal semen parameters. Our 

group postulated that the hyaluronidase enzyme in the head of the sperm may have been deficient 

or inactive in these samples. Hyaluronidase enzyme acts on the hyaluronic acid substrate of the 

cumulous corona complex to allow spermatozoa to reach the oocyte for fertilization. This 

transition also capacitates and activates sperm to make them fertilizable.  An assay measuring 

hyaluronidase activity in sperm was developed by our group in 1995 (Abdul-Aziz et al 1995). This 

publication worked out the semen concentrations, specificity and logistics of a consistent assay for 

prediction of fertilization in IVF cycles. Also, values were established below which no fertilization 

was seen.  In a follow up study, I used this assay to predict which specimens were unlikely to 

fertilize with IVF and employed ICSI for these specimens. Since the sperm is directly injected into 

the cytoplasm of the oocyte, the outer vestments of the egg are bypassed. We found that 48 of 122 

samples had decreased or were lacking hyaluronidase activity, and of these 48, 21 demonstrated 

IVF fertilization failure. These specimens were used for ICSI and the fertilization rate was 59% 

which was comparable to the fertilization rate at the time for those semen samples that had normal 

enzyme activity (Abdul-Aziz et al 1996). This assay showed that if hyaluronidase level was low 

in semen sample, IVF fertilization rate would also be low and ICSI would be indicated.  However, 

it is also plausible that the enzyme deficiency is not the only issue in an IVF cycle with no 

fertilization.  VanBlerkom and Caltrider (2011) found that “oolemma lipid raft microdomains” 

were involved in the lack of attachment of the sperm to the oolemma in oocytes that were not 

fertilized invitro. Hence the lack of fertilization invitro could have multiple causes. The 

hyaluronidase assay was a useful tool for those who had normal sperm parameters and wanted IVF 

for the best chance of fertilization. This assay never caught on in the field, since at first, the only 

source of hyaluronate was extraction from the rooster comb and this source, we found was 

unreliable. Later, the source was bacterial hyaluronate, but by this time it seemed that practitioners 

were gaining trust in the ICSI procedure and would do half ICSI and half IVF if there was any 

doubt fertilization with IVF would occur. 

Sperm specimens for ICSI included ejaculates and microsurgical specimens (microsurgical 

epididymal aspiration, MESA) for those patients who had epididymal or testicular obstructions or 
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congenital absence of the vas deferens (CBAVD). During transition through the epididymis, sperm 

undergoes crucial chemical and structural changes related to DNA and plasma membrane to 

become able to fertilize an oocyte and gain motility. It was well known that specimens retrieved 

from epididymis did not fertilize well with conventional IVF or IUI due to immaturity of plasma 

membrane and poorer motility (Silber et al 1994). Therefore, ICSI was the only viable method of 

conception for these patients using partner sperm.  However, it was sometimes difficult for the 

female cycle to coincide with the male’s microsurgery. Therefore, freezing the surgically retrieved 

sperm was advantageous if it retained its viability. I suggested that we review our results for fresh 

and frozen epididymal sperm used for ICSI cycles to determine if this was the case. We published 

our study comprising 30 frozen/thawed MESA and 37 fresh MESAs. I found that the motility in 

the frozen group was lower (7.4%) than that of the fresh MESA group (14.9% p = 0.047), however, 

fertilization rate (51% versus 41% respectively) did not differ and pregnancy rates also did not 

differ (27% versus 30% respectively), since ICSI was used (Garrels et al 1998). This finding was 

corroborated by Tournaye et al (1998) who also found no differences in fertilization rates between 

frozen and fresh epididymal sperm. This group found an overall pregnancy rate drop per ICSI 

cycle (26.3 versus 39.5%) in the frozen group but found no significant differences when clinical 

pregnancy rate and implantation rate were calculated. 

The issue with the frozen MESA sperm was the motility upon thaw. The average motility we found 

was 7.4%, which was low as an average (Garrels et al 1998). This meant that a substantial fraction 

of patients had very low or no discernable motility in the sample. Motile sperm is obviously alive; 

however, non-motile sperm is difficult to discern viability visually.  This gave a challenge in 

finding viable spermatozoa for injection. Routine viability testing (Eosin Y) for sperm operates on 

the principle of dye exclusion; if the sperm is viable and the membrane is intact, the dye will not 

enter the cell and will appear clear.  If the sperm is non-viable, then the sperm will take in the stain 

and appear red under light microscopy. Viability testing, however, renders the sperm unusable for 

injection. Viability testing differentiates from all dead sperm (necrozoospermia), viable sperm that 

has an axioneme disorder or sperm that has lost motility and/or has died from freeze thaw process 

(Ortega et al 2011). We sought a vital method of determining viability of immotile sperm without 

damaging the cell.  Jeyendran et al (1984) developed the hypo-osmotic swelling test (HOS) to 

assess sperm for membrane integrity which implied sperm viability. Use of the HOS test with ICSI
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was proposed by Desmet et al (1994 abstract); however, this group used day old oocytes to 

evaluate the method, had very poor results, and apparently abandoned the technique. In a hypo-

osmotic environment, the sperm will take on fluid into the cytoplasmic space and if the membrane 

is intact (alive) the sperm tail will curl under the osmotic pressure.  I designed an experiment 

around using this method for completely immotile sperm, mainly from frozen MESA samples. We 

recruited 13 patients with 16 cycles with completely immotile sperm. We then used HOS test to 

select sperm for ICSI in 8 cycles, and we picked sperm based on morphology (no HOS) for another 

8 cycles. A viability stain was also performed on a fraction of the sperm before ICSI to compare 

results with HOS. The viability was the same as measured by Eosin Y staining and HOS (30.2% 

versus 31.1% respectively). However, fertilization (43% versus 26% with no HOS) and embryo 

quality using the cumulative embryo score (Steer et al 1992) (CES; 37.8% versus 22% no HOS) 

were significantly better in the cycles using HOS to pick viable sperm, thus showing that this 

method was a useful tool for patients with complete asthenozoospermia (Casper et al 1996).  This 

method has been modified and supported over the years (Lui et al 1997, Ved et al 1997, El-Nour 

et al 2001, Salam et al 2005). The concept was modified from the original Jeyendran solution of 

sodium citrate and fructose (25 mM, 75 mM) to 1:1 ratio of saline (0.9% NaCl) and Milli-q water 

or later to a simple 1:2 solution of culture media and milli-q water to a final osmolality of 150 

mOsmol/kg (Verheyen et al., 1997a;b), after finding that the original solution could be toxic to 

sperm after extended exposure. Most reports showed the same results; higher fertilization rates 

and higher pregnancy rates in the HOS selected sperm groups.  Salam’s (Salam et al 2005) RTC 

also showed higher fertilization rates and higher pregnancy rates.  Some version of the HOS test 

is still used in some laboratories today, including our own. It has been shown, however, in recent 

accounts that, the use of pentoxifylline (a methylxanthine that increases intracellular energy usage 

in viable nonmotile sperm) for testicular samples is more beneficial than using HOS, showing 

higher fertilization rates (pentoxifylline 62.05% versus HOS 41.07%) and clinical pregnancy rates 

(pentoxifylline 32% vs. HOS 16%). No significant difference in cleavage rates between both 

groups was seen. (Mangoli et al 2011). 

Having bypassed the natural vestments of the oocytes and identified viable from non- 

viable sperm (immotile), the next task at hand was assessing the quality of the sperm injected into 

the cytoplasm of the oocytes. Given the reduced physical parameters of sperm used for ICSI, the 
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likelihood of lower DNA quality was high (Lopes et al 1998). The focus now was on the integrity 

of the DNA of the sperm. Distinct evidence has shown that infertile men have higher levels of 

DNA damage in their sperm than do fertile men. (Evenson et al 1980, Zini et al 2001, 2002, Irvine 

et al 2000, Simon et al 2017). Sperm DNA “packaging” is unique to somatic cell DNA packaging. 

During spermiogenesis, DNA histone octamers, rich in lysine, are replaced by transition proteins 

and eventually by protamines (rich in arginine). Protamines are much smaller than histones and 

are able to “wrap” DNA tighter through addition of disulfide bridges between two cysteine 

molecules oxidized to one cystine. Proteins are locked into DNA’s minor groove by numerous 

disulfide bridges rendering the DNA “neutral, insoluble and invulnerable to external influences” 

(Balhorn 1982). However, if these crosslinks are incomplete due to unfinished histone/protamine 

exchanges from improper or abnormal maturation, unfinished apoptosis, pyozoospermia (white 

blood cells in sample), hematozoospermia (red blood cells in sample) or other external chemical 

influences, (oxidative stress), segments of the DNA may become damaged (Evenson 2016). In 

addition to this, sperm lacks DNA repair mechanisms since transcription and translation are ended 

after spermiogenesis (Gonzalez-Marin et al 2012). Varying reports show that extensive double 

stranded DNA damage or fragmentation in sperm may affect subsequent embryos and pregnancies 

(Garcia-Diaz et al 2000, Henkel et al 2004, Evenson 2016). We published a study in 1998 looking 

at the quality of semen parameters and the level of DNA fragmentation (using TUNEL assay) and 

correlation to the use of the ICSI technique for these specimens.  We collected sperm samples from 

150 ICSI patients and analysed the percent fragmentation of their samples and compared this to 

the level of fertilization using ICSI. In this study I observed a negative correlation between DNA 

fragmentation percentage and fertilization rate with ICSI. It was also found that low motility and 

low normal morphology correlated negatively to the level of DNA fragmentation, suggesting that 

when poor quality sperm samples are used for ICSI the likelihood of fragmentation of the DNA of 

these sperm is higher (Lopes et al 1998). In a recent study review, however, Simon et al (2017), 

showed that out of 92 studies, only 35 showed a significant negative relationship between high 

DNA fragmentation and fertilization rates. Fifty-five were ICSI studies; 42 showed no difference 

in fertilization and only 11 showed a negative correlation between high DFI (DNA fragmentation 

index) and fertilization. An explanation for this could be the nature of sperm selection during ICSI 

or the type of test used. Embryologists attempt to select the most “apparently normal”   
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looking sperm for injection based on head and tail morphology. Also, it is possible that DNA 

fragmentation does not always affect fertilization. Since we’ve shown that sperm morphology is 

inversely proportional to DNA fragmentation levels (Lopes et al 1998), it stands to reason that 

sperm selection for injection is paramount, so that a cell with fragmented DNA is not inadvertently 

used for ICSI.  High DNA fragmentation in sperm specimens has been shown to affect male 

fertility in-vivo (Evenson et al 1999, Zini et al 2001). It is plausible that using ICSI to select and 

inject sperm may to some extent circumvent some of the ill effects caused by DNA damaged sperm 

in-vivo. However, this may also unknowingly allow DNA damaged sperm (not discernible by 

morphology) to be injected into the oocyte. Some DNA damage in the resulting embryo may be 

repaired (ligases) if under a certain threshold (Ahmadi and Ng 1999) and continue to a live birth.  

Greco et al (2005) found if a specimen showed a DNA fragmentation index of >15% (using the 

TUNEL assay) the pregnancy rate was significantly decreased compared to specimens of below 

6% (5.6% versus 44.4%).  Indeed, there have been resulting pregnancies reported, (Zini et al 2005) 

however, higher miscarriage rates have also been reported in patients with high DNA 

fragmentation (Zini A, 2011). The method of measuring DNA fragmentation is also important, as 

some may measure different types of DNA fragmentation.  For example, both Comet and TUNEL 

assays measure both single and double stranded DNA breaks whereas the sperm chromatin 

structure assay (SCSA) measures the susceptibility to DNA fragmentation under adverse 

conditions (acid denaturation) based on the fact that “nicked” DNA  denatures more readily than 

normally packaged DNA and the sperm chromatin dispersion test (SCDt) which measures absence 

of DNA fragmentation based on halo size when DNA is “unravelled” (Simon et al 2017). This test 

suggests that undamaged DNA unravels into a larger halo then if damage is present.  In a more 

recent publication we did not find a correlation to low fertilization in patients who had high DNA 

damage using the SCSA method of testing. However, in this study I did learn that patients with a 

higher DNA fragmentation index, were prone to a higher percentage of multinucleated embryos 

(Zini et al 2005). Multinucleation in embryos is associated with higher levels of embryo 

aneuploidy (Munne et al 1995, Van Royen et al 2003, Fauque et al 2013, Ergin et al 2014, Sun L 

et al 2018) and increased miscarriage (Meriano et al 2004). Testing the male patient is a prudent 

practice for IVF cycles so that more information is gathered for the patient during treatment.  
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Treatment with antioxidants (CoQ10, L-carnitine, vitamin E, vitamin C) has been shown to be 

helpful in these patients to reduce DNA fragmentation before their IVF cycle (Gaul-Frau et al  

2017). Also, new sperm selection techniques have recently been reported, using hyaluronate 

binding assay and the physiological intracytoplasmic sperm injection (PICSI) dish for injection 

have been shown to help with selection of sperm with undamaged DNA (Miller et al 2019), 

however the benefit reported is lower miscarriage with no affect on pregnancy rate. 

Greco et al (2005) published a report suggesting that sperm DNA fragmentation (that is 

not related to apoptosis) occurs after release of sperm from Sertoli cells and is probably due to 

external influences. This group suggested using testicular sperm (as opposed to ejaculated sperm) 

in patients with high DNA fragmentation to avoid sperm exposed to an epididymal environment. 

They demonstrated that testicular sperm in these patients had significantly lower DNA 

fragmentation than ejaculated sperm in the same patients. We performed a randomized trial 

supporting this view and presented as a published abstract in 2009 showing some preliminary 

results in 19 men (Wehbi et al 2009). However, since this was an invasive treatment in patients in 

whom a testicular biopsy was not indicated, we did not get ideal recruitment and were forced to 

abandon the study. Testicular biopsy is generally reserved for those patients with obstructive or 

non-obstructive azoospermia. Testicular and epididymal sperm showed promising results in 

patients with obstructive azoospermia when sperm was retrieved (Silber et al 1995), however, 

injection of spermatids (haploid immature sperm precursors) had lesser results.  In an earlier 

experiment we showed that in patients with non-obstructive azoospermia, round and elongated 

spermatids had higher levels of DNA fragmentation largely due to decreased or lack of 

histone/protamine exchange. Also, in this study we looked at a murine model that lacked the Pp1cg 

gene involved in the initiation of histone/protamine exchange and these mice exhibited high DNA 

fragmentation in the round spermatids (Jurisicova et al 1999) confirming the notion of damage 

during incomplete histone/protamine exchange. In patients with non-obstructive azoospermia it 

was not uncommon to inject round or elongated spermatids into oocytes in those patients who did 

not wish to use donor sperm, as first suggested by Ogura et al (1995). We recently presented our 

results for 13 years of injecting elongated spermatids in extreme male factor patients who did not 

wish to use donor sperm. This was a retrospective chart review of 291 patients in two IVF centers. 
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Spermatids only were found in 57% (n =166) of patients using elongated spermatids and only three 

patients had a live birth (Elliot et al 2018 abstract, paper submitted for publication) showing very 

limited success. The male gamete, having been shown to be protected by special unprecedented 

DNA wrapping, but vulnerable to external pressures if not properly structured, is versatile in its 

ability for reproductive success. ICSI has helped in those patients with abnormal sperm parameters, 

abnormal DNA and obstructive and non-obstructive disorders. Tests like the hyaluronidase test, 

HOS test and DNA fragmentation tests have helped in the understanding of the fundamental 

structures and functions of sperm over the years and how patients with various sperm issues may 

be helped in their endeavour to have a genetic child. 
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Chapter 4: Oocyte and embryo observations 

Upon the introduction of intracytoplasmic sperm injection (ICSI) into our laboratory, we found 

that proper stimulation of the ovary was important for retrieval of competent and mature oocytes, 

as was proper sperm selection, and proper lab techniques. Oocyte competence is based upon proper 

follicular stimulation. Firstly, nuclear competence is acquired at LH surge or HCG trigger. 

Secondly, the oocyte must complete cytoplasmic maturation during follicular development and 

LH surge. Independent of the timing of nuclear maturation, cytoplasmic maturation is a sequence 

of steps that occurs during follicular development that makes an oocyte capable of activating, 

fertilizing and ultimately developing as an embryo. These steps include mRNA transcription, 

protein translation, adjustments of these protein modifications, reorganization of mitochondria and 

ultrastructural modifications to cytoplasm (SER and microfilaments) (Setti et al 2011, Sirard et al 

2006). Pharmacological stimulation of the ovary creates an unnatural amplified hormonal 

environment designed to stimulate and recruit multiple follicles, that may not normally be matured 

in a natural cycle, therefore permitting maturation of possibly compromised oocytes (Swain et al 

2008). The denuding of the oocyte’s vestments for ICSI revealed to us that stimulation was 

important for the retrieval of mature and competent oocytes (Greenblatt et al 1995). Another 

important feature revealed upon routine denuding of oocytes is the appearance of the cytoplasm. 

During conventional IVF, the oocyte cytoplasm was not observed until 18 hours post insemination. 

Embryologists had rarely seen a fresh non-inseminated oocyte’s cytoplasm until it was denuded 

for ICSI.  As ICSI evolved as a routine laboratory method, it was becoming evident that oocytes 

were as diverse in their cytoplasmic appearance as sperm cells were in their morphology and the 

interest in finding some relevant correlation to quality and health of the oocyte became a goal. Van 

Blerkom and Henry reported in 1992, seven features in the cytoplasm of the oocyte and the 

corresponding biochemical and metabolic characteristics of these features. Included characteristics 

were; dark coarse cytoplasm, vesiculation (coarse granulation), organelle clusters (central region 

of intense granularity), area free of organelles, dense inclusions, aggregation of smooth 

endoplasmic reticulum (SER), and vacuoles.  These authors suggested that repetition of these 

features from one cycle to another, reflected high aneuploidy in the resulting embryos. Some 

reports at the time showed that these dysmorphisms were simply phenotypic and showed no effect 

on fertilization and embryo cleavage (De Sutter et al 1996, Balaban et al 1998) while others  
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showed lower fertilization and embryo quality (Xia et al 1997, Serhal et al 1997). I observed 

repetitive and non-repetitive morphological features in the cytoplasm of the egg visible under light 

microscopy during the ICSI procedure and designed an experiment to determine whether the 

repetition of certain oocyte dysmorphisms would be relevant in patient ICSI cycles. Cytoplasmic 

phenotypes we noted and observed were organelle clusters, aggregates of smooth endoplasmic 

reticulum (SER), vacuoles, inclusions, and extra-cytoplasmic debris similar to those reported by 

VanBlerkom and Henry (1992). The study included 101 cycles in 67 patients with a mean age of 

<40 years. Patients were allotted to one of three groups. Group 1 consisted of patients with non-

repetitive dysmorphisms, in two consecutive cycles with > 50% of oocyte cohort showing 

dysmorphic features. Group 2 consisted of 32 cycles of 16 patients, with >50% of cohort showing 

some dysmorphism repetitively from one cycle to the next. Group 3 was a control group of 33 

patients with <30 % of oocytes showing any phenotype. Table 1 from the publication (Meriano et 

al, 2001) lists results.  Pregnancy rate in the repetitive group was lower than the non-repetitive 

group and control group (3.1% versus 27.7% and 45.5% respectively). The non-repetitive group 

also showed a lower pregnancy rate than the control group. The main characteristic in the repetitive 

group was organelle clustering in the oocytes. It was unclear whether the organelle clustering was 

the cause of the poor results or a symptom. However, we did learn that transferred embryos derived 

from this group that did not display the dysmorphism (33%) also contributed to poor results 

suggesting that even normal appearing oocytes in these cohorts may have an underlying issue 

(cytoplasmic, or molecular) without phenotype. Kahraman et al (2000) associated oocytes with 

central granularity (what we describe as organelle clustering) with cytoplasmic immaturity.  These 

authors observed a very low pregnancy rate (4.2%) associated with “centrally located granularity” 

consistent with our results. These researchers also found high aneuploidy rates in these oocytes 

(52%). Otsuki et al (2009) noticed that refractile bodies and lipofuscin bodies were within centrally 

localized granularity. Lipofuscin is an aggregation of oxidation products of lipids and proteins and 

is known to be related to aging (Otsuki et al 2007). Under oxidative stress, incomplete degradation 

of peroxidised lipids and proteins aggregate and in theory form central organelle clusters. It is 

unknown why this happens in some eggs and not others.  We did not find a difference in 

fertilization and cleavage rates, consistent with some reports (Serhal et al 1997, Balaban et al 1998, 

Yakin et al 2008) although we did notice that these fertilized embryos (as evidenced by low  
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pregnancy rate) were developmentally incompetent if organelle clustering was present, or worse, 

if it repeated from one cycle to the next.  This was an important observation cited in three text 

books (Elder and Dale 2011, Elder and Cohen 2007, Atlas of human Embryology 2012) allowing 

the physician more information when advising patients with such cycles. Van Blerkom et al (1997) 

found that an oocyte with “disorganized cytoplasm” was related to hypoxia of the follicle, 

decreased ATP and was associated with higher rates of aneuploidy. This may be an explanation 

for the poor outcome of these oocytes, as they may have enough energy to fertilize and cleave but 

lack sufficient energy for continued development into genomic activation and further embryonic 

development. Disorganization in oocytes that are not fully grown and pushed into meiotic 

competence prematurely may be induced by artificial hormonal environment produced by 

exogenous FSH. In a recent trial from a group in Picardy, France, Merviel et al (2017) showed a 

correlation between high levels of pesticides in the environment and high proportion of centrally 

located cytoplasmic granulation (CLCG) in patient oocytes. These authors demonstrated that 

patients with higher levels of central granularity (CLCG) in their oocytes had lower pregnancy 

rates compared to lower CLCG (14% versus 32% respectively), higher miscarriage rates (47% 

versus 17% respectively) and were associated with higher exposure levels of pesticides. This paper 

relates negative results for this dysmorphism based upon a negative stimulus thus implying that 

CLCG may be an abnormal feature. 

Of course, the ultimate goal of IVF and ICSI is the pregnancy of a healthy baby. The 

morphological assessment of oocytes and sperm is an important step (in vitro) to the eventual 

production of an embryo for transfer to the patient. The selection of the best embryo for transfer 

has long been a subject of much research and observation as technology evolved over the years 

since the birth of the first IVF baby. Before the introduction of time lapse technology, 

embryologists relied upon morphological clues visible under light microscopy and present in the 

embryo as it developed in culture.  Some examples of developmental characteristics are as follows; 

pronuclear morphology (Scott et al 1998, Tesarik et al 1999), symmetrical cell division (Munne 

et al 1995), cytoplasmic fragmentation (Alikani et al 2000), and multinucleation of blastomeres 

(Kligman et al 1996, Van Royen et al 2003, Meriano et al 2004). Multinucleation in the 

blastomeres of the developing embryo has been suggested to be an indicator of abnormal cell 

division and embryonic incompetence and is associated with improper chromosomal segregation 
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due to disorganized meiotic spindle and therefore higher chances of aneuploidy (Pickering et al 

1990, Munne et al 1998, Alikani et al 2000). However, two recent reports have shown that these 

embryos may “correct themselves” through clonal depletion and lead to normal pregnancies and 

live births (Aguilar et al 2016, Balakier et al 2016). Balakier et al (2016) however, reported a 33% 

implantation rate for euploid multinucleated embryos compared to 76% implantation for euploid 

non-multinucleated embryos, a noted difference indeed. Many reports support that these embryos 

are likely more aneuploid than mononucleated embryos and have lower implantation rates and 

higher miscarriage rate (Desai et al 2018, Desch et al 2017, Ergin et al 2014). Tesarik et al (1987) 

injected radiolabeled thymidine into multinucleated blastomeres of research embryos and found 

that some DNA of these embryos can be excluded from the daughter cell nucleus resulting in 

abnormal embryos. Suggesting that even though subsequent division results in mononucleated 

blastomeres, the damage had been done, possibly through improper segregation, possibly through 

anaphase lag. In our laboratory we observed three phenotypes of multinucleation on day 2 of 

development; binucleation, micronucleation and phenotypic multinucleation. In most published 

reports, the presence of more than one nucleus in a cell or blastomere is referred to collectively as 

multinucleation, regardless of the size of nuclei. We hypothesized that these phenotypes may have 

different causes and therefore different outcomes if used for transfer. I also wished to determine if 

the mononucleated embryos that were transferred in the various cohorts were affected by the 

presence of multinucleated embryos.  In my 2004 study, (Meriano et al 2004), two phenotypes 

were compared, binucleated embryos with micronucleated embryos. Binucleated embryos (BN) 

were defined as having two nuclei of the similar size in one or more blastomeres at 48 hours of 

development and micronucleated (MN) embryos were defined as having one larger nucleus 

accompanied by one or several more of significantly smaller size in one or more blastomeres. 

Phenotypic multinucleated embryos (those with more than two nuclei of similar size) were not 

included in this study due to low numbers in the cohort. These were included in a follow up trial 

in 2018 (Meriano et al 2019 submitted for publication).  The experimental design was a 

prospective, cohort trial, including all ICSI cycles that had at least one multinucleated blastomere.  

We compared cycle parameters of these embryos as well as euploidy (performed using florescence 

in situ hybridization; FISH) and time-lapse characteristics.  Binucleated embryos had higher 

blastulation rate when compared to micronucleated embryos (38.2% versus 8.6% respectively, 

p=0.001).      26 



Ongoing pregnancy rates of the mononucleated sibling embryos transferred was lower in the 

micronucleated group as compared to binucleated group and the group with both phenotypes. 

(15.4% versus 48.0% and 31.0% respectively, p=0.031). This finding was also described by 

Jackson et al (1998). This author found a significantly lower pregnancy rate in those cycles where 

multinucleated embryos were transferred as well as when mononucleated sibling embryos from 

multinucleated cohorts were transferred.  This suggests that sibling mononucleated embryos from 

multinucleated cohorts may have an underlying condition of which multinucleation may be an 

indication. Aneuploidy analysis in our study showed BN embryos were significantly more normal 

than micronucleated derived embryos (32.1% versus 3.7%, p=0.016). Time-lapse analysis in this 

study showed that the nuclei dissolved independently of each other suggesting the possibility of 

abnormal chromosomal segregation.  This finding was not repeated in a recent time-lapse study 

by Aguilar et al 2016. However, the difference could be that the image capture times were 20 

minutes in their study and 2.5 minutes in ours, leading to increased image capture. We noted from 

the literature that multinucleation is associated with abnormal events such as hypoxia of 

developing follicle (Van Blerkom et al 1997), aggressive stimulation (Jackson et al 1998), in vitro 

maturation of oocytes (Balakier et al 2004), high DNA fragmentation of sperm (Zini et al 2005) 

and poor pronuclear morphology (Meriano et al 2004). We identified that binucleated embryos 

are normal more often than are micronucleated embryos. Our conclusions in this study were in 

accordance with the future Alpha guidelines (Alpha 2011), that multinucleated embryos should 

only be transferred if the patient has nothing remaining and with accompanied counselling, listing 

higher risks of miscarriage.  

In a follow up study in 2018, I wished to follow our multinucleated patients that were also 

slated for preimplantation genetic testing for aneuploidy (PGT-A) and test the multinucleated 

phenotypes with the newer technology available (Next Generation Sequencing NGS). Study 

design was a retrospective cohort trial.  Patients consented to have their multinucleated embryos 

tested along with their mononucleated embryos.  In this study we had sufficient phenotypic 

multinucleated embryos to include in this cohort comparison of the 3 phenotypes of 

multinucleation; binucleation, micronucleation and phenotypic multinucleation. I included 140 

PGT-A patient that had at least one multinucleated embryo in the cohort. Embryos were observed 

for multinucleation at day 2 of development and had either one or more blastomeres with   
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multinucleation. Embryos were grown to day 5 and blastocysts were biopsied and subsequentially 

vitrified for later transfer.  PGT-A results were received a week later and reconciled with frozen 

embryo for future thaw and transfer. Results of embryo ploidy are shown in table 4 of publication 

and below (Meriano et al 2019). 

Table 4.  Euploidy of multinucleation phenotypes: 

Euploidy rate of separate multinucleation phenotypes. Nb: P Value in comparison to mononucleated embryos. 

Euploidy results were similar to our previous FISH study. However, micronucleated embryos were 

10.2% euploid as compared to the 2004 study (3.7%) but still substantially lower than 

mononucleated embryos. In this study we transferred embryos derived from BN, FN 

(micronucleated) and phenotypic multinucleated embryos (pMN) if they were determined as 

euploid by PGT-A testing.  Clinical pregnancy rates of BN, FN, pMN and mononucleated embryos 

were 23.1%, 17.3%, 25% and 44.5% respectively. The micronucleated embryo pregnancy rate was 

significantly lower than mononucleated embryos (p=0.03). When grouped together, all 

multinucleated phenotypes had ongoing pregnancy rates lower than mononucleated embryos (20% 

versus 44.5%, p=0.002) and had a higher miscarriage rate than mononucleated embryos (44% 

versus 6.2%, p=<0.001). This study came to a similar conclusion as our previous trial and other 

agreeing authors and Alpha society (2011), that multinucleated embryos should be transferred only 

if the patient has nothing remaining, embryos should be genetically euploid and patients should be 

counselled regarding a higher miscarriage rate.  
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Phenotype n Σ Euploid % Euploid P value 

Binucleated 105 28 26.7 P<0.001 

Micronucleated 59 6 10.2 P<0.001 

Multinucleated 

phenotype 

59 11 18.9 P<0.001 

Mononucleated 391 152 38.2 



Routine culture of human embryos in the embryology lab consisted of nutritive culture media 

(HTF, Ham’s F10, B2 Menezo) and an added protein source (SSS, HSA, patient serum) and 

incubation at physiological temperature, humidity and pH. In the eighties and early nineties, 

fertilized IVF embryos were routinely cultured to day 2 or 3 for transfer (cleavage stage embryos; 

2 cell, 4 cell or 8 cell) but the implantation rate and live birth rate remained low (10-30%) (Gardner 

et al 2000). As the culture system evolved in the late nineties, the concept of culturing embryos 

routinely to day 5 and day 6 blastocysts was becoming a reality. Since embryos, in vivo, were 

usually blastocysts by the time they arrived in the uterus from the fallopian tubes after fertilization, 

it stood to reason that the results of IVF could be enhanced if they were routinely transferred from 

IVF cycles as blastocysts. Culture media reflected this shift as the chemical requirements in the 

oviduct and the uterus were discovered to be very different and the needs of the cleavage stage 

embryos and blastocysts would also differ significantly (Gardner et al 2000). Not only would the 

pregnancy rate be improved in theory, but physicians could transfer fewer embryos and reduce the 

multiple gestation rate as well.  Gardner and Lane reported the use of sequential media containing 

amino acids and increased glucose to meditate growth through genomic activation and growth of 

embryos to blastocyst (Gardner and Lane 1997) reportedly enhancing the pregnancy rate (Gardner 

et al 2000). Genomic activation is the clearance from maternal gamete control (maternal mRNA 

and proteins) to activation of the embryonic genome incorporating paternal genome and 

imprinting, to totipotence through gene expression. Culture media may not directly cause this, but 

it does support the embryo during this transition. This modified culture method became the new 

standard for embryology labs. The first IVF baby Louise Brown was cultured to blastocyst stage 

in Ham F10 media. However, this would not be the norm for embryo culture thereafter in routine 

IVF labs until late nineties. The transition to routine blastocyst culture was a lengthy one, given 

the possibility of the patient cohort not yielding blastocysts and therefore resulting in no transfer. 

This possibility gave physicians and scientists pause as they cautiously embraced the newer 

methods. As sequential media evolved, this possibility decreased as blastocyst rates rose to 50-

70% of zygotes. However, routine culture of IVF embryos to blastocysts showed a diversity in the 

growth rate and morphologies of the resulting blastocysts in different clinical embryology 

laboratories. 
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Cryopreservation of embryos and blastocysts also evolved from slow freeze methods to the 

faster more robust method of vitrification. The slow freeze method used intracellular 

cryoprotectants (propanediol, or ethylene glycol) and extracellular cryoprotectants (sucrose, 

trehelose) for slow dehydration of the cells before ice nucleation (seeding) and plunging into liquid 

nitrogen. This method exposed cells to cryoprotectants for 1-2 hours at incremental rates of 

temperature decreases, before introduction to LN2 temperature (-196o C).  Ice crystallization was 

an issue in this method and subsequent survival (70-80%) and pregnancy rates (20-30%) illustrated 

this problem with slow freeze method (Valojerdi et al 2009). However, vitrification used the 

intracellular cryoprotectants DMSO and ethylene glycol and extracellular cryoprotectants sucrose 

or trehelose for rapid freezing forming a “glass state” around the embryo thereby minimizing ice 

nucleation and ice crystal formation since dehydration was rapid rather than gradual as in slow 

freeze, improving survival rates (96.1%) and clinical pregnancy rates (40.5%) significantly 

(Valojerdi et al 2009). Successful vitrification of mouse embryos was first reported by Ali et al in 

1993, and successful vitrification of human oocytes in 1999 by Kuleshova et al. 

The progression of IVF labs from cleavage stage transfers and slow freeze led to routine 

blastocyst culture and vitrification of the extra blastocysts for future frozen embryo transfers. In 

our lab we found that blastocysts grew at different rates and we wished to determine whether this 

was an indication of quality or health of the embryo or simply normal growth rates.  We published 

a trial with the intention of comparing pregnancy results of vitrified day 5 embryos to vitrified day 

6 embryos that were cultured to day 6 because they were not of freezing quality on day 5 (Haas et 

al 2016). The policy in our lab was to continue to culture embryos to day 6 if they were morulae 

on day five. We wished to learn this slower rate of growth was an indication of embryo health. We 

included 791 frozen embryos transfer cycles (between 2012 and 2015), 527 of which were vitrified 

on day 5 and 254 vitrified on day 6. Parameters of the two groups were comparable (i.e. age and 

survival rate of the embryos). We found that clinical pregnancy rate was higher for embryos frozen 

on day 5 (44%) than on day 6 (33%, p=0.002) even though embryo quality was higher in the day 

6 group given the extra day of culture. Tubbing et al (2018) found a similar result when comparing 

day 5 and day 6 embryos. 
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 This group found a pregnancy rate for day 5 frozen blastocyst of 43% versus 23% for day 6 

(p < 0.001). Barrenetxea et al (2005) studied the difference in day 5 and day 6 embryos transferred 

in fresh IVF cycles. They also found a higher pregnancy rate in day 5 transfers. Slower growing 

embryos have not been associated with higher aneuploidy rates (Kroener et al, 2012; Capalbo et 

al 2014). However, Taylor et al (2014) did find that day 5 blastocysts had a better chance of being 

euploid than day 6 embryos. Our finding of better pregnancy rates from day 5 embryos than day 

6 embryos was interesting in the fact that the day 6 group had a more developed embryo frozen. 

However, the limitation of our trial was the fact that day 5 embryos were warmed, cultured 

overnight and transferred on day 6 of progesterone but day 6 embryos were thawed the morning 

of transfer and transferred 2-4 hours later. This difference in thawing times was due to physician 

decisions in scheduling frozen embryo transfers. Certain physicians would desire an early transfer 

time for their patient’s FET. For these transfers we would thaw late afternoon the day before 

transfer and culture embryos overnight. Most blastocysts would grow and expand in this culture 

period. I had in the past thawed embryos the night before when using the slow cryopreservation 

method and found that pregnancy rates were higher. This was a topic of a poster presentation 

(unpublished) for Canadian Fertility and Andrology Society (CFAS) in the early 2000’s. I decided 

to maintain this procedure and monitor results as we continued to find better results compared to 

the handful of physicians who still preformed transfers on day of thaw.  I decided to study this 

current method in a retrospective cohort trial of all our patients that had day 5 embryos 

cryopreserved and thawed night before transfer (Haas et al 2016). Three hundred and seventy-

five freeze/thaw cycles were included in this study. Only day 5 vitrified embryos were included 

in study. Embryos were warmed and cultured for 20-22 hours before transfer and replaced on day 

6 of progesterone.  We allotted embryos into three groups; good quality, fair quality and poor 

quality as assessed on day of vitrification. Embryos in the lab were graded using the Gardner 

method (Gardener and Lane 1997) of classifying then transposed to simplified SART system 

reported by Heitmann et al (2013).  Good quality blastocysts were those with inner cell mass 

(ICM) and trophectoderm (TE) of A or B, fair quality were those  with B ICM and A, B or C TE, 

and poor quality were those with ICM of C and TE of C or B. Good quality embryos that stayed 

the same and good quality embryos that improved their grade overnight had the same high 

pregnancy rates (46.2% and 51.7%, respectively).  
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Those embryos that were graded as poor or fair upon freezing and were cultured to a better grade 

after thawing had a higher pregnancy rate (25.4%) than those fair embryos that stayed the same 

(9%, p=0.05).   Embryos that were graded as poor, fair or good quality and decreased quality after 

culture, had a low pregnancy rate of 14.3% with a 0% ongoing pregnancy rate. Therefore, we 

found this warming and overnight culture method to be useful for enhancing fair embryos, 

predicting success and allowing for scheduling issues without affecting patient results and in some 

cases improving their chances of pregnancy.   

Blastocyst grading has also evolved since culturing embryos to blastocyst has become the 

routine in the IVF lab.  The Gardener method (Gardener and Lane 1997) is the most common 

method of grading. This method grades blastocyst expansion and blastocoel cavity as 1-6, inner 

cell mass (ICM) as A-C and trophectoderm as A-C. However slower growing embryos such as 

morulae and cavitating morulae are left out of these grades. Cavitating morulae are sometimes 

assessed as Gardner 1CC depending on the clinic. In our clinic we do not include these in our 

blastocyst grades, they are graded as cavitating morulae.  Day 5 morulae (MOR) and cavitating 

morulae (CAV) are considered for transfer if the patient has few embryos or no blastocysts. 

Morulae are cultured to day 6 in the hopes of having more embryos to vitrify. When our clinic 

was assessing the transition to single embryo transfer, we analysed our non-selective single 

embryo transfer (neSET) for those patients who only had one embryo for transfer for clues to help 

us select the best embryo for elective single embryo transfer (eSET). I found that morulae and 

cavitating morulae had a lower pregnancy rate than developing blastocysts but still had a 

pregnancy rate, so these cycles were worth analysis. At first, I found that CAV and MOR had 

similar pregnancy rate (PR) when allowed to develop to day 6 (Meriano et al unpublished abstract 

CFAS 2006) but significantly lower than blastocysts. In 2018 we sought to compare our 

pregnancy rates between morulae and cavitating morulae and analysed 3321 frozen embryo 

transfer cycles with delayed development, including 10304 day 5 embryos that were cultured to 

day 6 for development (Haas et al 2018). We performed 186 fresh single embryo transfers, 82 

were morulae and 104 were CAV. The ongoing PR was similar in both (15.8 versus 17.3% 

respectively). We analysed our FET results for MOR and CAV and found the same ongoing PR 

(21.3% versus 24.7%). However, we found that cavitating morulae formed blastocysts at a higher 
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rate (39.2%) than morulae (20.4%, p<0.001) and formed top quality embryos on day 6 more often 

as well (35.9% versus 17.7%, p<0.001). The pregnancy loss rate was also high in the morulae 

group but was not statistically different due to sample numbers. The importance of this finding is 

that slower developing embryos still have a reasonable pregnancy rate but lower blastocyst 

development. This study was selected for an editorial comment in a recent publication (Poole T, 

2019) where the author acknowledged the difficulty of dealing with slow developing embryos 

when they are sometimes the only ones that patients have. This observation agrees with our 

position of culturing slow embryos to observe their development and freezing if they develop 

further.   

Chapter 5: Conclusions 

In this commentary, I have presented my articles that have been related to the evolution of 

the field of assisted reproductive technology in the human. Always focused on the objective of 

improving the chances of safe pregnancy for patients, I have studied aspects of ovarian stimulation, 

sperm methods, oocyte morphology, and embryo morphology in hopes to contribute to the body 

of knowledge and information as this field grew.  Infertility patients suffer from a variety of issues 

that contribute to the need for intervention for them to conceive and have a family. When Doctors 

Edwards and Steptoe announced the birth of Louise Brown as the first ever IVF baby (in 1978), 

they started the birth of a scientific field that would eventually help millions of infertile patients 

have families. Some challenges to overcome were developments in ovarian stimulation that would 

result in oocytes capable of fertilizing and developing outside the human body and still maintaining 

the all-important ability to develop into a baby when replaced back into the uterus. Evaluations of 

certain ovarian drugs at the time, helped us determine the best course for our patients (Weismann 

et al 1999, Haas et al 2017, 2018) especially those with low ovarian reserve. Gamete health and 

maturity is of utmost importance for success in IVF and later ICSI. We showed that stimulation 

was of importance for retrieval of the most competent and mature oocytes for ICSI. (Greenblatt 

et al 1995). Patients that had normal sperm parameters that did not fertilize with conventional IVF 

were shown to possibly have an enzyme deficiency that helped us determine the method of 

fertilization in hopes to avoid a failed cycle. Even though this method did not persist as routine, 

the concepts and methodology would help us evolve to new ones.  Male gametes were a focus of  
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my research encompassing sperm selection for ICSI in non-motile specimens and specimens 

surgically retrieved. Our publication on the use of the HOS test for selection of immotile sperm 

was well cited as other researchers added their modifications to its effectiveness and improved the 

use and efficacy of the method. The research of sperm DNA integrity was also the focus of three 

more publications (Lopes et al 1996, Zini et al 2005, Jurisicova et al 1999)) showing correlation 

of DNA integrity to sperm morphology, maturity and ultimately, the importance of DNA integrity 

to resulting embryos and pregnancies. These three publications were also well cited as other 

researchers added to the body of knowledge related to sperm DNA and infertility.  Immature sperm 

was highly researched as ICSI became more prevalent as a method of insemination in these 

patients. However, it seemed that we treated patients with less and less mature sperm with ICSI, 

to the point where it severely affected the success of these patients. We recently reported in a 

published abstract that our live birth rate using elongated and round spermatids was very poor over 

a 13-year period (Elliot et al 2018). 

Oocytes are equally important in the success of patients using this technology. As ICSI 

became routine in the late 90’s, the emergence of articles centering on oocyte cytoplasmic 

morphology as a correlate to oocyte quality became the norm. I authored a publication in 2001 

focusing on patients that had cohorts of oocytes that repetitively showed specific dysmorphic 

cytoplasm.  We identified organelle clusters as a feature that if repetitive, were associated with a 

very poor pregnancy rate.  The images and concepts from this paper were well received and were 

published in three text books on embryology (Elder and Dale 2011, Elder and Cohen 2007, Atlas 

of human Embryology 2012) (Meriano et al 2001). Further, embryo morphology was also a very 

important topic as in vitro culture became longer (blastocyst) and single embryo transfer became 

the norm to alleviate high order multiples. Embryologists reported many facets of embryo 

characteristics including fragmentation, pronuclear morphology, cell symmetry and embryo 

multinucleation.  I reported that multinucleation in human embryos was likely an indication of the 

higher possibility of abnormality and the presence of different phenotypes could represent different 

causal factors. Furthermore, we identified the asymmetric dissolution of the nuclei in time-lapse 

images suggesting that mitosis beginning at different times involving chromosomes out of sync 

with each other could indicate the development of aneuploidy.   
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We modified our assessment to add a third phenotype and followed up with another study using 

the latest technology in genetic diagnosis (NGS) with similar results (Meriano et al 2018 

submitted RBMOnline). Embryo grades and developmental speed became the next course of 

study showing that not all embryos develop at same rate and showing that slow embryos are indeed 

worth continuing in culture (Haas et al 2016, 2018), giving the patient most embryos possible for 

their present and subsequent cycles.  Lastly, the evolution of the vitrification method helped us 

determine that blastocysts warmed and cultured to more developed embryos overnight gave us 

best results in our FET program (Haas et al 2018). Further research is required in most of these 

areas to continually advance the field and to increase patient chances of having a baby.   

The field of embryology and human reproduction has evolved over the 40 yrs. since its 

inception. This evolution was the product of many researchers and embryologists sharing their 

information as methods and ideas progressed. The ultimate recipient of this evolution of 

knowledge is the patient using the technology and the children born from this technology.  

Future Directions: 

We are centering our research on oocyte and embryo morphology using artificial intelligence (AI) 

to help us predict the potential of an oocyte to survive vitrification and develop to the blastocyst 

stage. We are presently working with AI experts to help us incorporate non-invasive assessments 

for oocytes for patients of preservation of fertility. Since these patients will rely on the technology 

for their future fertility, we deem it important to provide them with the most reliable assessment 

of their oocytes as possible. We also hope that this technology will help us determine non-invasive 

methods of determining an embryo’s chromosomal ploidy thus avoiding invasive techniques such 

as trophectoderm biopsy. Also, I am using birefringence as a method of predicting whether a 

frozen/thawed embryo will implant or not, thus giving us an extra tool to decide whether to thaw 

an extra embryo for patient transfer.  Major challenges that remain in this field of technology are 

the limitations of funding and proper research in a clinical arena. The use of animal models helps 

with introducing new technology but bettering an existing method is more useful in the human 

model. However, this is difficult when the mandate is for patient to become pregnant safely and 

quickly. Gaining proper patient informed consent is paramount to the improvement of clinical 

methods that will serve to safely treat infertility for those affected. 
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Type of stimulation protocol affects oocyte maturity, fertilization 
rate, and cleavage rate after intracytoplasmic sperm injection* 

Ellen M. Greenblatt, M.D.t:J: 
James S. Meriano, B.Sc., R.T.§ 
Robert F. Casper, M.D.t 

Toronto Centre for Advanced Reproductive Technology; The Toronto Hospital Research Institute; 

and The University of Toronto, Toronto, Ontario, Canada 

Objective: To compare oocyte maturity, fertilization rate and cleavage rate after a short and 
long GnRH agonist (GnRH-a) stimulation protocol and intracytoplasmic sperm injection (ICS!). 

Design: Retrospective study of 34 sequential ICSI cycles stimulated with a short or long 
GnRH-a protocol. 

Setting: A university-based tertiary care center for assisted reproductive treatment. 
Results: Significantly more oocytes were mature (metaphase II) after a long GnRH-a protocol 

then after a short GnRH-a protocol (25.6% and 80.8%, respectively). The long protocol resulted 
in more cleaving embryos (36/152 versus 9/132) and more cycles ofET (12/17 versus 5/17) than 
the short group. 

Conclusion: A greater percentage of mature oocytes results from ovarian stimulation with 
a long GnRH-a protocol than a short GnRH-a protocol. Maturity could be assessed accurately 
after cumulus stripping that is required before ICS!. Fertilization rate and cleavage rate with 
ICSI was superior after a long GnRH-a stimulation protocol for superovulation. 
Fertil Steril 1995; 64:557 -63 

Key Words: GnRH-agonists, stimulation protocols, short GnRH agonist protocol, long GnRH 
agonist protocol, oocyte maturity, intracytoplasmic sperm injection 

Gonadotropin-releasing hormone agonists 
(GnRH-a) are now used routinely to prevent sponta
neous gonadotropin surges during ovarian stimula
tion for IVF-ET. Gonadotropin-releasing hormone 
agonist usually is administered for a prolonged pe
riod to cause pituitary GnRH receptordown-regula
tion and ovarian quiescence before exogenous gonad
otropin stimulation (long protocol). An alternative 
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regimen involves initiation of GnRH-a in the early 
follicular phase just before, or concomitant with, the 
administration of exogenous gonadotropins. This 
latter protocol uses the initial rise or "flare-up" of 
endogenous gonadotropins that occurs before pitu
itary desensitization to synergize with exogenous go
nadotropins during follicular recruitment (short pro
tocol). Although both regimens have been shown to 
prevent premature LH surges, a potential advantage 
of the short protocol is a reduction in the number of 
ampules of hMG required for follicular stimulation 
compared with the long protocol, thereby lessening 
the cost per cycle. 

Controversy exists regarding which of the two 
GnRH-a protocols is better in terms of successful 
follicular recruitment and pregnancy. Some investi
gators have found the long protocol to result in a 
superior pregnancy rate (PR) (1-3) whereas others 
have demonstrated that the short protocol is equally 
effective and more economical (4-7). Over the last 
3 years, we have routinely used a short GnRH -a pro-
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I tocol in our IVF program with good results. Recently, 

we initiated a micromanipulation protocol for intra
cytoplasmic sperm injection (ICSI) for severe male 
factor infertility, also using a short protocol. An im
portant part of the ICSI procedure involves the re
moval of the cumulus-corona complex so that the 
oocyte can be stabilized by suction against a holding 
pipette. This stripping off of the vestments of the 
oocyte also allows a precise determination of the 
stage of progression of the oocyte through meiosis 
and, therefore, the maturity of the oocyte is deter
mined accurately. The ICSI technique is performed 
only on oocytes in metaphase II, after extrusion of 
the first polar body (8). We were surprised to find a 
large number of immature oocytes retrieved after 
our short protocol, despite what appeared to be well
expanded mature-looking cumulus complexes. As a 
result, it often was necessary to mature the oocytes 
for up to 12 to 24 hours in vitro before commencing 
ICS!. The objective of the present study was to deter
mine if oocyte maturity differs between the short 
and long GnRH-a protocols and ifthe results ofICSI 
are different between the two protocols. 

MATERIALS AND METHODS 

Subjects 

Thirty-four couples with a diagnosis of severe 
male factor infertility were treated by ICS!. The di
agnosis of male factor infertility was based in most 
cases on recovery of < 1 X 106 motile sperm after 
standard swim-up procedure. In some patients, ICSI 
was performed because of repeated failed fertiliza
tion with standard IVF technique. In one patient, 
epididymal aspiration and ICSI was performed be
cause of previous failed vasectomy reversal (two at
tempts) and, in another patient, failed fertilization 
in IVF was attributed to absent acrosome reaction. 
The female partners were between 28 and 46 years 
of age and had additional diagnoses of ovulatory dys
function (n = 1) endometriosis (n = 5), or tubal ob
struction (n = 5). 

Stimulation Protocols 

Seventeen women received controlled ovarian 
hyperstimulation using a short protocol after the use 
of oral contraceptives for scheduling as we have de
scribed previously (9) Leuprolide acetate (LA; Lu
pron; Abbott Pharmaceuticals, Oakville, Ontario, 
Canada) was administered in a dose of 1 mg SC 
beginning on cycle day 5, concomitant with the ad
ministration of hMG (Pergonal; Serono, Missis
sauga, Ontario, Canada or Humegon; Organon, To
ronto, Ontario, Canada), two ampules per day in 
women <35 years and three ampules 'Per day for 

women 2: 35 years. A subsequent 17 women received 
1 mg SC LA daily beginning in the midluteal phase 
up until cycle day 5 when a serum E2 concentration 
was determined. If the serum E2 level was <40 pgl 
mL (conversion factor to Sl unit, 3.67), the dose of 
LA was decreased to 0.5 mg/d and three or four am
pules of hMG were administered daily for women 
<35 years or 2:35 years, respectively (long protocol). 
Human chorionic gonadotropin (10,000 IU; Profasi; 
Serono) was administered 1M when at least two folli
cles were 2: 18 mm in diameter with serum E2 levels 
between 200 and 300 pg/mL per mature follicle, as 
we have described previously (10). 

Oocyte Retrieval 

Oocyte retrieval was performed 36 hours after the 
hCG administration by transvaginal ultrasound
guided needle aspiration under local anesthesia. Fol
licular fluid was aspirated into tubes containing hep
arinized HE PES-buffered human tubal fluid (HTF; 
Pharmascience Diagnostic Fertility Division, Mon
treal, Quebec, Canada). The oocyte-cumulus com
plexes were identified and washed in fresh HTF (Ir
vine Scientific, Santa Ana, CA) supplemented with 
human serum albumin to a final concentration of 
0.5% (HSA; 5% solution, universal standard prepa
ration, The Canadian Red Cross Society, Toronto, 
Ontario, Canada) equilibrated at 37°C in 5% CO2. 
The oocyte-cumulus complexes were washed and 
then placed into organ culture dishes (Falcon Prod
ucts, Becton Dickinson Labware, Bedford, MA) con
taining the same medium and incubated at 37°C in 
a 5% CO2 incubator for approximately 1 hour before 
removal of cumulus-corona cell complex. 

Cumulus-Corona Cell Removal 

Oocyte-cumulus complexes were placed in a 100 
p,L drop of HEPES-buffered HTF containing 80 IU 
hyaluronidase/mL (Type VIII From Bovine Testes; 
Sigma Chemical Co. St. Louis, MO) for 30 to 45 sec
onds as described previously (8). The oocyte then was 
removed from the hyaluronidase drop and placed in 
a 100-p,L drop of H,EPES-buffered HTF with 0.5% 
HSA. The corona cells were removed by gentle aspi
ration of the oocyte in and out of a sterile hand 
drawn pipette having an internal diameter of ap
proximately 175 to 200 p,m. When stripping was 
complete, the oocyte was washed in five 50 p,L micro
drops at 37°C of equilibrated B2 Menezo Media (B2; 
BioMerieux SA, Marcy l'Etoile, France) and then 
placed into fresh 100 p,L micro drops of B2 medium 
in petri dishes (Falcon, Becton Dickinson) covered 
with 3 mL of sterile equilibrated mineral oil (mouse 
embryo tested mineral oil, d = 0.84 g/mL; Sigma 
Chemical Co.). The oocytes then were assessed 
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Table 1 Clinical and Cycle Characteristics of Women in the Short and Long GnRH-Protocols* 

Protocol Age No. of ampules of hMGt Serum E2t Day ofhCG No. of oocytes 

Short (n = 17) 
Long (n = 17) 

y 

35.5 :!: 1.3 
35.1 :!: 0.9 

* Values are means:!: SEM. 

24.5 :!: 3.0 
30.2 :!: 1.9 

quickly for maturity using an inverted microscope 
equipped with Hoffman optics (Axiovert 135; Carl 
Zeiss Company, Oberkochen, Germany). 

Criteria for Oocyte Maturity 

The oocytes were assessed according to the criteria 
described by Veeck (11). Maturation stage was re
corded as follows: prophase I, germinal vesicle visi
ble, no polar body; metaphase I, no germinal vesicle 
visible, no polar body visible; metaphase II, no ger
minal vesicle visible, first polar body visible; postma
ture, polar body visible, degeneration of cytoplasm 
irregular. 

Intracytoplasmic sperm injection was performed 
only on metaphase II oocytes. Those oocytes that 
were not at metaphase II were matured in vitro until 
the first polar body was extruded before sperm injec
tion. 

Sperm Preparation 

Semen was applied to a discontinuous Percoll gra
dient (Pharmacia, Uppsala, Sweden) and centri
fuged at 1,800 X g for 15 minutes. The separated 
sperm fraction was removed and washed twice in 
HTF at 37°C. Immediately before injection, 100 Jl.L 
of the washed sperm fraction was placed into approx
imately 4 mL of HTF supplemented with CaCh 
2H20 to a final concentration of 5 mmol and centri
fuged for 5 minutes at 1,800 X g. The supernatant 
then was removed and the pellet was resuspended 
in 50 Jl.L of HTF supplemented with 0.5% HSA. 

Polyvinyl pyrrolidone (PVP; molecular weight 
360,000; Sigma Chemical Co.) was prepared to a con
centration of 10% (wtlvol) in HEPES-buffered HTF 
containing 0.5% HSA and filtered through a 0.8-Jl.m 
filter (Costar Corporation, Cambridge, MA). A small 
amount of 10% PVP solution was warmed to 37°C 
before dilution with the sperm specimen . 

Intracytoplasmic Sperm Injection 

Micro tools (holding pipettes and injection nee
dles) were fashioned from microcapillary tubes of r-
6 glass (Drummond Scientific Company, Broomall, 
PA) using techniques described by Van Steirteghem 
et al. (8). The injection procedure was carried out in 

pglmL 

2,608 :!: 304 13.1 :!: 0.5 11.9 :!: 1.3 
2,276 :!: 304 13.1 :!: 0.4 10.8 :!: 1.3 

t Conversion factor to SI unit, 3.671. 

sterilized double-depression glass slides. The ma
ture oocyte was contained in a 10-Jl.L drop of HE PES
buffered HTF with 0.5% HSA and covered with ster
ile warm 5% CO2 equilibrated mineral oil. The 
second depression contained a 4-Jl.L drop of the 10% 

. (wt/vol) PVP solution with a 1-Jl.L drop ofthe centri
fuged sperm suspension. The injection procedure 
was carried out on an Axiovert 135, equipped with 
Hoffman optics, lOx, 20x, and 40x objectives with 
lOx eyepieces (Carl Zeiss Company) and Narishige 
(Setagaya-ku, Tokyo, Japan) micromanipulators 
(MO-204 Joystick 3 Axis Hydraulic micromanipula
tor with extra 4th axis movement, MO 202 Joystick 
3 Axis Hydraulic micromanipulator, an IM-6 mi
croinjector, and an IM-5B for holder). 

The oocyte was attached to the holding pipette 
using slight negative pressure. The injection needle 
containing the sperm and PVP solution was brought 
into the focal plane and a single sperm was posi
tioned just at the tip of the microinjection needle. 
The next step was a slow, steady, and consistent 
movement into the cytoplasm of the ovum. The 
sperm then was deposited into the cytoplasm with 
approximately 1 to 3 pL of medium. The oocyte then 
was washed twice in B2 medium and incubated in 
a 50-Jl.L microdrop ofB2 medium covered with sterile 
warm equilibrated mineral oil at 37°C in a 5% CO2 

in air, 100% humidity environment. 

Assessment of Fertilization and ET 

Approximately 18 hours after injection, the 00-

cytes were checked for signs offertilization (two pro
nuclei or two distinct polar bodies). At 48 hours, em
bryos that had cleaved to the two-cell stage or 
further were identified and up to four embryos were 
transferred to the uterus in 30 Jl.L ofHTF containing 
0.5% HSA using a 3.5 French Tomcat catheter (Sher
wood Medical, St Louis, MO). Cleaving embryos in 
excess of four were cryopreserved. 

Statistics 

Statistical analysis of clinical characteristics was 
performed using the analysis tools package of Micro
soft Excel 4.0. (Microsoft Corp., Redmond, WA). Clin
ical characteristics of the two groups were analyzed 
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Table 2 The Number of Oocytes Retrieved and Their Stage of Maturity in the Long Versus Short GnRH -a Protocols 

Protocol 

Short (n = 17) 
Long (n = 17) 

No. of oocytes 

183 
203 

Prophase 1* 

24 (13) 
14 (7) 

* Values in parentheses are percentages. 

Metaphase 1* 

110 (60lt 
9 (4lt 

using the unpaired Student's t-test. All other analy
ses were performed using Fisher's exact test. 

RESULTS 

Cycle characteristics of the patients in the two 
groups are demonstrated in Table 1. The women in 
the short and long protocols were similar in age, 
serum E2 concentration on the day of hCG, day of 
hCG administration, and number of oocytes re
trieved. Although there was a tendency to require 
more ampules ofhMG in the long protocol, this trend 
did not reach significance. 

The maturity stages of the oocytes are illustrated 
in Table 2. Although the total number of oocytes 
retrieved was similar in the two groups, after strip
ping of the cumulus and assessment of nuclear ma
turity, there was a striking difference in the propor
tion of mature oocytes (metaphase II) collected 
between the short and the long groups (25.6% versus 
80.8%, respectively; P = 0.0002). 

Intracytoplasmic sperm injection was performed 
immediately on the metaphase II oocytes in both 
groups. However, the majority of oocytes retrieved 
from the women in the short group were immature 
and therefore required maturation by in vitro incu
bation (3 to 22 hours) before ICSI (85/132). The re
sults of the ICSI procedure are shown in Table 3. 
Nine cleaved embryos were obtained from the 132 
oocytes injected in the short group (6.8%) compared 
with 36 cleaved embryos from the 152 oocytes in
jected in the long group (23.7%; P = 0.00006). 

Table 4 compares only the metaphase II oocytes 
that were retrieved and injected immediately in both 
the short and the long group. Although the minority 
of oocytes retrieved from the women in the short 
group were metaphase II and therefore appropriate 

Metaphase II* 

47 (26) 
164 (81) 

t p < 0.001. 
:j:P < 0.001. 

Postmature* 

2 (1) 
16 (8) 

Metaphase II per total 

% 

25.6:j: 
80.8:j: 

for ICSI immediately after retrieval, when compar
ing only the metaphase II oocytes between the same 
groups there remained a significantly higher fertil
ization and cleavage rate in the long versus short 
groups. 

The number of embryos obtained and transferred 
is shown in Table 5. Significantly more cycles re
sulted in transfer in the long group (12/17) compared 
with the short group (5/17; P = 0.02). Furthermore, 
two women in the long group had extra embryos 
available for cryopreservation compared with no 
women in the short group. Eight of nine embryos 
transferred to the women in the short group were at 
the two-cell stage whereas 23 of 36 embryos trans
ferred in the long group were at the four-cell or 
greater stage of cleavage. 

DISCUSSION 

Although the first successful human in vitro con
ception was achieved with a natural cycle, effective 
superovulation is felt to be essential for successful 
IVF, as PRs are related to the number of good quality 
oocytes and, subsequently, cleaving embryos trans
ferred to the uterus. The key to superovulation is 
the use of exogenous gonadotropins to effect multiple 
follicular recruitment. Before the incorporation of 
GnRH-as into stimulation protocols for IVF-ET, 15% 
to 30% of cycles were canceled because of premature 
LH surges (12). Since the original description of the 
use of gonadotropins with GnRH-a for ovarian stim
ulation in IVF (13), the method has gained wide
spread popularity and is used by most IVF centers. A 
recent meta-analysis of randomized controlled trials 
confirmed the decrease in canceled cycles and in
crease in PR per cycle with the use of GnRH-a and 

Table 3 Results of lCSl in the Oocytes Recovered From Women Receiving the Short and Long GnRH-a Protocols 

No. of oocytes No. of decondensed Two One Cleaved embryos 
Protocol injected sperm pronuclei pronucleus for transfer 

Short 132 25 12* 2 9t 
Long 152 21 43* 1 36t 

* P < 0.001. t P < 0.0001. 
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Table 4 Comparison of ICSI Performed on Metaphase II 
Oocytes That Were Retrieved and Injected Immediately in 
Women Receiving the Short and Long GnRH-a Protocols 

Protocol 

Short 
Long 

No. of metaphase II 
oocytes injected 

43t 
152t 

* Values in parentheses are percentages. 

Cleaving 
embryos* 

3 (7.0)t 
36 (23.7)t 

t Number ofMll oocytes injected are less than totals retrieved 
as some patients donated oocytes or chose to split them between 
standard IVF and intracytoplasmic sperm injection. 

tP < 0.05. 

therefore supports the routine use of GnRH-a for 
IVF (14). 

However, the optimum timing of GnRH-a admin
istration remains uncertain. The two main protocols 
are the long protocol (pituitary down-regulation and 
ovarian quiescence before hMG administration) and 
the short protocol (concomitant follicular phase ad
ministration of GnRH-a and hMG). Although the 
long protocol is used the most widely, most studies 
suggest that, in routine IVF, the outcome with re
spect to clinical PR per cycle started, or per ET, is not 
significantly different between the long and short 
protocols (4-6,14). This is particularly important in 
the present era of economic restraint, as some stud
ies have found the long protocol to require more am
pules of hMG and therefore to be more expensive (4, 
6,7, 14). 

Most studies comparing the long and short GnRH
a protocols for routine nonmicromanipulated IVF 
have focused on the number of oocytes retrieved and 
fertilization rates. Few have compared differences 
in oocyte maturity between the two protocols. Those 
that have evaluated oocyte maturity generally have 
not detected a difference (6, 7). However, with rou
tine IVF, oocyte maturity usually is determined by 
the assessment of cumulus-corona dispersion. This 
technique has been shown to be inaccurate compared 
with direct nuclear assessment of the stage of mei
otic progression after stripping of the cumulus (15) . 
During routine IVF, oocytes surrounded by cumulus 
are inseminated with an aliquot of sperm and fertil
ization is verified, generally between 18 and 20 
hours later, by stripping the cumulus and identi
fying the presence of two pronuclei. The exact time 
of fertilization is not known. Precise assessment of 
the progression of the oocyte through meiosis before 
insemination is less critical, therefore, because oo
cyte maturity can progress in vitro and fertilization 
likely occurs when the oocytes are mature. 

This study is the first of which we are aware to 
assess accurately nuclear maturity of oocytes imme
diately after retrieval after a short or long GnRH-a 

IVF stimulation protocol. In the present study, the 
immediate stripping of the cumulus cells sur
rounding the oocyte, as required to perform ICSI, 
allowed an accurate comparison of nuclear maturity 
after these two protocols of GnRH -a administration. 
We found a significantly greater proportion of 00-

cytes to be immature (prophase I and metaphase 1) 
after the short protocol than after the long protocol, 
despite identical criteria for timing of hCG adminis
tration. 

As only mature (metaphase II) oocytes are suitable 
for ICSI (16, 17), the majority of the oocytes har
vested after a short protocol required in vitro matu
ration before ICSI. It is possible that in vitro matura
tion of oocytes before ICSI and after hyaluronidase 
treatment may be detrimental to the oocytes. This 
step is not performed on immature oocytes in stan
dard IVF. It therefore is possible that the poorer 
fertilization and cleavage rate noted after ICSI per
formed on oocytes retrieved after a short GnRH-a 
stimulation protocol is a result of such treatment 
on oocyte quality. Exposure to hyaluronidase can be 
deleterious to the oocytes and has been demon
strated to induce parthenogenetic activation more 
frequently than occurs with standard IVF (18). How
ever, as only mature oocytes (metaphase II) can be 
used for ICSI (16, 17), it is therefore most important 
to use a stimulation protocol that will harvest as 
many mature oocytes as possible that are immedi
ately suitable for ICSI. In the present study, if in 
vitro maturation of immature oocytes was not per
formed, very few oocytes (n = 47) would have been 
available for ICSI in the short group. Although the 
number of metaphase II oocytes retrieved after the 
short protocol and suitable for immediate ICSI is 
small (Table 4), comparing this subgroup alone dem
onstrates lower fertilization and cleavage rates in 
the short protocol group, suggesting that oocyte 
quality is hampered directly by this protocol when 
ICSI is applied. 

One of the arguments for using a short protocol is 
to take advantage of the initial endogenous rise in 
gonadotropins stimulated by GnRH-a and, therefore, 
to decrease the amount of exogenous gonadotropin 

Table 5 Cycles Resulting in ET and the Number of Embryos 
at Each Cleavage Stage Mter Intracytoplasmic Sperm Injection 
in the Short and Long GnRH-a Protocols 

Protocol 

Short (n = 9) 
Long (n = 36) 

Two
cell 

8 
13 

Four
cell 

1 
18 

More than 
four-cell 

o 
5 

* Values in parentheses are percentages. 
t P < 0.05. 

ET 
cycles* 

5/17 (29)t 
12/17 (70)t 
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required (4,6, 7, 14). Previous evaluation of gonado
tropin and steroid serum concentrations during the 
stimulation phase ofIVF-ET have confirmed this en
dogenous rise in LH, as well as in androgen and P 
concentrations, when a short GnRH-a protocol is used 
(3, 19, 20). There is a considerable amount of data 
supporting the adverse fertility effect of exposure to 
high LH concentrations during folliculogenesis. In a 
small randomized study, Loumaye et al. (19) noted a 
decreased fertilization rate and reduced embryo qual
ity in association with the elevated serum LH and P 
concentrations concomitant with the short protocol 
(19). San Roman et al. (3) reported similar fertiliza
tion and clinical PRs but a higher spontaneous abor
tion rate after the short protocol (3). 

Stanger and Yovich (21) and Howles et al. (22) 
noted decreased fertilization rate, decreased clinical 
PR, and increased spontaneous abortion rate in asso
ciation with elevated follicular phase LH levels dur
ing IVF-ET. In non-IVF-ET conceptions, elevated 
follicular phase LH concentrations have been associ
ated with decreased conception rates and increased 
spontaneous abortion rates in both regularly cycling 
women (23) and women with the polycystic ovarian 
syndrome (24). 

Increased LH concentration during superovula
tion has been associated with increased follicular 
fluid androgen concentrations (3, 25) and an andro
genic follicular microenvironment appears to be det
rimental for healthy oocyte development. It has been 
postulated that premature luteinization or increased 
follicular androgen production, as a result of ele
vated LH concentrations during the follicular phase, 
adversely impact development of the oocyte. It is 
possible that a similar rise in endogenous LH, oc
curring during a short GnRH -a protocol, may be par
ticularly detrimental to oocyte development when 
plentiful mature oocytes are required for ICSI. 

We must mention two main limitations of the pres
ent study. The first is the limited sample size. Al
though only 17 women in each group were evaluated, 
a large number of oocytes was retrieved, assessed, 
and exposed to ICSI, allowing statistical evaluation 
of the results. The second limitation is the nonran
domized nature of the study. However, although the 
two groups were treated sequentially, the percent
age of damaged oocytes in the two groups was simi
lar (10% to 12%), suggesting that the technical 
aspects did not differ between the two groups. Fur
thermore, although technical improvements in the 
ICSI procedure itself theoretically could influence 
the fertilization rate or even cleavage rate, they 
would not affect the assessment of oocyte maturity, 
which is performed before ICSI. 

As the ICSI program was still in its infancy at the 
time of this analysis, there were no pregnancies in 

either group (17 ETs in total). At the present time, 
we are using a long protocol exclusively and our 
fertilization rate averages 60% with a PR of 23% 
per ET. 

In summary we found that accurate assessment 
of oocyte maturity by direct nuclear examination 
demonstrated a significantly higher percentage of 
mature oocytes (metaphase II) retrieved during IVF
ET after a long GnRH -a protocol than after a short 
GnRH-protocol. Intracytoplasmic sperm injection 
performed on these oocytes resulted in a higher fer
tilization rate, cleavage rate, and ET rate when the 
oocytes were retrieved after a stimulation using a 
long GnRH-a protocol. We suggest that for IVF-ET 
using ICSI, in which timing offertilization is precise 
and a high proportion of mature oocytes (metaphase 
II) are required, a long GnRH-a protocol should be 
used. 
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Purpose: Our purpose was to compare oocyte nuclear matu-
ration and embryo quality after pituitary down-regulation
and ovarian stimulation with highly purified follicle-stimu-
lating hormone (FSH) or human menopau.ial gonadotro-
pin (HMG).
Methods: Fifty-five patients 37 years of age or younger who
were undergoing in vitro fertilization (IVF)-intracytoplasmic
sperm injection (ICSlj were evaluated retrospectively. In all
cases, malefactor was the only indication for treatment, with
no female-related factors identified. Following pituitary
down-regulation, patients were stimulated with hMG(n = 20)
or highly purified FSH (n = 35). Main outcome measures
included ovarian response to stimulation, oocyte maturity,
and ICSI fertilization results. Secondary outcome measures
included pregnancy rates and outcome.
Results: The ovarian response to stimulation was similar
for the two groups, as were the percentage ofmetaphase U
oocytes, fertilization and cleavage rates, and number and
quality of transferred and cryopreserved embryos. Cycle
outcome was comparable.
Conclusions: In normogonadotropic subjects, monocompo-
nent therapy with highly purified FSH is as effective as hMG
in stimulating ovarian follicular development, synchroniza-
tion of oocyte maturation, and 1VF-ICSI outcome. Ourflnd-
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ings support the conclusion that the luteinizing hormone
component in the stimulation protocol is unnecessary.

INTRODUCTION

Recently, the trend has been simplification of assisted
reproductive technology (ART) programs (1,2). One
factor in the simplification of treatment cycles has been
the use of monogonadotropin therapy for controlled
ovarian hyperstimulation (COH). Several groups (2-5)
have reported apparently normal follicle and oocyte
development, and excellent in vitro fertilization (IVF)
outcome with the administration of follicle-stimulating
hormone (FSH) alone during gonadotropin-releasing
hormone agonist (GnRH-a) down-regulation proto-
cols. These observations, together with the additional
benefit of patient self-administration of highly purified
FSH (hpFSH) by the subcutaneous route, have
prompted us to incorporate hpFSH into all our ART
programs, including the intracytoplasmic sperm injec-
tion (ICSI) program.

An important part of the ICSI procedure involves
the removal of the oocyte-corona complex. This strip-
ping of the vestments of the oocyte allows a precise
determination of the stage of meiotic progression of
the oocyte, and therefore, the nuclear maturity of the
oocyte can be determined accurately. Using this
approach, our group has recently reported that a greater
percentage of mature oocytes results from ovarian
stimulation with the long GnRH-a protocol compared
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with the short GnRH-a protocol (6). Furthermore, the
fertilization and cleavage rates with ICSI were superior
after the long GnRH-a stimulation protocol for COH
(6). Despite the widespread use of pure FSH prepara-
tions in COH protocols, very few studies so far have
focused on the nuclear maturity of denuded oocytes
and compared the results with respect to the luteinizing
hormone content of the gonadotropin preparation used
in conjunction with the long GnRH-a protocol. The
objectives of the present study were to determine
whether oocyte maturity differs when human meno-
pausal gonadotropin (hMG) or hpFSH is used for COH
in the long GnRH-a protocol and whether the results
of ICSI therapy are different between the two forms
of gonadotropin preparations.

MATERIALS AND METHODS

Patients

This was a retrospective study including 55 couples
with a diagnosis of male-factor infertility who under-
went IVF-ICSI at the Toronto Centre for Advanced
Reproductive Technology between September 1995
and December 1995. During this period, hpFSH was
initially introduced into our clinical practice and, since
then, has gradually replaced hMG for COH. This tran-
sition period has been used for the present analysis.
Each female patient was to have met all the following
criteria: (a) premenopausal and aged 18 to 37 years,
(b) regular menstrual cycles of 21 to 35 days, (c) the
presence of both ovaries, (d) normal baseline vaginal
ultrasound scan, (e) no more than three previous IVF
cycles, (f) no ART treatment or treatment with clomi-
phene citrate or gonadotropins for at least one full
menstrual cycle, and (g) a normal uterine cavity. Infer-
tility was attributable to male factor with no female
factors identified, and potentially solvable by ICSI.
Only ejaculated fresh semen was used for the ICSI pro-
cedure.

IVF-ICSI Procedure

All patients received leuprolide acetate (LA;
Lupron, Abbott Pharmaceuticals, Montreal, Quebec,
Canada), 1 mg subcutaneously daily, beginning on day
21 of the previous cycle up until cycle day 3, when
pituitary down-regulation was evaluated by determina-
tion of serum estradiol concentration and transvaginal
sonography (TVS) of the ovaries. If the serum estradiol
level was less than 200 pM and no follicles greater

than 20 mm in diameter were noted on TVS, LA
was decreased to 0.5 mg/day and 2 or 3 ampoules of
gonadotropin was administered daily for 5 days, after
which the dose was individualized according to ovar-
ian response.

Patients received one of the following gonadotropin
preparations according to the attending physician's
preference and drug availability: hMG [Humegon, 75
IU (Organon, Toronto, Ontario, Canada), or Pergonal,
75 IU (Serono, Oakville, Ontario, Canada)] or hpFSH
(Fertinorm, 75 IU; Serono). Human chorionic gonado-
tropin (10,000 IU; Profasi; Serono) was administered
intramuscularly when at least two follicles were 18
mm or greater in diameter with serum estradiol levels
within the attending physician's acceptable range for
the number of mature follicles present.

Oocyte retrieval was performed 36 hr after the hCG
administration by transvaginal ultrasound-guided nee-
dle aspiration under local anesthesia. Sperm prepara-
tion was performed using discontinuous Percoll
(Pharmacia, Uppsala, Sweden) gradient centrifugation.
Our technique for the ICSI procedure has been
described in detail elsewhere (6). The oocytes were
assessed for maturity just before the injection
according to the criteria described by Veeck (7). The
maturation stage was recorded as follows: prophase I,
germinal vesicle visible, no polar body; metaphase I,
no germinal vesicle visible, no polar body visible;
metaphase II, no germinal vesicle visible, first polar
body visible; and postmature, polar body visible, irreg-
ular degeneration of cytoplasm. Intracytoplasmic
sperm injection was performed only on metaphase-
II oocytes.

Approximately 18 hr after injection, the oocytes
were checked for signs of fertilization (two pronuclei
and two polar bodies). At 48 hr, embryos that had
cleaved to the two-cell stage or further were identified
and graded according to the criteria of Veeck (8) based
on blastomere symmetry and volume of fragmentation.
Up to three embryos were transferred to the uterus in
30 |xl of human tubal fluid containing 0.5% human
serum albumin using a 3.5 French Tomcat catheter
(Sherwood Medical, St. Louis, MO). Cleaving
embryos in excess of three were cryopreserved.

Progesterone suppositories (Apothecary Shop,
Markham, Ontario, Canada), 50 mg four times daily,
administered by the vaginal route, were used for luteal-
phase support starting on the day of embryo transfer.
Luteal support was continued up to 14 days in the case
of a negative pregnancy test or for at least the first 3
weeks of pregnancy if a patient conceived. A clinical
pregnancy was defined as an ultrasound-confirmed
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gestational sac within the uterus (which excludes
ectopic and biochemical pregnancies). Each pregnancy
was followed until its termination.

Statistics

The statistical package Sigmastat (Jandel Corpora-
tion, San Raphael, CA) was used for data analysis.
Clinical characteristics of the two groups were ana-
lyzed using the unpaired Student's t test or the Mann-
Whitney rank sum test. All other analyses were
performed using chi-square analysis. A P value less
than 0.05 was considered statistically significant.

RESULTS

Cycle characteristics of the patients in the two
groups are described in Table I. There were no cancel-
lations due to poor ovarian response, lack of fertiliza-
tion, or cleavage in any of the groups. The women
who received hMG or hpFSH were similar in age,
number of previous IVF cycles, number of gonadotro-
pin ampoules used, duration of stimulation, serum
estradiol concentrations on the day of hCG administra-
tion, the number of oocytes retrieved, and estradiol per
oocyte ratio. Endometrial thickness was significantly
increased following stimulation with hMG (12.0 ±
0.55 mm) compared to stimulation with hpFSH (10.5 ±
0.43 mm) (P = 0.041).

Oocyte maturity and results of the ICSI procedure
are described in Table II. After stripping of the cumulus
and assessment of nuclear maturity, there was no differ-
ence in the mean number and relative proportion of
mature (metaphase-II) oocytes collected between
hpFSH- and hMG-treated groups. The mean number
of normally fertilized oocytes (two pronuclei) and the
fertilization rate were also similar, about 65% in both

groups. No difference was found between the groups
in the mean number and proportion of abnormally
fertilized oocytes (more than two pronuclei), in embryo
cleavage, or in the number of good-quality (grade-1
and -2) embryos obtained.

The outcome of embryo transfer is shown in Table
III. All cycles in both treatment groups resulted in
embryo transfer. There was no difference in the number
of embryos replaced or cryopreserved between the
groups. The clinical pregnancy rate per oocyte retrieval
was 45.7% in the hpFSH group, compared with 35%
in the hMG group (nonsignificant). One ectopic preg-
nancy occurred in the hpFSH group. Implantation, mis-
carriage, and live birth rates were all comparable
between the two study groups.

DISCUSSION

Our study provides novel data about oocyte maturity
and outcome of IVF-ICSI cycles comparing COH by
hMG or hpFSH in the long protocol of GnRH-a admin-
istration. Our results suggest that hpFSH is as effective
as hMG in stimulating ovarian follicular development
and synchronization of oocyte maturation. Since
monocomponent therapy with FSH induces adequate
follicular development and favorable ICSI outcome,
our findings support the conclusion that the use of
luteinizing hormone in the usual ART stimulation pro-
tocol is unnecessary.

The ICSI procedure allowed us to assess nuclear
maturity of the denuded oocyte in a more precise man-
ner than conventional IVF. Ovarian response to COH
and oocyte maturity are more directly related to the
stimulation protocol used, as opposed to fertilization,
cleavage, and implantation rates, where semen quality,
laboratory conditions, uterine receptivity, and many
yet undefined factors are also involved. To minimize

Table I. Clinical and Cycle Characteristics of Patients Stimulated with hpFSH and hMG"

/!

Age (years)
Cycle number
No. of gonadotropin amps used
hCG day
Estradiol (pg/mL) on hCG day
No. of oocytes retrieved
Estradiol:oocyte (pg/mL per oocyte)
Endometrial thickness (mm)

hpFSH

35
32.8 ± 0.6
1.31 ± 0 . 1
30.4 ± 2 . 1 7
13.1 ± 0.3

1805 ± 291
13.6 ± 1.5
143 ± 74

10.5 ± 0.4

a Values are means ± standard deviation. NS, not significant.

hMG

20
33.2 ± 0.6

1.5 ± 0.2
28.8 ± 1.2
12.8 ± 0.4

1840 ± 310
12.7 ± 1.7
158 ± 31

12.0 ± 0.5

P

NS
NS
NS
NS
NS
NS
NS

0.0405
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Table II. Oocyte Maturity and Results of the ICSI Procedure in Women Receiving hpFSH or hMGa

No. of oocytes in Mil
Percentage oocytes in Mil
0 pn
2 pn
>2 pn
Normal fertilization rate (2 pn)(%)
Cleaved zygotes
Cleavage rate (%)
Gl embryos
G2 embryos
G 1 + G2 embryos

hpFSH

10.1 ± 0.9
78.8 ± 2.6
1.06 ± 1.2
6.94 ± 0.7
0.86 ± 0.3
68.9 ± 3.0
6.3 ± 0.6

87.8 ± 3.2
1.9 ±0.4
2.7 ± 0.4
4.5 ± 0.5

hMG

10.4 ± 1.4
83.0 ± 2.8

1.6 ± 0.4
6.6 ± 1.0
0.4 ± 0.2

64.1 ± 4.1
6.4 ± 1.0

88.2 ± 3.0
1.3 ± 0.3
2.8 = 0.5
4.1 ± 0.6

P

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

a Values are means ± standard deviation, MI!, metaphase-U; NS, not significant; pn, pronuclei; Gl, grade- 1 embryos; G2, grade-2 embryos.

the variability in the effects of the aforementioned
factors, we chose a relatively young female patient
population, without identified infertility factors, and
who underwent ICSI, in which consistently high fertil-
ization and implantation rates can be achieved even
when semen quality is poor. The specific criteria that
we chose for inclusion of patients into our study
undoubtedly restricted the size of the study group.
Nevertheless, treating young female subjects who are
free from any endocrine or anatomical abnormalities
provides the rare opportunity to assess the clinical
parameters involved with the IVF-ICSI procedure
under almost-"optimal" conditions. Although this
study was not randomized, we have used a relatively
short period of 4 months for our analysis, to avoid
the potential influence of time variation on laboratory
protocols and conditions.

In a recent prospective study, Imthurn et al. (9),
using a similar approach, compared oocyte maturity
between hpFSH and hMG stimulation in IVF-ICSI
using the short GnRH-a protocol. The proportion of
mature oocytes (metaphase-II) and morphologically
normal appearing oocytes was found to be significantly
increased in the hpFSH group, thus leading to the
conclusion that hpFSH synchronizes oocyte matura-
tion better than comparable stimulation with hMG

when the short GnRH agonist protocol is being used.
However, the use of the short protocol has not gained
widespread acceptance, and the long protocol is pres-
ently the most frequently used. Compared with the
short protocol, the longer regimen of GnRH-a adminis-
tration has been found superior in terms of greater
follicular recruitment, better oocyte recovery and qual-
ity, and higher fertilization and pregnancy rates (10).
Our own experience has shown a significantly higher
proportion of mature oocytes following pituitary
down-regulation with the long protocol compared with
the short protocol (81 vs. 26%, respectively; P <
0.001), and superior fertilization and cleavage rates
after the long GnRH-a protocol (6).

Recently, Mercan et a l . (11 ) , in a retrospective study,
compared the efficacy of a pure gonadotropin prepara-
tion (urinary hFSH) with a combination of urinary
hFSH/hMG in the long GnRH-a protocol in patients
undergoing conventional IVF-ET. All stimulation
parameters, number of oocytes retrieved, proportion
of mature oocytes (as determined indirectly by the
appearance of the oocyte-corona-cumulus complex),
and fertilization rates were similar in both groups. The
clinical pregnancy rate per transfer was significantly
higher in the hFSH-only group compared with the
group receiving both hFSH and hMG.

Table III. Results of Embryo Transfer in Women Receiving hpFSH or hMGa

No. of embryos transferred frozen

Clinical PR
Implantation rate
Miscarriage rate
Live birth rate per oocyte retrieval

hpFSH

2.8 ± 0.1
2.6 ± 0.5

45.7% (16/35)
21.42% (21/98)

12.5% (2/16)
40% (14/35)

a Values are means ± standard deviation. NS, not significant; PR, pregnancy rate.

hMG

2.7 ± 0.2
2.1 ± 0.7
35% (7/20)

16.7% (9/54)
14.3% (1/7)

30% (6/20)

P

NS
NS
NS
NS
NS
NS
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Several studies have suggested that the combination
of pituitary down-regulation and hpFSH results in
reduced concentrations of serum estradiol (12-14) and
a longer stimulation phase (14), which may be attrib-
uted to profound down-regulation and low luteinizing
hormone concentrations (14). A significantly lower
fertilization rate with hpFSH compared to hMG was
noted in an oocyte donation program (15). The actual
duration and concentration of luteinizing hormone
exposure required during follicular development in the
human have not been established. In rats, the degree
of endogenous luteinizing hormone activity required
for normal estradiol production is known to be small
because administered amounts that are not detectable
in the circulation may be sufficient (16). Previous stud-
ies in the rat testis (17) and granulosa cells (18) suggest
that less than 1% of luteinizing hormone receptors
need to be occupied to elicit maximal steroid synthesis
and secretion (the "spare receptor" hypothesis [17]).

Our results and those of other recent studies demon-
strate equivalent serum estradiol concentrations to
those achieved with the use of hMG with either hpFSH
(present study; 19) or recombinant hFSH (20), sug-
gesting that even with the long GnRH-a protocol, suffi-
cient androgen substrate is present for maximal
estradiol production. The hpFSH used in the present
study has practically no luteinizing hormone activity,
therefore, closely resembling recombinant hFSH. We
have also included in our analysis the estradiol: oocyte
ratio, which reflects the estradiol secretion per growing
follicle (21). This ratio was derived from experience
in hypogonadotropic hypogonadal women, where the
amplitude of estradiol secretion per follicle is related
directly to the dose of luteinizing hormone adminis-
tered (21). The estradiol:oocyte ratio was comparable
between our hpFSH and our hMG patients. This find-
ing further confirms that following GnRH-a down-
regulation, sufficient residual endogenous luteinizing
hormone, or at least androgen substrate, was present
for estrogen production during FSH-stimulated follicu-
lar development.

The only parameter where a difference was found
between the two preparations was endometrial thick-
ness, which was significantly increased in the hMG
group compared with the hpFSH group (12.0 ± 0.55
vs. 10.5 ± 0.43 mm, respectively; P = 0,04). A similar
trend was noted by Fried et al. (12), and it may be
that luteinizing hormone or a product derived from
its action may be important for endometrial growth.
However, since endometrial thickness with both prepa-
rations was well within the range currently considered
favorable for implantation and no differences were

noted in implantation or pregnancy rates, this differ-
ence is probably of no clinical significance.

In summary, by direct assessment of oocyte nuclear
maturity, we found a comparable percentage of mature
oocytes (metaphase-II) retrieved after COH with either
hpFSH or hMG in the long GnRH-a protocol. Intracy-
toplasmic sperm injection performed on these oocytes
resulted in similar fertilization, cleavage, implantation,
and clinical pregnancy rates. Pregnancy outcome was
also comparable for the two gonadotropin preparations.
The present results suggest that, in combination with
the long GnRH-a protocol, monocomponent therapy
with FSH is sufficient for adequate follicular growth
and development, and oocyte maturity and quality are
not compromised in the absence of exogenous luteiniz-
ing hormone. Our observations are reassuring, and
of major clinical relevance as we enter the era of
recombinant DNA technology, where recombinant
FSH preparations, without any luteinizing hormone
activity, will be utilized for ART.
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Does daily co-administration of letrozole
and gonadotropins during ovarian
stimulation improve IVF outcome?
Jigal Haas1,2,3*, Rawad Bassil1,2, Jim Meriano1,2, Nivin Samara1,2, Eran Barzilay1,2,3, Noa Gonen1,2 and Robert F. Casper1,2

Abstract

Background: For the last year we have been treating normal responders with gonadotropins and letrozole during
the whole stimulation in order to improve response to FSH by increasing the intrafollicular androgen concentration,
and to reduce circulating estrogen concentrations. The aim of this study was to compare the IVF outcome of
normal responders treated with letrozole and gonadotropins during ovarian stimulation with patients treated with
gonadotropins only.

Methods: A single centre retrospective cohort study of 174 patients (87 in each group).

Results: The age of the patients was comparable between the groups. Estradiol levels were significantly higher in
the control group (6760 pmol/L vs. 2420 pmol/L respectively, p < 0.01), and the number of follicles ≥15 mm at the
trigger day was significantly lower in the control group (7.9 vs. 10, p = 0.02). The number of retrieved oocytes
(10 vs. 14.5, p < 0.01), MII oocytes (7.9 vs. 11.2, p < 0.01) and blastocysts (2.7 vs. 4.0, p = 0.02) was significantly
higher in the study group. We found no significant differences in the cumulative pregnancy outcome between
the two groups (65.2% vs 58.3% p = NS).

Conclusions: We conclude that co-treatment with letrozole improves the IVF outcome in normal responders in
terms of increased number of blastocysts obtained without increasing the pregnancy rate or the risk of OHSS.

Keywords: Letrozole, Androgen, Aromatase inhibitor

Background
Previous studies have shown that androgens, in addition
to serving as precursors for ovarian estrogen synthesis,
also have a fundamental role in primate ovarian follicular
development by augmentation of FSH receptor expression
on granulosa cells [1].
Pre-treatment with transdermal testosterone was

shown to improve the ovarian sensitivity to FSH and
follicular response to gonadotrophin treatment in low-
responder IVF patients [2] and resulted in an increase in
the number of cumulus oocyte complexes retrieved, as
well as clinical pregnancy and live birth rates [3].

Previous work by our group has shown that an aroma-
tase inhibitor improves ovarian response to FSH in pa-
tients undergoing ovulation induction and intrauterine
insemination [4]. Later, Lazer et al. [5] in a retrospective
study, compared poor responders treated with letrozole
and low dose gonadotropins vs. poor responders treated
with only high dose gonadotropins during IVF cycles.
They found a higher clinical pregnancy rate and a higher
live birth rate in the group of patients treated with letro-
zole and low dose gonadotropins. Garcia-Velasco et al. [6]
also found improved IVF cycle outcome in poor responder
patients treated with high dose gonadotropins and letro-
zole compared to patients treated only with high dose go-
nadotropins. They also documented a significant increase
in follicular fluid testosterone and androstenedione with
letrozole administration for 5 days in the early follicular
phase during IVF ovarian stimulation (6).
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Considering the profound effect intraovarian androgens
may have on the early follicular growth, we have been
treating normal responders for the last year with gonado-
tropins and letrozole during the whole stimulation in
order to increase the intrafollicular androgen concentra-
tion and to reduce circulating estrogen concentrations.
This protocol is used routinely for ovarian stimulation in
breast cancer patients and has been shown to have no ad-
verse effect on the number of oocytes retrieved. However,
the fertilization rate and embryo development rate of
those oocytes is not always known [7, 8].
The aim of this study was to compare the IVF out-

come of normal responders without breast cancer
treated with letrozole and gonadotropins during ovarian
stimulation compared to patients treated with gonado-
tropins only.

Methods
This was a single center, retrospective cohort study of
174 IVF cycles between March 2016 and March 2017.
The study was approved by the Research Ethics Board at
Mount Sinai Hospital in Toronto.
Inclusion criteria were: Patients undergoing a fresh

IVF stimulation cycle at age ≤ 42, with antral follicular
count ≥4. The study group included patients on a GnRH
antagonist protocol treated with daily letrozole 5 mg to-
gether with gonadotropins, from the first day of ovarian
stimulation until the trigger day.
For each patient in the study group we matched a pa-

tient in the control group that was treated during the
same week, at the same age ± 2 years, with the same
infertility diagnosis, with less than three previous IVF cy-
cles, FSH levels under ten and the same gonadotropin
dose ±75 IU, on a GnRH antagonist protocol, treated with
gonadotropins without letrozole during the stimulation.
The decision whether to co-treat with letrozole was

made by the treating physicians independently between
March 2016 and March 2017.

Stimulation protocols
Gonadotropin treatment (with or without letrozole) was
initiated on the 3rd day of menses with the use of re-
combinant FSH (Gonal F, EMD Serono; or Puregon,
Merck). Once the leading follicle had reached a size of
13 mm, or E2 levels exceeded 1200 pmol/L, co-treat-
ment with GnRH antagonist 0.25 mg/day (Cetrotide, Ser-
ono or Orgalutran, Merck) and recombinant LH (Luveris,
Serono) or highly purified human menopausal gonado-
tropin (Menopur, Ferring) was commenced. Follicle
growth and hormone levels were serially monitored by
ultrasound and blood tests until the dominant follicles
reached an average diameter of 18–20 mm. At that point
human chorionic gonadotropin (10,000 IU Pregnyl;
Merck, Kirkland, Quebec) and GnRH agonist (0.5 mg

Suprefact; Sanofi-Aventis, Canada) were administered
subcutaneously to trigger ovulation. Patients at high risk
to develop OHSS (previous history of OHSS or patients
with ≥20 follicles at size ≥10 mm at the trigger day) were
triggered only with GnRH agonist. Thirty-six hours later
oocyte retrieval was performed under transvaginal guided
ultrasound and needle aspiration. The embryos were
transferred during a fresh or frozen cycle, as decided inde-
pendently by the treating physician.
All blastocyst were evaluated by an experienced em-

bryologist using the grading system proposed by
Gardner [9].
The frozen embryos were thawed and transferred during

modified natural cycles or hormonally substituted frozen
embryo transfer (FET) cycles.

Frozen cycle endometrial preparation
Artificial hormone replacement
Patients started on day 2–3 of the cycle with oral ad-
ministration of 2 mg of estradiol (Estrace) twice daily
for endometrial preparation, which was increased by a
step-up protocol to 8 mg/d. An ultrasound endomet-
rial assessment performed about 10 days later assessed
the lining as ready for the ET procedure when the
endometrial thickness was ≥7.0 mm. If not adequate,
endometrial estrogen priming continued and ultra-
sound assessment was undertaken to confirm further
endometrial thickening. Participants commenced lu-
teal support via vaginal administration of progesterone
suppositories 200 mg three times daily according to
the proposed day of embryo thawing and transfer. The
embryos were thawed on day 6 of progesterone and
transferred after 2–4 h.

Natural cycles
Following spontaneous menstruation, patients were
monitored by serial ultrasound for endometrial thickness
and follicular development, and blood was drawn for
measurement of serum LH, estradiol and progesterone
levels, until a surge in LH was observed defined as an in-
crease in serum LH of 200% of the baseline value). The
first day of the LH surge was considered as correspond-
ing to 1 day prior to ovulation. On the following day,
progesterone suppositories 200 mg three times daily
were started. The embryos were thawed on day 6 of
progesterone and transferred after 2–4 h.
Vitrification was performed using the Irvine Scientific

(Irvine Scientific Santa Ana Ca, USA) “Freeze Kit”
(Cat.#90,133-SO) with HSV straws.
Clinical pregnancy was defined as visualization of a

gestational sac, while ongoing pregnancy necessitated
the visualization of fetal cardiac activity past 10 weeks
gestation on transvaginal ultrasound.
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Statistics
Comparison of continuous variables between the two
groups was conducted using Student T test and Mann
Whitney test as appropriate. Chi-square test was used for
comparison of categorical variables. Significance was ac-
cepted at P < 0.05. Statistical analyses were conducted using
the IBM Statistical Package for the Social Sciences (IBM
SPSS v.20; IBM Corporation Inc., Armonk, NY, USA).

Results
One hundred seventy four patients were included in the
study, 87 patients in each group. The infertility diagno-
sis, FSH levels, previous number of IVF treatments, age
of the patients and the total dose of gonadotropins were
comparable between the two groups (Table 1). The
length of stimulation was significantly shorter in the letro-
zole group compared to the control group (10.2 days vs
11.1 days, p < 0.01). Estradiol levels were significantly
higher in the control group (6760 pmol/L vs. 2420 pmol/L,
p < 0.01) and the number of follicles ≥15 mm at the trigger
day was significantly lower in the control group compared
to the study group (7.9 vs. 10, p = 0.02).The number of
eggs/number of follicles ≥ 15 mm was similar in both
groups (134% vs. 142%, p = NS).
The number of retrieved oocytes (10 vs. 14.5,

p < 0.01), MII oocytes (7.9 vs. 11.2, p < 0.01) and blasto-
cysts (2.7 vs. 4.0, p = 0.02) were significantly higher in
the letrozole group (Table 2).
We found no significant differences in the ongoing cu-

mulative pregnancy outcome (fresh + frozen cycles)
(65.2% vs 58.3% p = NS) or in the ongoing pregnancy
rate from the fresh cycles (26.6% vs 37.5% p = NS).
Many of the cycles did not proceed to fresh transfer and
the final cumulative pregnancy rate after all frozen em-
bryo transfers is not yet available (many patients were
freezing embryos for optional usage in the future). There
were no cases of ovarian hyperstimulation (OHSS) in
either group.

Discussion
This study reports the use of concomitant letrozole and
gonadotropin ovarian stimulation in normal responder

patients without breast cancer. The IVF cycles of the pa-
tients treated with letrozole resulted in an increased
number of mature eggs and more blastocysts without
any cases of OHSS.
Aromatase is the rate-limiting enzyme in oestrogen bio-

synthesis, and inhibition of its activity reduces oestrogen
blood levels and negative feedback on gonadotrophin se-
cretion. Letrozole is the dominant aromatase inhibitor in
use in infertility treatment for different subfertility/infertil-
ity indications. Letrozole is used “off label” in North
America and also in many other countries around the
world. The warning letter published by the original manu-
facturer is still the main obstacle to wider acceptance [10].
In the last few years, many studies have been published
describing favourable results with use of letrozole in
reproductive technologies with no short or long-term side
effects [11–13]. We believe, in the light of the accumulat-
ing clinical research evidence, that letrozole is safe for use
in assisted reproduction.
Recently, more and more studies demonstrated the po-

tential beneficial use of letrozole in in-vitro fertilisation
(IVF) cycles especially in breast cancer patients going
through fertility preservation treatment [7, 8, 14, 15].
Quinn et al. compared the outcomes of women with

breast cancer undergoing elective fertility preservation
treated with and without letrozole. Patients treated with
letrozole had more follicles ≥13 mm on the day of
trigger injection and higher numbers of total oocytes re-
trieved compared to the elective fertility preservation
group, but there was no difference in the number of MII
oocytes or the mature oocyte yield [8].
In contrast to the previous breast cancer studies, the

patients in the present study had their oocytes fertilized.
Therefore, we have information regarding the fertilization
rate and number of blastocysts per cycle. We found not
only an increased number of mature oocytes, but also
significantly more blastocysts in the group of women co-
treated with letrozole.
There are a few potential advantages to co treating

with letrozole during the IVF stimulation cycle: 1)
Recruiting more follicles and increasing the number of

Table 1 Characteristics of the IVF cycles for patients co-treated
with letrozole compared to the control group

Control
group

Letrozole P

N 87 87

Age (years) 37.0 ± 3.8 36.5 ± 4.1 NS

Length of stimulation (days) 11.1 ± 2.1 10.2 ± 1.7 <0.01

Total dose of gonadotropins (IU) 3012 ± 1115 3316 ± 1037 NS

Follicles >15 mm at the trigger day 7.9 ± 5.3 10 ± 5.8 0.02

E2(pmol/L) 6760 ± 4792 2420 ± 1923 <0.01

Table 2 Comparing the IVF outcome between patients co-
treated with letrozole and control group

Control group Letrozole p

Eggs(n) 10 ± 6.0 14.5 ± 9.3 <0.01

Eggs/follicles > 15 mm 136 ± 58% 142 ± 57% NS

MII(n) 7.9 ± 5.3 11.2 ± 7.8 <0.01

Blastocysts(n) 2.7 ± 2 4.0 ± 3.7 0.02

Pregnancy rate (Fresh + frozen)a 15/23 (65.2%) 14/24 (58.3%) NS

Pregnancy rate- fresh transfers 8/30 (26.6%) 9/24 (37.5%) NS

Cases of OHSS 0 0 —
a- only completed cycles were included in the analysis
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retrieved oocytes, 2) Decreased estrogen concentrations
in serum (and likely follicular fluid) possibly lowering
the risk of OHSS. 3) Lower levels of E2 during the
stimulation which might improve placental implantation
and invasion following embryo transfers, and 4) a de-
crease in the risk of thromboembolic events related also
to lower serum estradiol concentrations.
Whether letrozole might reduce the risk of OHSS by

reducing oestrogen levels is controversial. A study in a
rat model of OHSS demonstrated that treatment with
letrozole reduced vascular endothelial growth factor
(VEGF) and increased pigment epithelium derived factor
(PEDF). VEGF has been identified as one of the prime
causative factors in OHSS while PEDF has been shown
to decrease anti-angiogenic activity of VEGF. The com-
bined result should lead to a decrease in the incidence
of OHSS [16].
He et al. demonstrated a dose dependent decrease in

the levels of VEGF with increasing doses of letrozole
administered in the luteal phase [17]. The findings re-
ported above suggest that letrozole could decrease the risk
of OHSS although it is not clear if the effect on VEGF and
PEDF secretion is a direct action of letrozole or an indirect
effect through a reduction in estradiol levels.
A randomized controlled study which aimed to com-

pare the efficacy of letrozole to aspirin in primary pre-
vention of early ovarian hyperstimulation syndrome
showed a lower incidence of OHSS in women receiving
letrozole compared with aspirin [14]. The lower inci-
dence of OHSS was not correlated to lower levels of
VEGF in the serum. The authors hypothesized that the
mechanism might be independent of VEGF but rather
due to the induction of a luteolytic effect and an estra-
diol decline which reduced the risk of early-onset OHSS.
Epidemiological studies suggest that increased levels of

estradiol resulting from the oral contraceptive pill, hor-
mone replacement therapy [18] or during pregnancy
[19] is associated with increased risk for thrombo-
embolic events. During IVF treatment, patients develop-
ing OHSS with hemoconcentration and high levels of E2
are at an increased risk to suffer from thromboembolic
events [20]. We hypothesize that co-treatment with
letrozole, resulting in lower levels of oestrogen, will
decrease the risk of developing a thromboembolic event.
Integrin expression, a marker of endometrial recep-

tivity, has been shown to be reduced in women with
IVF failure [21] and in women with endometriosis
[22]. Miller et al. aimed to examine the effect of letro-
zole on integrin expression as a marker of endometrial
receptivity. They found that a lack of endometrial in-
tegrin expression was associated with a poor prognosis
for IVF and that the results were improved with letro-
zole co-treatment [23]. Unfortunately our study was
underpowered to detect any differences in pregnancy

outcome during fresh transfers due to the low number
of fresh transfers at our clinic (less than 30%). How-
ever, superphysiologic levels of circulating estradiol
may lead to decreased implantation rate [24] and to
deficient placentation leading to pregnancy complica-
tions such as SGA and IUGR which seem to be
avoided by FET when estrogen levels in the circulation
are more physiologic [25, 26]. The estrogen levels in
the group receiving letrozole in the present study were
close to the physiologic range despite a mean number
of 14 oocytes retrieved.
There are a few limitations to our study. The main

limitation is the retrospective study design and the phys-
ician choice of allocation to either group, both of which
would introduce bias. There are other factors that can
influence IVF outcome such as the physician and the
embryologist performing the retrieval/transfer and those
factors were not controlled for in the study. Another
limitation is the lack of pregnancy outcome in some of
the patients. Many of the patients and their physicians
opted for frozen embryo transfer instead of fresh transfer,
especially in cases of overstimulation, and a cumulative
pregnancy outcome for each group is not available.
Although the results of this study are promising fur-

ther prospective studies will be needed to confirm that
patients co-treated with letrozole have a better clinical
outcome.

Conclusion
We observed, in a retrospective study, that co-treatment
with letrozole during the ovarian stimulation improves
the IVF outcome in normal responders in terms of
increased number of blastocysts obtained without in-
creasing the pregnancy rate and the risk of OHSS.
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Abstract

Background: Previous studies have shown that androgens, in addition to serving as precursors for ovarian estrogen
synthesis, also have a fundamental role in primate ovarian follicular development by augmentation of FSH receptor
expression on granulosa cells. Recent studies have shown that aromatase inhibitor, letrozole, improves ovarian response
to FSH in normal and poor responder patients, possibly by increasing intraovarian androgen levels. Studies in mice also
showed an effect of letrozole to increase pigment epithelium-derived factor (PEDF) and to lower vascular epithelial
growth factor (VEGF), which might be expected to reduce the risk of ovarian hyperstimulation syndrome (OHSS) with
stimulation. The aim of this study was to compare the VEGF and PEDF levels in the follicular fluids of normal responders
treated with letrozole and gonadotropins during the ovarian stimulation with patients treated with gonadotropins only.

Methods: A single center, prospective clinical trial. We collected follicular fluid from 26 patients, on a GnRH antagonist
protocol, dual triggered with hCG and GnRH agonist. The patients in one group were co-treated with letrozole and
gonadotropins during the ovarian stimulation and the patients in the other group were treated with gonadotropins only.
VEGF, PEDF, estrogen, progesterone and testosterone levels were measured by ELISA kits.

Results: The age of the patients, the total dose of gonadotropins and the number of oocytes were comparable between
the two groups. In the follicular fluid, the estrogen levels (2209 nmol/l vs. 3280 nmol/l, p = 0.02) were significantly
decreased, and the testosterone levels (246.5 nmol/l vs. 40.7 nmol/l, p < 0.001) were significantly increased in the
letrozole group compared to the gonadotropin only group. The progesterone levels (21.4 μmol/l vs. 17.5 p = NS)
were comparable between the two groups.
The VEGF levels (2992 pg/ml vs. 1812 pg/ml p = 0.02) were significantly increased and the PEDF levels (9.7 ng/ml
vs 17.3 ng/ml p < 0.001) were significantly decreased in the letrozole group.

Conclusions: Opposite to observations in the mouse, we found that VEGF levels were increased and PEDF levels
were decreased in the follicular fluid in patients treated with letrozole during the stimulation cycles. Further
investigation is required to determine if patients treated with letrozole during the IVF stimulation protocol are at
increased risk for developing OHSS as a result of these findings.
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Background
The addition of the aromatase inhibitor, letrozole, to go-
nadotropin stimulation has been an accepted treatment
for oocyte retrieval in women with breast cancer and
has been demonstrated to result in lower serum estrogen
levels [1, 2] an endocrine response that is considered to
be favourable in these women who may have estrogen
sensitive tumors. In normal women undergoing IVF,
lowering serum and follicular estrogen levels could also
be potentially beneficial by lowering the risk of ovarian
hyperstimulation syndrome (OHSS) since a correlation
has been observed between administration of letrozole
and lowering the incidence of OHSS [3].
A previous study in a rat model of OHSS [4] demon-

strated that treatment with a single dose of letrozole on
the hCG trigger day, reduced ovarian diameter, reduced
VEGF levels and increased the levels of pigment epithe-
lium derived factor (PEDF). VEGF has been identified as
one of the prime causative factors in OHSS while PEDF
has been shown to decrease the angiogenic activity of
VEGF [5]. These combined results might be expected to
reduce the risk of OHSS.
In addition, supraphysiologic levels of estrogen are be-

lieved to have a negative effect on oocyte quality [6] and
embryo implantation [7] with subsequent adverse preg-
nancy outcomes [8, 9] and therefore, lowering estrogen
levels by adding letrozole could be beneficial in normal
women undergoing IVF by increasing implantation and
reducing pregnancy complications.
More recently, it has also been observed that breast

cancer patients undergoing IVF with the addition of
letrozole have an increase in the number of oocytes re-
covered compared to controls [1, 2]. Several studies have
shown that letrozole, improves ovarian response to FSH
in normal and poor responder patients, possibly by in-
creasing intraovarian androgen levels (1–3, 11–13).
Previous studies have shown that androgens, in addition
to serving as precursors for ovarian estrogen synthesis,
also have a fundamental role in primate ovarian follicu-
lar development by augmentation of FSH receptor ex-
pression on granulosa cells [10].
The objective of this study was to measure VEGF and

PEDF levels as well as estrogen and testosterone levels
in the follicular fluids of normal responder women
treated with letrozole and gonadotropins throughout the
entire ovarian stimulation for IVF and to compare the
results with the follicular fluid levels in patients treated
with gonadotropins only.

Methods
Ethical approval
The study was approved by the Mount Sinai Hospital
ethics review committee, and all couples were required

to sign a written informed consent after the provision of
complete information.
This study included a total of 26 IVF cycles performed

in 26 normal responders treated at our institution between
June, 2016 and March, 2017. Patients with PCOS or POR
by Bologna criteria were excluded from the study.
The study group included patients on a GnRH antag-

onist protocol treated with daily letrozole 5 mg together
with gonadotropins, from the first day of ovarian stimu-
lation until the trigger day. The control group included
patients matched by age, infertility diagnosis and starting
gonadotropin dose, on the same GnRH antagonist
protocol, treated with gonadotropins only during the
stimulation. All the patients included in the study had a
dual trigger with hCG and GnRH agonist for final oocyte
maturation. The study was not randomized and the deci-
sion whether to co-treat with letrozole was made by
each treating physician independently.
The decision to administer letrozole was not made for

the sake of this study. The treating physicians made this
treatment decision independently of the study.

Stimulation protocols
Gonadotropin treatment (with or without letrozole) was
initiated on the 3rd day of menses with the use of re-
combinant FSH (Gonal F, EMD Serono). Once the lead-
ing follicle had reached a size of 13 mm, or E2 levels
exceeded 1200 pmol/L, co-treatment with a GnRH an-
tagonist 0.25 mg/day (Orgalutran, Merck) and recom-
binant LH (Luveris, Serono) or highly purified human
menopausal gonadotropin (Menopur, Ferring) was com-
menced. Follicle growth and hormone levels were
serially monitored by ultrasound and blood tests until
the dominant follicles reached an average diameter of
18–20 mm. At that point human chorionic gonado-
tropin (10,000 IU Pregnyl; Merck, Kirkland, Quebec)
and GnRH agonist (0.5 mg Suprefact; Sanofi-Aventis,
Canada) were administered subcutaneously to trigger
ovulation. Thirty-six hours later oocyte retrieval was per-
formed under transvaginal guided ultrasound and needle
aspiration.
The follicular fluid (FF) was obtained at the time of

oocyte retrieval for the IVF procedure. Only the first fol-
licle from each ovary was collected avoiding blood clots,
and only FF from mature full sized follicles (≥16 mm)
was included in the study. Only one single follicular fluid
sample per patient was included in the study.
After isolation of the oocyte, the clear follicular fluid

was centrifuged at 500 g for 10 min at room
temperature to separate out cellular contents and debris
and was then transferred to sterile tubes and frozen at −
80 °C until analysis. The follicular fluid was analyzed for
testosterone, estradiol, progesterone by an automated
assay (Vitros), and VEGF (Cedarlane; CL76149K) and
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PEDF (Chemicon;CYT 420) concentrations were mea-
sured by commercial ELISA using an ELISA kits accord-
ing to the manufacturer’s instructions. We measured
follicular fluid progesterone concentrations as a possible
way to ensure similar ovarian stimulation in each group.
Comparisons were performed using the paired two-

tailed student’s t-test. A P < 0.05 was considered statisti-
cally significant.

Results
The age of the patients, the total dose of gonadotropins
and the number of oocytes were comparable between
the two groups (Table 1). In the follicular fluid, the mean
estrogen level (2209 nmol/l vs. 3280 nmol/l, p = 0.02)
was significantly decreased, and the mean testosterone
level (246.5 nmol/l vs. 40.7 nmol/l, p < 0.001) was signifi-
cantly increased in the letrozole co-treated group
compared to the gonadotropin only group. The mean fol-
licular fluid progesterone level (21.4 μmol/l vs. 17.5 μmol,
p = NS) was comparable between the two groups
(Table 2).
The mean VEGF level (2992 pg/ml vs. 1812 pg/ml

p = 0.02) was significantly increased and the mean PEDF
level (9.7 ng/ml vs 17.3 ng/ml p < 0.001) was significantly
decreased in the letrozole group (Table 3).
None of the patients in the study group or in the con-

trol group developed early or late OHSS.

Discussion
In contrast to observations in mice, we found that VEGF
levels were increased and PEDF levels were decreased in
the follicular fluids of patients treated with letrozole dur-
ing the stimulation cycles, despite a significant suppres-
sion of estradiol concentration in follicular fluid. In the

murine model, letrozole was administered only at the
trigger day and not during the ovarian stimulation
whereas in our current study, the patients were treated
during the entire ovarian stimulation, which might ex-
plain the differences between the VEGF and PEDF levels
observed.
Similarly to the murine findings, He et al. demon-

strated a decrease in the VEGF serum levels after treat-
ment with letrozole in the luteal phase. He found a dose
dependent decrease in the levels of VEGF with increas-
ing doses of letrozole administered in the luteal phase
[11]. The findings of He et al. suggested that letrozole
could decrease the risk of OHSS although it is not clear
if the effect on VEGF and PEDF secretion was a direct
action of letrozole or an indirect effect through a reduc-
tion in estradiol levels.
A randomized controlled study in hyper-responder pa-

tients which aimed to compare the efficacy of letrozole
to aspirin during the luteal phase in primary prevention
of early ovarian hyperstimulation syndrome showed a
lower incidence of OHSS in women receiving letrozole
compared with aspirin [3]. In contrast to previous stud-
ies, the patients treated with letrozole had higher levels of
VEGF in the serum compared to the patients not treated
with letrozole. The authors hypothesized that the mechan-
ism of lower incidence of OHSS was independent of

Table 1 Characteristics of the IVF cycles for patients co-treated with letrozole compared to the control group

Letrozole group (n = 13) Without letrozole (n = 13) P value

Age (years) 36.3 ± 3.9 35.8 ± 3.7 NS

AMH (pmol/l) 14.26 ± 7.7 16.4 ± 6.7 NS

FSH 7.3 ± 1.6 6.6 ± 1.9 NS

Etiology for infertility Unexplained-8
Male factor-3
Mechanical-0
Fertility preservation-2

Unexplained-7
Male factor-3
Mechanical-1
Fertility preservation- 2

NS

Length of stimulation (days) 9.4 ± 1.8 10.7 ± 1.7 NS

Dosage of gonadotropins 3085 ± 633 3294 ± 917 NS

Oocytes (n) 11.7 ± 5.7 12.1 ± 6.1 NS

2PN(n) 6.6 ± 5.1 7.6 ± 4.4 NS

Blastocysts (n) 3.1 ± 2.2 2.9 ± 1.9 NS

Blastocyst rate (blast/2PN) 46.9% 38.1% NS

E2 levels (pmol/l) 1032 ± 375 8069 ± 3068 0.001

Ongoing Pregnancy rate 5/11 (45.4%) 4/11(36.3%) NS

Table 2 The hormone levels in the follicular fluid from patients
co-treated with letrozole and gonadotropins vs. gonadotropins only

Letrozole group (13) Control group (13) P

Estrogen(nmol/l) 2009 ± 1034 3280 ± 1371 0.01

Testosterone(nmol/l) 246.5 ± 153.2 40.7 ± 14.3 < 0.001

Progesterone(μmol/l) 21.4 ± 8.3 17.5 ± 10.3 0.3
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VEGF but rather due to the induction of a luteolytic effect
and lower estradiol concentrations which reduced the risk
of early-onset OHSS (5).
Although we didn’t measure the VEGF or PEDF levels

in the serum, we found increased VEGF and PEDF levels
in the follicular fluid of letrozole treated patients at the
time of oocyte retrieval. In the follicular phase, letrozole
reduces serum estrogen levels which results in reduced
negative feedback on gonadotrophin secretion from the
hypothalamus-pituitary axis [12–14]. By lowering serum
estrogen concentrations in the early follicular phase,
letrozole causes secretion of more FSH and LH, which
acts directly on the granulosa cells and may be respon-
sible for the increased secretion of VEGF. In addition,
we found higher intrafollicular levels of testosterone in
the letrozole group. We believe that the androgen
increase may have a positive effect on follicular develop-
ment, oocyte maturation and implantation. Since andro-
gens have been shown to increase FSH receptor
expression in both murine [15] and primate models [16,
17] it is possible that the increased VEGF level could
also be influenced by the impact of increased androgen
levels on the granulosa cell responsiveness to FSH in the
letrozole treated group.
Previous studies demonstrated [18, 19] that women who

did not conceive had higher FF VEGF concentrations than
women achieving a clinical pregnancy. A negative correl-
ation was observed between FF VEGF concentrations,
peak estradiol levels and number of oocytes retrieved.
Friedman et al. [20] showed increased VEGF levels in the
FF from patients with advanced age compared with youn-
ger women. They hypothesized that the higher VEGF con-
centrations resulted from relative follicular hypoxia which
is a stimulant for VEGF production.
As published previously by our group [21], we found

a higher number of oocytes, zygotes and blastocysts in
women co-treated with letrozole compared to matched
patients treated with gonadotropins only. We
hypothesize that in normal responders co treated with
letrozole the pathophysiology increasing VEGF levels is
different and not related to follicular hypoxia. We be-
lieve that by lowering serum estrogen concentrations in
the early follicular phase, letrozole causes secretion of
more FSH and LH, which acts directly on the granulosa
cells and may be responsible for the increased secretion
of VEGF.

VEGF binds to specific receptors located in endothelial
cells called VEGF-R1 (Flt-1) and VEGF-R2. Soluble
VEGF-R1 is a naturally produced receptor capable of
binding and sequestering VEGF and is able to reduce
the level of free, active VEGF [22].
Jakimiuk et al. [23] demonstrated that VEGF/ sFlt-1 ra-

tio in FF on the day of oocyte retrieval in women undergo-
ing IVF procedure, regardless of the type of stimulation
protocol, might predict the risk of developing OHSS.
The sFlt-1 contribute to the amount of free, biological

active VEGF in FF and later in serum by binding VEGF
and thereby depleting the amount of free circulating bio-
logical active VEGF.
In our study we didn’t measure sFlt-1 levels in the FF

and therefore it’s still speculative whether free circulat-
ing VEGF levels were different between the groups.
Tropea et al. [24], cultured human luteal phase with

androgens and demonstrated that different doses of
androgens significantly increased VEGF secretion. By
culturing the cells with aromatase inhibitor, VEGF levels
decreased. We think it’s difficult to compare those re-
sults with our current study because in our study the pa-
tients were treated with letrozole which causes secretion
of LH and FSH from the pituitary gland in contrast to
the cultured granulosa cells which are not affected by
those changes. Another major difference is that the
granulosa cells were cultured in the luteal phase whereas
in our study the patients were treated with letrozole in
the follicular phase and the granulosa cells in the follicu-
lar phase may respond differently than in the luteal
phase to androgens in terms of VEGF production.
In the letrozole group the estrogen levels in the follicular

fluid were significantly lower and more similar to the estro-
gen levels in the natural cycle compared to estrogen levels
in the gonadotropins only group [25]. Previous studies have
demonstrated a reduced pregnancy rate with increasing E2/
oocyte ratio [6, 26] and therefore we assume that treatment
with letrozole which reduces the serum and intrafollicular
estrogen concentrations, may have a positive effect on the
oocyte quality and embryo development.
Although none of the patients in our study group de-

veloped OHSS, we think that further investigation is re-
quired to determine if patients treated with letrozole
during the IVF stimulation protocol are at increased risk
for developing OHSS as a result of our new findings
demonstrating increased VEGF levels and decreased
PEDF levels after treatment with letrozole.
We conclude that co-treatment with gonadotropins

and letrozole during the follicular phase increase the
VEGF levels and decrease the PEDF levels in the follicu-
lar fluid. Whether co-treatment with letrozole during
the follicular phase may increase the incidence of OHSS
is still unknown and further studies should be performed
to evaluate this risk.

Table 3 The VEGF and PEDF levels in the follicular fluid from
patients co-treated with letrozole and gonadotropins vs.
gonadotropins only

Letrozole group (13) Control group (13) p

VEGF (pg/ml) 2992 ± 431.7 1812 ± 462.4 0.02

PEDF (ng/ml) 9.7 ± 5.7 17.3 ± 8.4 < 0.001
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Objective: To determine whether absence offertilization in IVF associated with an acrosomal 
enzyme defect (hyaluronidase deficiency) results from a simple mechanical block to sperm pene
tration or from a more serious sperm abnormality. 

Design: Nonrandomized, prospective study. 
Setting: Toronto Center for Advanced Reproductive Technology, a tertiary referral center for 

infertility associated with The University of Toronto. 
Patients: One hundred twenty-two couples about to undergo intracytoplasmic sperm injection 

(ICSI) were selected. Thirty-six of the studied couples had failed to fertilize in prior IVF cycles. 
Interventions: Hyaluronidase activity was measured in the semen samples provided for 

ICSI using a zymogenic assay. Intracytoplasmic sperm injection was performed in all couples 
using standard techniques. 

Results: Forty-eight of 122 semen samples had poor or absent semen hyaluronidase activity. 
All 48 samples resulted in successful fertilization with ICSI in the present study. The average 
fertilization rate per oocyte was 59.43% in couples in whom the male partner had low semen 
hyaluronidase activity and 55.85% in whom the male had normal hyaluronidase activity. The 
ET rate per cycle was 100% and 95% and pregnancy rates per cycle were 26% and 25% in 
cycles with poor and normal semen hyaluronidase activity, respectively. Unlike routine IVF, 
no statistical correlation was found between semen hyaluronidase activity and the fertilization 
rate in ICSt 

Conclusion: Our results indicate that semen hyaluronidase deficiency is associated with a 
simple mechanical block to fertilization. In addition, the measurement of semen hyaluronidase 
activity can provide a reliable means for selecting couples who would benefit from ICSt 
Fertil Steril 1996; 65:977 -80 

Key Words: Hyaluronidase, sperm, ICSI, male factor infertility 

During the process of fertilization, acrosomal en
zymes facilitate the penetration of sperm through 
the oocyte's vestments (1, 2). Hyaluronidase is an 
acrosomal enzyme that is considered to be important 
in the process of fertilization through its participa-
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tion in the dissolution of the extracellular matrix of 
the cumulus oophorus, containing hyaluronic acid 
(3, 4). The possibility that low acrosomal enzyme 
activity may be the cause of reduced fertilizing capa
bility of sperm has been suggested (5). We have 
shown previously that semen hyaluronidase activity 
correlates with sperm concentration, motility, and 
the percentage of normal forms (6). We also have 
demonstrated that semen samples with low or ab
sent hyaluronidase activity failed to fertilize in rou
tine IVF (6). We hypothesized that the failure of such 
samples to fertilize in IVF was related to the inabil
ity of sperm to penetrate through the oocyte's vest
ments. 

With the development of intracytoplasmic sperm 
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injection (ICSI) (7, 8), direct injection of sperm into 
the oocyte's cytoplasm bypasses the zona pellucid a 
and the oocyte membrane, thus overcoming the need 
for acrosomal enzymes (9). The objective ofthe pres
ent study was to determine whether intracytoplas
mic injection of sperm from semen samples with low 
or absent hyaluronidase activity results in fertiliza
tion and cleavage rates similar to sperm from sam
ples with apparently normal hyaluronidase activity. 
If so, these results would confirm the relationship of 
acrosomal enzyme deficiency with a simple mechani
cal block to fertilization. 

MATERIALS AND METHODS 

Patients 

One hundred twenty-two couples about to undergo 
ICSI were selected for this study. The indications 
for ICSI were severe oligoasthenospermia «500,000 
motile sperm recovered on sperm wash and swim
up) or previous failure to fertilize in vitro. Forty
eight men had low semen hyaluronidase activity de
fined as a ring diameter of:53 mm in the zymogenic 
assay we described previously (6). Of these 48 men, 
21 had demonstrated failure to fertilize in prior IVF 
cycles (representing 58% of previous IVF fertiliza
tion failures) and 27 were diagnosed as severe male 
factor infertility based on their semen analysis and 
swim-up assessments. The remaining 74 couples 
studied underwent ICSI for similar indications, such 
as previous failure to fertilize in IVF or low motility 
of sperm but with apparently normal semen hyal
uronidase activity. 

Semen Hyaluronidase Activity 

Hyaluronidase activity was measured using the 
method we described previously (6). In this method, 
petri dishes were used to place a mixture of agar 
and hyaluronic acid (bacterial sodium hyaluronate; 
Lifecore Biomedical, Chaska, MN) and a well was 
cut in the center of each dish. Semen was treated 
with Nonidet P-40 (Sigma Chemical Co., St. Louis, 
MO) for 6 hours and 30 ILL of the mixture was placed 
into the well. Mter incubating the dishes 24 hours 
at 37°C, the reaction was stopped and hyaluronidase 
activity was detected by the presence of clear rings 
of hydrolyzed substrate surrounding the well. The 
ring diameters were measured in millimeters and, 
after subtracting 7 mm, which represents the diame
ter of the well, the ring size was determined. A ring 
size of :53 mm was considered to represent deficient 
hyaluronidase activity. 

Controlled Ovarian Stimulation, Oocyte Retrieval, 
and ICSI 

Controlled ovarian hyperstimulation consisted of 
a long protocol, using daily SC GnRH agonist 

(GnRH-a, 1 mg leuprolide acetate, Lupron; Abbott 
Pharmaceutical Company Ltd. Pointe Claire, Que
bec, Canada) starting in the midluteal phase until 
day 3 of the subsequent menses, as we have de
scribed previously (10). If serum E2 concentration 
was <45 pg/mL (150 pmollL) on cycle day 3, the dose 
of GnRH-a was reduced to half and hMG (Pergonal; 
Serono, Mississauga, Ontario, or Humegon; Or
ganon, Toronto, Ontario) or highly purified human 
FSH (Fertinorm; Serono) was administered daily. 
The standard protocol began with three ampules of 
hMG or FSH in women <35 years and four ampules 
in women >35 years. 

Vaginal ultrasound (US) for follicular measure
ment was performed starting on the 5th day of go
nadotropin administration. Blood samples for mea
surement of serum E2 concentration were drawn 
serially. Human chorionic gonadotropin (10,000 IU, 
Profasi; Serono) was administered when the mean 
diameter of more than two follicles measured 2:: 18 
mm, and the E2 level approximated 280 pg/mL (1,000 
pmol/L) per mature follicle. Transvaginal US-guided 
oocyte retrieval was performed 36 hours after hCG 
administration. Oocyte and sperm preparation and 
sperm injection were carried out using the method 
of Van Steirteghem et al. (7), and the method we 
have described previously (10). 

Statistics 

The fertilization rate was calculated as the per
centage of injected oocytes that had two pronuclei 24 
hours after the injection and the number of embryos 
suitable for transfer in each couple was calculated. 
The group t-test and X2 test were used to compare 
patient parameters and oocyte fertilization rates. 
Spearman rank correlation was used to determine 
the relationship between semen hyaluronidase ac
tivity and the fertilization rate in ICSI. 

RESULTS 

The total number of oocytes in the studied cycles 
was 851, with an average 6.97 oocytes per patient. 
The total number of oocytes in the couples with male 
partners having poor semen hyaluronidase activity 
was 352, with an average of 7.33 oocytes per couple 
(ranging from 1 to 22). The total oocyte number in 
the group with good semen hyaluronidase activity 
was 499, with an average of 6.74 oocytes per couple 
(ranging from 1 to 21, not significant). Table 1 shows 
a comparison between the oocyte number, female 
age, and serum E2 levels in the two groups. 

Our results show that 118 of 122 couples included 
in the study had successful fertilization in ICSI, re
sulting in an overall mean fertilization rate of 
98.36% per couple. The average fertilization rate per 
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Table 1 Cycle Characteristics of the Groups With Poor and 
Good Semen Hyaluronidase Activity* 

Total Average Average age Average serum 
Hyaluronidase oocyte oocytes of female estrogen level 

activity number per couple partner on day of hCGt 

y mIU/mL 

Poor (ring size 
os; 3mm) 352 7.33 33.05 6696.93 

Good (ring size 
> 3mm) 499 6.74 36.23 4493.76 

Total 851 6.97 35.02 5453.51 

* No significant differences were found between the groups in any of the 
parameters. 

t Conversion factor to sr unit: hCG, 1.00. 

oocyte was 57.26%. Table 2 shows the average fertil
ization rate in patients with poor semen hyaluroni
dase activity as compared with those with good en
zyme activity. No correlation was found between 
semen hyaluronidase activity and the fertilization 
rate in leSI in either group. Similarly, the preg
nancy rate was similar in both groups (Table 2). 

DISCUSSION 

The crucial role of sperm quality in human repro
duction is well established (1) and is highlighted by 
the introduction of assisted reproductive technolo
gies whereby the capability of spermatozoa to fertil
ize the oocyte can be assessed directly. In vitro fertil
ization programs report reduced fertilization and 
pregnancy rates when insemination is performed 
with subnormal spermatozoa (11, 12). With the de
velopment of leSI for male factor infertility, it is 
important to be able to identify patients who have 
a low probability of successful fertilization in 
routine IVF. 

In a previous study (13), we defined severe male 
factor infertility as the recovery of <500,000 motile 
sperm after semen preparation by sperm wash and 
swim-up, based on a mean in vitro oocyte fertiliza
tion rate in these patients of <25%. On the basis of 
this cut-off value for motile sperm recovery, we now 
suggest leSI as first-line therapy for infertile cou
ples with severe male factor infertility in our center. 
We also have shown in a recent report (6) that men 
with poor semen hyaluronidase activity are unlikely 
to fertilize in routine IVF, regardless of sperm count 
or motility. The measurement of semen hyaluroni
dase activity provides presumptive information 
about acrosomal function and the fertilizing capabil
ity of sperm. 

The present study was designed to compare fertil
ization rates with leSI between sperm from men 
with semen hyaluronidase deficiency and those from 
men with apparently normal enzyme activity. Based 
on previous work with globozoospermia (14), it ap-

pears that the fertilizing potential of sperm with an 
absent acrosome is diminished, even with leS!. Liu 
etal. (14) performed 11 cycles of leSI with round
headed sperm injected into 85 eggs. Only 14 embryos 
were formed in 4 of 11 cycles, for a fertilization rate 
per oocyte injected of 16.4% and an ET rate per cycle 
of 36.4%. These results suggest that the acrosomal 
defect in globozoospermia may be only part of the 
problem. It is possible that there may be other abnor
malities of the round-headed sperm to account for 
the low fertilization and cleavage rate when the me
chanical block to fertilization is overcome by leS!. 
More leSI cycles with globozoospermic men are re
quired to confirm these preliminary observations. 

In contrast, the results of the present study show 
no difference in the fertilization rate in leSI between 
patients with good semen hyaluronidase activity, 
suggesting normal acrosomal function, compared 
with those with deficient semen hyaluronidase activ
ity and presumably poor acrosomal function. The fer
tIlization rate per oocyte injected was 56% and 59% 
for men with good or poor semen hyaluronidase ac
tivity, respectively. The ET rate per cycle was 97% 
and 100% in these two groups, respectively, and the 
pregnancy rate per cycle was 25% and 26%, respec
tively. Our data, therefore, suggest that sperm from 
men with deficient or absent semen hyaluronidase 
activity are otherwise normal and are appropriate 
for use with leS!. 

In conclusion, our results show that acrosomal en
zyme deficiency, indicated by poor semen hyaluroni
dase activity, can be overcome by leS!. Fertilization 
and pregnancy rates in couples where the male part
ner has poor semen hyaluronidase activity appear 
to be similar with leSI compared with couples with 
normal semen hyaluronidase activity. The present 
study also supports our previous conclusion (6) 
that the measurement of semen hyaluronidase activ
ity provides useful information for selection of cou
ples who would benefit from leSI rather than rou
tine IVF. 

Table 2 Comparison of the Fertilization Rate in lCSl per 
Couple and per Oocyte and Pregnancy Rates Between Groups 
With Poor or Good Semen Hyaluronidase Activity 

Average Average 
No. fertilization fertilization 

Hyaluronidase of rate per couple rate per oocyte Pregnancy 
activity* cases in rcsr in ICSI rate 

% % % 

Poor 
(0 to 3 mm) 48 100 59.43 25.00 

Good 
(>3mm) 74 94.60 55.85 26.08 

Total 122 98.36 57.26 25.56 

* Values in parentheses are ring sizes. 
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To determine if the use of fresh epididymal sperm is superior to frozen-thawed epididymal sperm 
for intracytoplasmic sperm injection, the authors reviewed the charts on all couples undergoing 
intracytoplasmic sperm injection at an academic center, using microsurgically aspirated epididymal 
sperm. Forty-nine couples undergoing intracytoplasmic sperm injection for male factor infer- 
tility, due to congenital absence of vas deferens or irreparable post-testicular obstruction were 
studied. The following parameters were measured: ( I )  fertilization rate per oocyte injected (two 
pronuclei at 24 h), (2) chemical pregnancy rate (two consecutively elevated serum b-hCG levels, 
and (3) clinical pregnancy rate (sonographic identification of fetal heart rate). Fertilization rates 
were 51 and 41%, chemical pregnancy rates were 27 and 30%, and clinical pregnancy rates were 19 
and 27% in the fresh epididymal compared to the frozen epididymal sperm. This study shows no 
significant difference in outcomes using fresh or frozen epididymal sperm for intracytoplasmic sperm 
injection. Frozen-thawed sperm guarantees availability of sperm prior to oocyte retrieval. 
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Microsurgical epididymal sperm aspiration (MESA) has been available for the treatment of 
male factor infertility due to congenital absence of the vas deferens (CAVD) and irreparable 
post-testicular obstruction since the early 1980s. However, epididymal sperm yields pregnancy 
rates of less than 10% when used in intrauterine insemination (IUI) [l]. Modifications of in 
vitro fertilization (IVF) techniques, such as heavy insemination, subzonal insertion, and partial 
zona dissection, failed to improve the pregnancy rates with epididymal sperm [ 131. The failure 
of these methods of IVF can be attributed to the poor motility and fertilizing capacity of 
epididymal sperm. 

The development of intracytoplasmic sperm injection (ICSI) circumvented the reliance of pre- 
vious IVF techniques on sperm motility [7, 91. With ICSI, MESA became a practical treatment 
for men with obstructive azoospermia, achieving pregnancy rates of greater than 30% [6, 101. 

With IUI, but not IVF, higher pregnancy rates are achieved with fresh sperm compared to 
cryopreserved sperm [5 ] .  Given that the success of ICSI is independent of sperm motility, there 
should be no advantage of using fresh over frozen epididymal sperm. Initial reports support the 
hypothesis that cryopreserved epididymal sperm yield comparable pregnancy rates to fresh 
epididymal sperm with ICSI [3,8]. The use of fresh microsurgically retrieved sperm for ICSI 
has two disadvantages compared to frozen. The first is the need to arrange two simultaneous 
surgical procedures, retrieval of the sperm and oocyte retrieval. The second, is that there is no 
guarantee of successful sperm retrieval at the time of oocyte retrieval. 

ICSI has been used in conjunction with MESA at the Toronto Centre for Advanced Repro- 
ductive Technology (TCART) and Mount Sinai Hospital in Toronto, Canada since 1995. This 
investigation was conducted to determine if the use of frozen microsurgically aspirated epididy- 
ma1 sperm yields different pregnancy rates than the use of fresh epididymal sperm with ICSI. 

MATERIALS AND METHODS 

Data were retrieved from a chart review of all couples who underwent ICSI using epididy- 
ma1 sperm at TCART. All MESA procedures were carried out with intentional cryopreservation 
of sperm by one urologist at Mount Sinai Hospital in Toronto. Complete data were available 
for all couples. Two couples were excluded, the first because sperm retrieval had been carried 
out at another center, and the second because donor sperm had been used in addition to 
epididymal sperm. The second couple had undergone two cycles using frozen-thawed sperm, 
one of which resulted in a pregnancy. Both cycles were excluded. Included in the patient 
sample was one couple who used donor ova. 

Patient Population 

From 1 January 1995 to 3 1 July 1997, 49 couples underwent 67 cycles of ICSI, 37 cycles 
using fresh epididymal sperm, and 30 cycles using frozenthawed epididymal sperm. Fifteen 
couples underwent multiple cycles, 3 couples underwent three cycles, and 12 couples under- 
went two cycles. Of the couples undergoing multiple cycles, 9 had cycles using both fresh and 
frozen sperm, 5 using frozen sperm only, and 1 using fresh sperm only. 

Male Diagnosis 

Male diagnosis was evaluated and assigned to one of three categories: (1) CAVD, either 
bilateral or unilateral, (2) post-testicular obstruction of congenital, iatrogenic, or infectious 
etiologies, and (3) failed vasectomy reversal. 
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MESA 

MESA, either at the time of reconstruction or as a sole procedure, was performed using a 
standard technique to open an individual epididymal tubule on the side and gently aspirate the 
fluid flowing from the opening [2]. The fluid was then diluted in 0.5 mL of Human Tubular 
Fluid (HTF). 

Sperm Preparation and Intracytoplasmic Sperm Injection 

Sperm in the MESA specimen was counted and assessed for motility and morphology. 
Depending on motility, (1) the specimen was washed using a basic swim-up technique (active 
sperm, percent motile >20%), (2) the specimen was washed using a 47%/90% Percoll (Medi- 
tech, Montreal, Quebec) gradient (at least moderately active sperm, with >lo% of the sperm 
motile), or (3) sperm was micromanipulated directly from the MESA (percentage of motile 
sperm 40%) .  

Following a double wash and pelleting (centrifuge at 400g with 3 mL HTF), the sperm 
pellet was resuspended into 0.5 mL of media and underlayed underneath 0.5 mL of media. 
This preparation was allowed to swim-up for 30 min in a 5% COJ37OC environment. 

The MESA specimen was placed on a Percoll gradient (47%/90%) and centrifuged at 400g 
for 30 min. The 90% gradient was removed after this time, washed, and centrifuged at 400g 
for 5 min with 3 mL HTF/O.5% human serum albumin (HSA). The pellet was resuspended in 
500 pL of HTF/O.5% HSA and counted and assessed for percentage motile fraction. 

If the motility was very poor (<lo% of low-grade motility only), sperm were isolated 
directly from a 5-pL drop of the MESA specimen using a 5-pm 0.d. injection pipette. If no 
motile sperm were identified after a thorough examination of the specimen, an HOS test was 
used to identify sperm with intact plasma membranes [2]. The sperm that exhibited curled tails 
were washed in fresh mHTF/O.5% HSA and used for injection. Any sperm not used for the 
injection was cryopreserved using sperm maintenance media with glycerol (Irvine Scientific, 
Santa Ana, CA). 

ICSI 

Oocytes were retrieved and stripped of cumulous corona complex as previously described 
using mild (62.5%w/v) Hyaluronidase solution in mHTF/l O%SSS (bovine testes type VIII; 
Sigma, St Louis, MO) [2]. Oocyte maturity and quality were assessed at the time of injection 
(approximately 3 h postretrieval) as previously described [2]. Oocytes were placed into their 
respective 5-pL drops. Spermatozoa from the epididymal aspiration were placed into the center 
drop of 10% PVP/mHTF/O.5% HSA. The injection pipette (5-pm inner diameter) and holding 
pipette (1 00 pm) are positioned onto the manipulation chucks. The sperm are retrieved from 
the sperm drop, immobilized, and carried over to the oocyte drop. Spermatozoa with no visual 
dysmorphisms are chosen. The oocytes are positioned with the polar body at 12:OO and the 
sperm injection needle containing the sperm is injected at approximately the 3 o’clock posi- 
tion. The oolemma is gently aspirated and the sperm is deposited into the cytoplasm of the 
oocyte. Fertilization is checked at approximately 18 h postinjection for the presence of 
2 distinct pronuclei and two polar bodies. Cleavage is assessed at 48 and 69 h postinjection. 
The best two or three embryos are transferred to the patient. The remaining good quality 
embryos (those with equal to or less than 30% fragmentation and symmetric blastomeres) are 
cryopreserved. 
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Table 1. Characteristics of patient population 

Characteristics Fresh Frozen p value" 

Male age (years) 35.5 f 1.0 37.6 f 1 . 1  0.17 

Percent motility (%) 14.9 f 2.9 7.4 f 2.1 0.047 
Female age (years) 32.4 f 0.7 32.1 0.7 0.81 

Sperm count (106/mL) 18.4 f 4.4 17.2 * 9.6 0.90 

Note. Values are means f standard error of the mean. 
-Nonpaired Student's t test. 

Outcome Measurements 

Outcome was measured by (1) fertilization rate per oocyte injected as determined by the 
presence of two pronuclei at 24 h, (2) chemical pregnancy rate as measured by two consecu- 
tively elevated b-HCG levels following embryo transfer, and (3) clinical pregnancy rate as 
measured by sonographic identification of fetal heart rate. 

Statistical Analysis 

Statistical analysis was carried out using GraphPad Instat Mac. Student's t test and Fischer's 
exact test are used as indicated. 

RESULTS 

The population characteristics are displayed in Table 1 .  There is no significant difference in 
total sperm counts, male age, or female age between the two groups. The average female age 
is 32.4 years in the fresh group and 32.1 years in the frozen group. The total sperm counts in 
the fresh and frozen groups, respectively, are 18.4 x 106/mL and 17.2 x 106/mL. There is a 
significant difference in the average motility of the two groups. The motility in the fresh group 
is 14.9% as opposed to 7.4% in the frozen group (p = 0.047). 

Male diagnoses are outlined in Table 2. The proportion of fresh cycles with CAVD as the 
male diagnosis is 54% (20/37) versus 37% (1 1/30) of the frozen cycles. This difference is not 
significant (p = 0.22, Fischer's exact test). 

All of the measured outcomes are provided in Table 3. There is no significant difference in 
the number of oocytes injected, or number of embryos transferred. The fertilization rate is 5 1% 
in the fresh group and 41% in the frozen group (p = 0.60). The chemical pregnancy rate is 
27% ( 1  0/37) using fresh epididymal sperm and 30% (9/30) using frozen-thawed epididymal 

Table 2. Male diagnosis 

Etiology of azoospermia Fresh Frozen 

CAVD 20 1 1  
Obstruction 1 1  12 
Vasectomy 6 7 
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Table 3. Outcome measurements 

Outcome 
~~ ~ ~~ 

Fresh Frozen p value 

No. oocytes injected 9.7 f 0.9 10.2 f 0.8 0.65" 
No. embryos transferred 2.5 f 0.1 2.3 f 0.2 0.13" 
Fertilization rate (embryo/oocyte) 51 f 3.9% 41 f 3.2% 0.60" 
No. chemical pregnancies (rate/cycle) 10 (27%) 9 (30%) O.8Ob 
No. clinical pregnancies (rate/cycle) 7 (19%) 8 (27%) 0.56* 
No. fetal loss (early and late) 4' 2 
No. live births 3 2 
No. pending or unknown 5 5 

Nofe. Values are means f standard errors of the means. 
"Nonpaired Student's f test. 
"Fischer's exact test. 
'Includes IUD of one of twins. 

sperm (p = 0.80). There were three early abortions in the fresh group and one in the frozen 
group. The clinical pregnancy rates are, therefore, 19% (7/37) using fresh and 27% (8/30) 
using frozen-thawed epididymal sperm. At the time of report there was one additional late 
fetal loss in each group, three live births in the fresh group and two in the frozen group. In 
both groups there are five ongoing pregnancies. 

The pregnancy rates are further broken down in Table 4 by year and in Table 5 by male 
diagnosis. The total chemical pregnancy rates in 1995 and 1996-97 are 23.3% (7/30) and 
32.4% (12/37). The yearly fresh chemical pregnancy rates are 23.5% (4/17) and 23.1% (3/13), 
compared to the yearly frozen rates of 30.0% (6/20) and 35.2% (6/17), in 1995 and 1996-97 
respectively. There are 12 pregnancies from 31 cycles with CAVD as the male diagnosis and 
8 pregnancies from 36 cycles with other male diagnosis (p = 0.06). 

DISCUSSION 

No significant difference in chemical or clinical pregnancy rates was detected in 67 cycles 
of MESA-ICSI, comparing fresh and frozen epididymal sperm. Theoretically, there should be 
no difference between the use of fresh or frozen epididymal sperm, since evidence supports 
that the success of ICSI is unrelated to any of the basic sperm parameters [7]. With ICSI, an 
intact sperm, identified microscopically, is directly injected into the oocyte cytoplasm, bypass- 
ing the need for normal fertilizing capacity. 

Table 4. Yearly pregnancy rates 

Outcome measure 1995 1996-97 

No. fresh cycles 17 20 
No. frozen cycles 13 17 
No. overall pregnancies (rate/cycle%) 7 (23.3%) 12 (32.4%) 
No. pregnancies fresh (rate/cycle%) 4 (23.5%) 6 (30.0%) 
No. pregnancies frozen (rate/cycle%) 3 (23.1%) 6 (35.2%) 



164 K. L. Garrels et al. 

Table 5. Chemical pregnancies by male diagnosis 

Male diagnosis Pregnancy rate (%) No. Fresh No. frozen p value" 

CAVD 
Other 

39 
22 

9 3 0.06 
1 7 

Note. CAVD, congenital absence of the vas deferens. 
"Fischer's exact test. 

It is well established that cryopreservation of sperm results in decreased motility [14]. This 
explains the significantly lower motility observed in the frozen group, 7.4% versus 14.9% in 
the fresh group (p = 0.047). The decreased motility in the frozen group might be expected to 
influence pregnancy rate negatively, by increasing the difficulty in identifying a viable sperm 
for injection. However, the use of the HOS test has circumvented the problem of identifying 
viable (membrane intact) from nonviable sperm [ 2 ] .  

Couples who fail to achieve a pregnancy in the first cycle of MESA-ICSI will often go on 
to a second or greater cycle. In the majority of cases the first cycle will use fresh sperm and 
any subsequent cycles will use frozedthawed sperm. Given the favorable outcomes with 
frozen spenn presented here, this should not adversely affect the chances of achieving a preg- 
nancy in subsequent cycles. Further, it has been established previously that the pregnancy rates 
in successive IVF cycles do not decrease in the first 6 cycles [ 1, 41. 

A significant proportion of men undergoing MESA would be expected to have a diagnosis 
of CAVD. In this population, CAVD was the male diagnosis in 54% of the fresh cycles and 
37% of the frozen cycles, and represented 46% of the total cycles. Of the 31 cycles with 
CAVD, at least one cystic fibrosis (CF) mutation was identified in 18 cycles (6 pregnancies); 
no mutation was identified in 10 cycles (3 pregnancies); and in the remaining 3 cycles the CF 
mutations status was unknown (2 pregnancies). Previous evidence indicates that CF gene mu- 
tations do not affect fertilization with micromanipulation [ 1 l l .  The evidence in this series 
suggests that a diagnosis of CAVD, either with or without identified CF mutations, is not a 
poor prognostic factor for pregnancy with MESA-ICSI. 

Although the use of fresh epididymal sperm for ICSI remains the gold standard, the use of 
frozen epididymal sperm is a viable alternative. Use of cryopreserved sperm offers two advan- 
tages; it avoids the difficulty of scheduling two simultaneous surgical procedures, and it guar- 
antees availability of sperm prior to oocyte retrieval. 
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The hypo-osmotic swelling test for selection of viable sperm for 
intracytoplasmic sperm injection in men with complete 
asthenozoosperm ia * 
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Objective: To determine the ability of the hypo-osmotic swelling test to select viable sperm 
from nonmotile sperm samples for intracytoplasmic sperm injection (ICSI). 

Design: Nonrandomized, sequential comparative study. 
Patients: Thirteen couples enrolled in our ICSI program had 16 cycles in which sperm 

preparations with 0% motility were obtained. Five cycles used cryopreserved epididymal sperm 
with complete asthenozoospermia. 

Interventions: In eight cycles, the semen samples were washed through a Percoll gradient 
and sperm were selected randomly for ICS!. In another eight cycles, the washed sperm were 
placed in a hypo-osmotic solution (75 mM fructose; 25 mM sodium citrate dihydrate) and the 
sperm with curled tails taken up with the microinjection needle, rinsed, and used for ICS!. 

Main Outcome Measures: Fertilization rate per oocyte injected as determined by the pres
ence of two pronuclei at 18 hours after retrieval and embryo cleavage rate per oocyte injected 
at 48 hours after retrieval. 

Results: With random sperm injection, the fertilization and cleavage rates were 26% and 
23%, respectively. In contrast, after injection of sperm selected using the hypo-osmotic swelling 
test, fertilization and cleavage rates were significantly greater (43% and 39%, respectively). 
There were three pregnancies in the eight cycles with the hypo-osmotic swelling test-selected 
sperm, including two from frozen epididymal sperm. 

Conclusion: Based on these preliminary observations, we believe that the hypo-osmotic 
swelling test will prove to be valuable for increasing fertilization and cleavage rates and preg
nancy rates in ICSI cycles where no motile sperm are recovered. 
Fertil Steril 1996;65:972-6 

Key Words: Hypo-osmotic swelling test, asthenozoospermia, intracytoplasmic sperm injec
tion, sperm viability 

Until the advent of IVF techniques using micro
manipulation, complete asthenozoospermia meant 
almost certain infertility. Now with the techniques 
of micromanipulation, particularly using intracy
toplasmic sperm injection (lCS!), fertilizations and 

pregnancies have been reported using completely 
immotile sperm. 

The major technical problem that has arisen with 
the use of immotile sperm for micromanipulation 
has been differentiating between live and dead 
sperm. In our experience, <50% of the sperm are 
viable in samples with complete asthenozoospermia. 
The standard techniques of vital dye exclusion to 
assess the integrity of the sperm membrane and, by 
inference, sperm viability, all result in the death of 
the sperm. We looked for other, non damaging meth
ods to identify live sperm for use with the ICSI proce
dure. 

Received June 7, 1995; revised and accepted November 30, 
1995. 

* Supported by the Medical Research Council of Canada, Ot
tawa, Ontario, Canada. 

t Reprint requests: Robert F. Casper, M.D., 6-246EN, The To
ronto Hospital, General Division, 200 Elizabeth Street, Toronto, 
Ontario, Canada, M5G 2C4 (FAX: 416-340-4022). 
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The hypo-osmotic swelling test was developed to 
investigate the ability of the sperm membrane to 
transport fluid (1). Sperm are incubated in a hypo
osmolar medium and those sperm with a functional 
membrane undergo swelling of the cytoplasmic 
space and the sperm tail fibers curl. These changes 
are visualized easily under light microscopy. Those 
sperm with damaged or chemically inactive plasma 
membranes will not have cytoplasmic swelling and 
the tails will remain uncurled. Because sperm that 
have a positive hypo-osmolar swelling test appear to 
be viable, we investigated the possibility that we 
could use the hypo-osmotic swelling test to identify 
viable sperm in a population of completely immotile 
sperm and use the resulting sperm for ICS!. 

MATERIALS AND METHODS 

Oocyte Retrieval 

Multiple follicular stimulation, cycle monitoring, 
and oocyte retrieval were performed using standard 
protocols. All women were stimulated using a long 
GnRH-agonist protocol with 1 mg SC leuprolide ace
tate (LA, Lupron; Abbott Pharmaceuticals, Oakville, 
Ontario, Canada) starting in the midluteal phase 
until day 3 of the subsequent cycle. If serum E2 on 
day 3 was <42 pg/ml (150 pmol!L), the LA dose was 
cut in half and hMG (Pergonal; Serono Canada, Mis
sissauga, Ontario, Canada or Humegon; Organon 
Canada, Toronto, Ontario, Canada) was started at 
a dose oftwo to four ampules daily. Human chorionic 
gonadotropin (10,000 IU 1M Profasi; Serono) was 
given when at least two follicles> 1.8 cm in diame
ter were visualized and E2levels were approximately 
272 pg/mL (1,000 pmollL) per mature follicle. Oocyte 
retrieval was performed by ultrasound-guided trans
vaginal aspiration under local anesthetic 36 hours 
after hCG administration. Follicular fluid was aspi
rated into heparinized HEPES-buffered human 
tubal fluid (HTF; Irvine Scientific, Santa Ana, CA). 
The oocyte-cumulus complex was identified and 
washed in fresh HTF supplemented with 0.5% (vol! 
vol) human serum albumin (HSA; 5% solution, USP; 
The Canadian Red Cross Society, Toronto, Ontario, 
Canada) equilibrated to 37°C in 5% CO2, 5% O2, 90% 
N2 . Oocyte complexes were incubated in organ cul
ture dishes (Falcon Products, Bedford, MA) for ap
proximately 1 hour before denuding. 

Cumulus-Corona Cell Removal 

Oocyte cumulus-corona cell complexes were placed 
in HEPES-buffered modified HTF-0.5% HSA me
dium supplemented with 80 IU/mL hyaluronidase 
(Type VII, from bovine testes; Sigma Chemical Com
pany, St. Louis, MO) for 45 to 60 seconds. The 00-
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cytes then were removed and placed into fresh modi
fied HTF-0.5% HSA for mechanical denuding. The 
resulting stripped oocytes were washed in fresh 
equilibrated HTF-0.5% HSA and the maturity and 
quality of the oocytes was assessed before injection 
as described previously (2). 

Sperm Preparation 

For each cycle, the raw semen specimen was as
sessed for sperm concentration, motility, and mor
phology. The sperm sample was washed in equili
brated HTF-0.5% HSA for 10 minutes at 400 X g. 
The resulting pellet was resuspended in 1 mL of 
fresh medium. The suspension was placed onto a 
47%:95% Percoll gradient (Perwash; Immucor Can
ada, Toronto, Ontario, Canada) and centrifuged at 
400 X g for 30 minutes. The pellet from the 95% 
gradient was retrieved and resuspended in 1 mL of 
medium and centrifuged again for 5 minutes. The 
resulting pellet was resuspended in 0.5 mL HTF-
0.5% HSA and mixed gently before counting and fi
nal assessment. 

In the first eight samples found to have 0% motil
ity, sperm were selected randomly from those with 
normal morphology for intracytoplasmic injection. 
Supravital staining of sperm in six of the samples 
was performed using 0.5% Eosin Y stain as described 
previously (3). After introducing the hypo-osmotic 
swelling test, the test was used to select sperm for 
injection from the next eight specimens with 0% mo
tility. All 16 cycles were performed over the course 
of 4 months. All sperm injections were performed by 
one of the authors (J.S.M.) who had> 18 months 
of ICSI experience. Fertilization and cleavage rates 
were stable over this time period. Therefore, any 
differences seen between the two groups are unlikely 
to be a result of improved ICSI technique. 

Hypo-osmotic Swelling Test Incubation 

When possible, approximately 200,000 sperm 
were placed in a culture dish containing a hypo-os
motic solution (75 mM fructose and 25 mM sodium 
citrate in sterile water) and incubated at 37°C for 
approximately 1 hour. The percentage of reactive 
(curled tails) and nonreactive (straight tails) sperm 
was assessed by counting approximately 400 to 500 
cells. A 4-J.LL aliquot was placed in the microinjection 
dish under equilibrated mineral oil. 

Intracytoplasmic Sperm Injection Procedure 

A curled-tailed sperm was identified and aspirated 
into the microinjection pipette. It was then moved 
into a drop (4 J.LL under oil) of modified HTF -0.5% 
HSA, rinsed several times, moved again into a drop 
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(4 ILL) of polyvinylpyrrolidone (10% PVP wtlvol in 
modified HTF-0.5% HSA) and rinsed repeatedly un
til the tail almost straightened. The sperm then was 
injected into the cytoplasm ofthe oocyte as described 
previously (4). The nonhypo-osmotic swelling tested 
sperm were placed into a 500 ILL of modified HTF-
0.5% HSA and a I-ILL aliquot of this sperm mixture 
was mixed into a 4-ILL drop of PVP before sperm 
injection. rn both groups, only metaphase II oocytes 
obtained at the time of retrieval were injected. Our 
prior experience with injection of in vitro-matured 
oocytes was poor (2) and we are awaiting further 
research in this area before continuing with these 
immature oocytes. Fertilization was assessed by the 
presence of two distinct pronuclei at approximately 
18 hours after retrieval. Cleavage was assessed at 
40 hours after retrieval and transfer of a maximum 
of three embryos if available was performed at 48 
hours (or 72 hours) postretrieval. A cumulative em
bryo score was calculated for each patient by modi
fying the protocol described by Steer et al. (5). 
Briefly, the number of blastomeres in each embryo 
was multiplied by the embryo score, transposed to 
give the best embryos 4/4 and the worst embryos 
1/4. The scores for each embryo transferred were 
summed to give the cumulative embryo score. Luteal 
support using 100 mg natural P suppositories twice 
daily intravaginally was started in all women on the 
day ofET. 

Statistical Analysis 

Descriptive data were compared for the two 
groups using the group t-test. Sperm count and mor
phology were not found to be distributed normally 
and a Mann-Whitney Rank Sum test was used to 
analyze these data. Fertilization and cleavage rates 
in the two groups were compared by the X2 test with 
Yates' correction for continuity. 

RESULTS 

Eight couples with a diagnosis of male factor infer
tility and complete sperm immotility after semen 
preparation were treated by rcsr before initiation 
of the hypo-osmotic swelling test. Three of these cou
ples and another five couples with complete asthen
ospermia were treated after introduction of the 
hypo-osmotic swelling test for identification of sperm 
with intact membranes. rn all 13 couples, the female 
partner was normal with no evidence of any pathol
ogy associated with infertility. The semen and 
washed sperm parameters of the male partners of 
these couples are shown in Table 1. Sperm concen
trations were not significantly different between the 
two groups. However, the percent of sperm with nor
mal morphology was lower (P = 0.002) in the group 
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undergoing sperm selection with the hypo-osmotic 
swelling test. None of the men had motile sperm 
before or after the Percoll gradient centrifugation. 
Before introducing the hypo-osmotic swelling test, 
six of eight samples were stained with Eosin Y dye 
after completion of the rcsr procedure and 30.2% of 
the sperm excluded the stain, indicating a structur
ally intact sperm membrane. The mean percentage 
of reactive and presumably viable sperm in the eight 
samples tested with hypo-osmotic swelling test 
was 31.1%. 

The mean age, serum E2 concentrations on the 
day of hCG, and the percentage of mature oocytes 
collected did not differ in the couples before and after 
the introduction of the hypo-osmotic swelling test 
(Table 2). The mean fertilization rate before the 
hypo-osmotic swelling test was 26% and after the 
use of the hypo-osmotic swelling test to select sperm 
for injection was 43% (X2 = 4.6, P < 0.05). The mean 
cleavage rate was 23% before the hypo-osmotic 
swelling test and 39% after the hypo-osmotic swell
ing test (X2 = 4.3, P < 0.05). The embryo quality in 
the two groups was assessed by the method ofVeeck 
(6) and is shown in Table 3. Grade 1 and 2 embryos, 
which usually are selected for transfer, represented 
54.6% of the embryos in the group without the hypo
osmotic swelling test and 56.2% of the embryos in 
the group with the hypo-osmotic swelling test (non
significant). Embryo transfer was routinely per
formed at 48 hours after rcsr and three embryos 
were transferred in six women in the hypo-osmotic 
swelling test group but in only three women in the 
without hypo-osmotic swelling test group. Delayed 
ET (at 72 hours) occurred in two patients in the 
group without hypo-osmotic swelling test because of 
slow embryo development and in one patient in the 
group with hypo-osmotic swelling test for patient 
convenience (Table 2). The mean cumulative embryo 
score (Table 2) for the without hypo-osmotic swelling 
test group was 22.4 :::':::. 4.4 and for the with hypo
osmotic swelling test group was 37.8 :::'::: 4.9 (P 
< 0.05). Three pregnancies occurred in the eight cy
cles treated with rcsr and hypo-osmotic swelling 
test for sperm selection whereas no pregnancies oc
curred in the eight couples treated with rcsr without 
sperm selection. Two of three pregnancies occurred 
in couples with frozen epididymal sperm, which had 
0% motility after thawing. Patient 2 delivered 
healthy twin boys whereas patients 3 and 7 had 
spontaneous abortions at 8 and 14 weeks gestation, 
respectively. Fetal heart activity was observed on 
ultrasound in both cases at 6 weeks gestation. 

DISCUSSION 

The concept of using the hypo-osmotic swelling 
test for selecting viable immotile sperm for use in 
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Table 1 Male Factor Parameters With and Without the Use of the Hypo-osmotic Swelling Test 

Sperm parameters 
Epidymal 

Patient Sperm Frozen Concentration Morphology Motility Supravital staining 

106 /mL % normal % % + ve 

Without hypo-osmotic swelling test 

1 No No 23 60 0 10 
2 No No 4.0 50 0 20 
3 Yes Yes 40 60 0 42 
4 No No 5.0 50 0 54 
5 No No 1.4 60 0 23 
6 No No 1.0 56 0 32 
7 No No 1.5 0 
8 No No 1.0 0 

9.6 :!: 5.0* 56:!: 2.0 30.2 :!: 6.5 

With hypo-osmotic swelling test 

1 No No 48 11 0 58 
2 No No 0.5 45 0 44 
3 Yes Yes 20 35 0 13 
4 No No 75 15 0 31 
5 No No 7.5 5.0 0 26 
6 Yes Yes 7.0 25 0 15 
7 Yes Yes 52 50 0 45 
8 Yes Yes 9.0 0 17 

27 :!: 10 27 :!: 6.5t 31.1 :!: 5.8 

* Values are means:!: SEM include standard error of the mean 
(SEM). 

t Morphology is different between the groups (P = 0.002). 

Table 2 Intracytoplasmic Sperm Injection Parameters and Outcome With and Without the Hypo-osmotic Swelling Test 

Outcome 

Oocytes 2 Pronuclear Two- to eight-cell Cumulative 
Patient Age E2* injected zygotes embryost Atretic embryo score Pregnant 

y pg/mL 

Without hypo-osmotic swelling test 

1 34 2,064 7 2 2+ 4 24 No 
2 35 791 13 4 4 4 36 No 
3 29 2,791 12 1 1+ 2 12 No 
4 32 5,816 12 4 4 0 29 No 
5 35 2,996 16 4 2 1 25 No 
6 31 3,594 9 1 1 1 6 No 
7 32 3,994 22 8 7 5 39 No 
8 35 1,817 5 1 1 0 8 No 

Mean or total:j: 32.9:!: .8 2,983 :!: 542 96/114 (84) 25 (26) 22 (23) 17 (18) 22.4 :!: 4.4 0 

With hypo-osmotic swelling test 

1 34 368 7 4 4 0 40 No 
2 35 1,401 8 6 6 0 47 Yes 
3 30 4,903 17 5 5 0 40 Yes 
4 35 795 8 1 1 2 21 No 
5 37 1,381 6 3 3+ 0 64 No 
6 35 2,158 5 2 2 0 24 No 
7 33 2,097 8 5 4 0 28 Yes 
8 35 1,583 13 5 3 4 38 No 

Mean or total:j: 34.3:!: .7 1,836 :!: 487 72/83 (87) 31 (43)§ 28 (39)§ 6 (8) 37.8 :!: 4.9§ 3/8 (38) 

* Conversion factor to SI unit: E2, 3.671. :j: Values are means:!: SEM with percentages in parentheses. 
t In all cases where 3 or more embryos were available, 3 em- § Significantly different, P < 0.05. 

bryos were transferred. The + indicates embryos transferred at 
72 hours. 
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Table 3 Embryo Quality by Grade for With Hypo-osmotic 
Swelling Test and Without Hypo-osmotic Swelling Test Groups 

Embryo 
quality* 

Grade 1 
Grade 2 
Grade 3 
Grade 4 
Grade 5 
Grade 1 and 2 

Without hypo-osmotic 
swelling test 

4 (18.2)t 
8 (36.4) 
6 (27.3) 
2 (9.1) 
2 (9.1) 

12 (54.6) 

With hypo-osmotic 
swelling test 

10 (34.5) 
6 (21.7) 
4 (13.8) 
9 (31.0) 
o 

16 (56.2) 

* Grade 1 is the best quality and Grade 5 is the worst (6). 
t Values in parentheses are percentages. 

the lesl procedure was first proposed by Desmet et 
aI. (Desmet B, Joris H, Nagy Z, Liu J, Bocken G, 
Vankelecom A, et aI., abstract). However, these in
vestigators used the sperm thus selected for injec
tion of I-day-old, unfertilized oocytes with resulting 
fertilization and cleavage rates of3% and 2%, respec
tively. It appears that the test was abandoned after 
these poor results. 

In the present study, we injected fresh metaphase 
II oocytes within 2 hours of stripping the cumulus
corona cells. Our results demonstrate that it is possi
ble to use the hypo-osmotic swelling test to select 
sperm for lesl from samples with 0% motility. The 
fertilization and cleavage rates (43% and 39%, re
spectively) were similar to our results during the 
same time period in couples with motile sperm. In 
contrast, random selection of sperm for injection 
from completely asthenospermic samples resulted in 
significantly poorer fertilization and cleavage rates. 
Of the cleaved embryos produced, the percentage of 
high quality embryos was similar in each group. 
However, because of the higher fertilization rate in 
the group with sperm selection by hypo-osmotic 
swelling test, three embryos were available for 
transfer in six women whereas only three women in 
the group treated before the introduction of hypo
osmotic swelling test had three embryos for transfer. 
As a result, the cumulative embryo score was sig
nificantly higher in the group in which sperm were 
selected using the hypo-osmotic swelling test. In this 
preliminary study, three of eight couples conceived 
after lesl using these hypo-osmotic swelling test-
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selected sperm. One of these pregnancies resulted 
in the delivery of healthy twin boys. Unfortunately, 
the other two pregnancies were lost as spontaneous 
abortions at 8 and 14 weeks gestation, after fetal 
heart activity had been observed in both cases. We 
suggest that the sperm are not damaged by the hypo
osmotic swelling test procedure based on the similar 
percentage of high quality embryos in both groups 
and on the occurrence of pregnancy after the hypo
osmotic swelling test. 

The hypo-osmotic swelling test is extremely sim
ple to perform. The curled tails of the sperm with 
intact membranes are easy to identify. These sperm 
can be aspirated individually from the hypo-osmotic 
solution and resume their normal size and shape 
once placed in the usual culture medium before in
jection. Approximately 30% ofthe sperm were identi
fied as having intact membranes by the hypo-os
motic swelling test, which was similar to the 
percentage identified as viable using Eosin Y stain
ing. It is extremely likely, therefore, that the hypo
osmotic swelling test is able to identify viable sperm. 
We believe these results are extremely promising 
and provide a simple method to select immotile but 
viable sperm for leSI. 
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Sperm deoxyribonucleic acid
fragmentation is increased in poor-
quality semen samples and correlates
with failed fertilization in
intracytoplasmic sperm injection

Stephanie Lopes, M.Sc., Jian-Guo Sun, Ph.D., Andrea Jurisicova, Ph.D.,
Jim Meriano, B.Sc., and Robert F. Casper, M.D.

Division of Reproductive Sciences, Department of Obstetrics and Gynecology, University of Toronto and the
Toronto Center for Advanced Reproductive Technology, Toronto, Ontario, Canada

Objective: To determine the incidence of DNA fragmentation in human sperm used for intracytoplasmic sperm injection
(ICSI) and to correlate any detected DNA damage with semen analysis parameters and fertilization rates in ICSI.

Design: Descriptive and correlational clinical study.

Setting: Tertiary care fertility clinic.

Patient(s): A total of 150 semen samples was collected from men in the ICSI program.

Intervention(s): For each sample, sperm wash and swim-up were performed, and the percentage of recovered sperm with
DNA fragmentation was determined with the use of terminal transferase-mediated deoxyuridine triphosphate-biotin end
labeling.

Main Outcome Measure(s): The percentage of sperm with DNA fragmentation was correlated with semen analysis
parameters and ICSI fertilization rates.

Result(s): The mean (6SD) percentage of sperm with fragmented DNA was 14.5%6 1.5% and ranged from 0.5% to 75%.
A significant negative association was found between the percentage of sperm with DNA fragmentation and the ICSI
fertilization rate. We also observed that the motility and morphology of the ejaculated sperm were correlated negatively with
the percentage of DNA fragmentation in the washed sperm recovered by the swim-up technique.

Conclusion(s): Our results suggest that when poor-quality semen samples are used for ICSI, there is a greater likelihood
that some sperm selected for injection, despite appearing normal, contain fragmented DNA. Whether sperm DNA damage
may contribute to failure of pronuclear formation and embryo development in some apparently unfertilized ICSI oocytes
is unclear. (Fertil Sterilt 1998;69:528–32. ©1998 by American Society for Reproductive Medicine.)

Key Words: Intracytoplasmic sperm injection, sperm chromatin, male infertility, fertilization, DNA fragmentation, semen
analysis

Since the initial reported pregnancies using
intracytoplasmic sperm injection (ICSI) (1),
tremendous progress has occurred in the treat-
ment of male factor infertility, apparently re-
gardless of the severity of the sperm defect.
Because a sperm cell is injected directly into
the cytoplasm of the mature oocyte, the sperm
membrane-oocyte interaction is no longer rel-
evant, placing increased emphasis on the qual-
ity of the sperm chromatin and the ability of the
oocyte to initiate decondensation and pro-
nuclear formation.

Intracytoplasmic sperm injection is used
primarily to treat couples in which the male has
a severe sperm defect. Consequently, the ICSI
procedure has created debate about the use of
sperm from abnormal samples to achieve fer-
tilization because physiological selection pro-
cesses are bypassed. In particular, there is con-
cern that sex chromosome abnormalities may
be more frequent in ICSI pregnancies (2).
Other data suggest that babies born as a result
if ICSI do not have increased numbers of chro-
mosomal abnormalities (3).
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Even though the most normal appearing, motile sperma-
tozoa are selected for injection in the ICSI procedure, the
quality of semen sample from which the sperm is chosen
must be taken into consideration. In general the ICSI fertil-
ization rate does not exceed 65% in most clinics, despite the
mechanical injection of one sperm into each mature oocyte
(4–6). A possible explanation for this lower than expected
fertilization rate could be that sperm selected from semen of
patients with male factor infertility may have defects in their
DNA. Such abnormalities as loosely packaged chromatin
and damaged DNA have already been observed in poor-
quality semen samples (7–9).

We recently determined that a small percentage of sperm
used for IVF contained varying degrees of DNA fragmenta-
tion and that the percentage of sperm with DNA damage
correlated negatively with fertilization rates (10). The objec-
tive of the present study was to evaluate the degree of sperm
DNA fragmentation in the much poorer quality semen sam-
ples used for ICSI and to again correlate the percentage of
abnormal sperm detected with routine semen analysis pa-
rameters and with fertilization rates in ICSI. We hypothe-
sized that much higher rates of DNA fragmentation would be
seen in the sperm obtained from men with severe male factor
infertility undergoing ICSI compared with that seen in IVF
samples.

MATERIALS AND METHODS

Sample Collection
A total of 150 semen samples was collected from couples

undergoing ICSI at the Toronto Center for Advanced Repro-
ductive Technology. Written consent for use of the sperm for
research was obtained from patients according to guidelines
established for research on human subjects by the Toronto
Hospital and the University of Toronto.

Semen Preparation
Semen samples were collected after at least 48 hours of

abstinence. After approximately 30 minutes of liquefaction
at room temperature, both routine semen analysis and
swim-up assessment were performed with the use of stan-
dard techniques (10). For swim-up, the sample was diluted
with human tubal fluid (Irvine Scientific, Santa Ana, CA)
supplemented with 10% human serum albumin (HSA; Irvine
Scientific). The diluted semen was washed two times by
centrifugation for 10 minutes at 2203 g; the final pellet was
resuspended in approximately 200mL of medium and lay-
ered gently under 1 mL of fresh medium supplemented with
10% HSA albumin (Irvine Scientific). The motile spermato-
zoa were allowed to swim up for 1 hour into the overlaying
medium at 37°C in a 5% CO2 incubator. The supernatant,
containing swim-up sperm, was aspirated, and the number of
motile sperm was evaluated with a hemocytometer.

Terminal Transferase-Mediated Deoxyuridine
Triphosphate-Biotin End Labeling Assay

In the sperm recovered by swim-up DNA fragmentation
was measured with a modification of the method of terminal
deoxynucleotidyl transferase mediated deoxyuridine triphos-
phate-biotin end labeling, which we previously described
(10, 11). Immediately after the ICSI procedure was per-
formed, the remaining sperm were fixed with 1% formalde-
hyde (BDH, Inc., Toronto, ON, Canada) for 10 minutes at
room temperature. A slide was prepared of the fixed sperm
and allowed to air dry. After washing in phosphate-buffered
saline (PBS) (pH 7.4), 100mL of prewash buffer containing
single-strength One-Phor-All buffer (100 mM tris(hy-
droxymethyl)aminomethane [Tris]-acetate, 100 mM magne-
sium acetate, 500 mM potassium acetate; Pharmacia LKB
Biotech, Piscataway, NJ) and 0.1% Triton X-100 (Caledon
Laboratories Ltd., Georgetown, ON, Canada) was placed on
the slide for 10 minutes at room temperature.

The prewash was decanted, and 50mL of terminal de-
oxynucleotidyl transferase buffer containing 3mM of biotin-
16-deoxyuridine triphosphate (Boehringer Mannheim, La-
val, PQ, Canada), 12mM deoxyadenosine triphosphate
(Pharmacia LKB Biotech), 0.1% Triton X-100, and 10 U of
terminal deoxynucleotidyl transferase enzyme (Pharmacia
LKB Biotech) was added to the slide and allowed to incubate
at 37°C for 60 minutes. After two washes with PBS, the
fixed, permeabilized sperm were treated with 100mL of
staining buffer consisting of 0.1% Triton X-100 and 1%
Streptavidin Texas red antibiotin (Calbiochem-Novabio-
chem Corporation, La Jolla, CA) and incubated at 4°C in the
dark for 30 minutes. The stained cells were washed in PBS
and counterstained with 4,6-diamidino-2-phenylindole,
which stains chromatin, before analysis.

For negative controls, the enzyme terminal transferase
was omitted from the reaction mixture. For positive controls,
the samples were pretreated with 0.1 IU deoxyribonuclease
(DNAase) I (Pharmacia LKB Biotech) for 30 minutes at
room temperature and then labeled.

Analysis
With the use of a fluorescent microscope, sperm stained

with 4,6-diamidino-2-phenylindole were first manually
counted under ultraviolet light. This number represented
total sperm in the field. Red fluorescence labeling was de-
tected with the use of a 640-nm filter on the same field. The
number of sperm demonstrating red fluorescence was ex-
pressed as a percent of total sperm in the field to give a mean
(6SEM) DNA fragmentation rate. This assessment was per-
formed on 10 fields per sample. Approximately 500 sperm
were counted per slide.

Statistical Evaluation
Sigmastat (Jandel Corporation, San Raphael, CA) was

used for data analysis. Because the data were not normally
distributed, we used Spearman’s rank order correlation to
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determine the correlation of DNA fragmentation with fertil-
ization and embryo cleavage rate. Multiple linear regression
analysis was used to determine if a significant influence of
semen analysis parameters on DNA fragmentation existed.
P , 0.05 was considered statistically significant.

RESULTS

A total of 150 male patients provided sperm samples
processed as described above for terminal transferase-medi-
ated deoxyuridine triphosphate-biotin end labeling. Of these
samples, 19 were for assessment only, and 131 were pro-
cessed for ICSI. Assessment of DNA fragmentation for
correlation with fertilization was conducted on the same
sperm sample used immediately after the ICSI procedure. An
example of the degree of red fluorescence obtained with the
technique is shown in Figure 1. The negative control sperm
sample in which terminal transferase was omitted showed
0% red fluorescence. The positive control sperm sample,
which was pretreated with DNAase I, showed 97% labeled
sperm.

With the use of Spearman’s rank correlation coefficient, a
negative correlation was found between the percentage of
sperm with DNA fragmentation after swim-up and the ICSI
fertilization rate (r 5 20.23; P 5 0.0117;n 5 131; Fig. 2
and Table 1). In contrast, there was no correlation between
percentage of sperm with DNA fragmentation and the em-

bryo cleavage rate. Embryo cleavage rate was defined as the
number of embryos that have divided at 48 hours out of the
total number of oocytes that showed fertilization at 24 hours.
The 131 samples that gave a negative correlation with fer-
tilization rate were obtained from ICSI patients at the time of
their procedure.

To detect an influence of single or combined semen
analysis parameters on DNA fragmentation, multiple linear
regression analysis was used. The mean semen characteris-
tics of all samples analyzed were as follows: sperm concen-
tration, 37.33 106/mL; motility, 28.9%; and morphology,
32.4%. We observed that increased DNA fragmentation
could be predicted by the combination of poor motility of the
ejaculated sperm and percentage normal morphology in the
raw semen samples before swim-up (P 5 0.002). Sperm
concentration, in contrast, did not appear to have a signifi-
cant correlation with DNA fragmentation (P . 0.05).

DISCUSSION

Intracytoplasmic sperm injection is now accepted as an
appropriate treatment for patients with male factor infertility
and results in high fertilization and pregnancy rates (4).
Favorable results are achieved even from semen samples
with severe oligoasthenoteratozoospermia. However, the im-
portance of the sperm contribution to fertilization must be
considered when performing intracytoplasmic injection of

F I G U R E 1

Human spermatozoa from a patient undergoing ICSI; the spermatozoa were collected after swim-up, fixed on a slide, and
analyzed by 4,6-diamidino-2-phenylindole or terminal transferase-mediated deoxyuridine triphosphate-biotin end labeling for
fragmented DNA. (A), Sperm stained with 4,6-diamidino-2-phenylindole to label all chromatin, allowing a count of the total
number of sperm. (B), The same field after terminal transferase-mediated deoxyuridine triphosphate-biotin end labeling using
biotinylated nucleotides and Streptavidin Texas red conjugate. Approximately 75% of sperm were labeled (indicating the
presence of DNA fragmentation) in this sample. The arrow points to the location of sperm head with intact DNA which is
visualized in the 4,6-diamidino-2-phenylindole-stained field (A) but does not label and, therefore, is not seen with terminal
transferase-mediated deoxyuridine triphosphate-biotin end labeling (B).
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spermatozoa from subfertile males, especially those with a
high percentage of abnormal spermatozoa.

The results of the present study showed that spermatozoa
from patients with abnormal sperm motility and morphology
on semen analysis, according to World Health Organization
criteria (12), have increased levels of DNA damage. We
found that the percentage of sperm with DNA fragmentation
is negatively associated with fertilization rate. This observa-
tion is likely to be of importance to the ICSI procedure
because it is assumed that morphologically normal, motile
sperm selected for injection are in fact normal.

Our study suggests that sperm selected for ICSI often may
be selected from a sperm population with a relatively high
incidence of fragmented DNA. It is possible that a high level
of abnormalities in the chromatin of a spermatozoon selected
for ICSI may impede the initiation or completion of decon-
densation, therefore leading to an apparent failure of fertil-
ization (13). Other possible causes of failed ICSI fertilization
include oocyte abnormalities, such as chromosomal DNA
fragmentation or failure of cytoplasmic maturation (14, 15),
and absence of the sperm head in up to 19% of oocytes
(13, 16).

In comparison with other cells, sperm nuclear chromatin
is highly condensed because of the replacement of histones

by protamine and increased disulfide bond formation (17).
Therefore, sperm DNA is normally highly resistant to phys-
ical or chemical denaturation. With the use of the acridine
orange staining test, fewer sperm with double-stranded
DNA, suggesting fewer disulfide bonds in the sperm chro-
mosomes, were observed in men who had low fertilization in
IVF compared with those with apparently normal fertiliza-
tion (18).

It is believed that chromatin packaging anomalies in
human spermatozoa arise because of defects in the sperm
nuclear condensation mechanisms, such as faulty protamine
deposition during spermatogenesis in some patients (19–21).
This hypothesis is supported by the increased aniline blue
staining of sperm observed in infertile men, indicating the
persistence of histones (8). These abnormalities may be
associated with increased DNA instability and sensitivity to
denaturing stress. Griveau et al. (22) also found that asthe-
nozoospermic men displayed a high percentage of sperma-
tozoa with abnormal nuclei, and slow, incomplete chromatin
decondensation in Xenopus oocyte extracts compared with
sperm of normozoospermic men.

In the present study, the specific activity of terminal
deoxynucleotidyl transferase was used to incorporate bioti-
nylated deoxyruridine to 39-OH ends of DNA to detect DNA
fragmentation. We previously used the same technique,
along with 4,6-diamidino-2-phenylindole staining of chro-
matin, to confirm the occurrence of DNA fragmentation
associated with apoptosis in fragmented human embryos
(11) and to show low levels of sperm DNA fragmentation in
normal appearing semen samples used for IVF (10).

The reason for sperm DNA fragmentation is unclear at
present. Gorczyka et al. (23) proposed that the presence of
endogenous nicks in ejaculated human sperm is characteris-
tic of programmed cell death as seen in apoptosis of somatic
cells. In this context, apoptosis may lead to functional elim-
ination of possibly defective germ cells from the genetic
pool. Another study suggested that the appearance of DNA

T A B L E 1

Association between fertilization rate in ICSI and sperm
DNA fragmentation of ,25% or .25% assessed with use
of the terminal transferase-mediated deoxyuridine
triphosphate-biotin end labeling assay (n 5 131).

Fertilization rate (%)

DNA
fragmentation

Samples with.25%
DNA damage (%),25% .25%

,20 1 3 (75)
20–39 7 7 (50)
40–59 20 6 (20)
60–79 41 3 (7.3)
.80 43 0 (0)

F I G U R E 2

The percentage of sperm with DNA fragmentation observed
in 131 ICSI sperm samples grouped according to the ICSI
fertilization rate in the same samples. The heavy horizontal
bar indicates the median of DNA fragmentation in each
group, and the rectangle around the bar indicates the 95%
limits about the median. The error bars indicate the range of
DNA fragmentation values in each group. A significant neg-
ative correlation between the percentage of sperm with DNA
fragmentation and the ICSI fertilization rate was detected
using Spearman’s rank correlation coefficient (r 5 20.23;
P 5 0.0117).

FERTILITY & STERILITY t 531



nicks during the late spermatid stage may facilitate the
packaging of DNA into a very small volume during sper-
miogenesis (24). A third speculation is that protein replace-
ment and chromatin rearrangement are related to nick trans-
lation sensitivity (25). On this basis, sperm with DNA
damage might represent spermatozoa that have failed to
complete maturation.

Alternatively, it is known that DNA fragmentation in
somatic cells can be caused by reactive oxygen species
(ROS) (26, 27). Several pathological processes, such as var-
icocele, infection with pyospermia, as well as repeated cen-
trifugation during the ‘‘swim-up from pellet’’ technique
used in the present study, may increase the level of ROS
(28, 29). Therefore, increased concentrations of ROS, par-
ticularly in the presence of reduced protamination and dis-
ulphide bond formation, may be associated with poor semen
quality and sperm DNA fragmentation.

In summary, we have shown that a negative correlation
exists between the percentage of sperm with DNA fragmen-
tation after swim-up and the fertilization rate in ICSI. In
addition, we showed that poor sperm motility and morphol-
ogy are associated with increased sperm DNA fragmenta-
tion. In cases of severe male factor infertility, we suggest that
a significant proportion of sperm injected into oocytes may
contain fragmented DNA. This suggestion may partially
explain the inability of most clinics to achieve a fertilization
rate of.65% with ICSI.

We would like to extend this study to failed ICSI oocytes
and define DNA fragmentation in individual oocytes that
failed to form pronuclei using the same terminal transferase-
mediated deoxyuridine triphosphate-biotin end labeling
technique. Further studies are also required to determine the
causes of DNA damage in spermatozoa, and if possible, to
develop a method for selecting sperm with intact DNA for
use in ICSI.
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Potential adverse effect of sperm DNA damage on 
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BACKGROUND: Sperm DNA damage is prevalent amongst infertile men and has been shown to strongly impact
adversely natural reproduction, intrauterine insemination-assisted reproduction and to a lesser degree IVF/ICSI fer-
tilization. The objective of this study was to examine further the relationship between sperm DNA denaturation (DD)
and reproductive outcomes after ICSI. METHODS: We evaluated infertile couples (n = 60) undergoing IVF/ICSI at a
single centre. Sperm DD was assessed by flow cytometry analysis of Acridine Orange-treated sperm and expressed as
the percentage of sperm with DD. Couples were sub-grouped according to sperm DD results: group 1: 0–15%; group
2: >15–30%; group 3: >30%. RESULTS: There were no differences between the three groups with regard to mater-
nal age, sperm parameters, oocyte maturation, fertilization or pregnancy rates. Group 3 had a significantly higher
rate of multinucleation among the embryo cohorts compared to either groups 1 or 2 (20% versus 10% and 8%
respectively, P = 0.04). There was a statistically insignificant trend toward an increased spontaneous pregnancy loss
rate in group 3 (P =0.50). CONCLUSION: Although we did not observe significant relationships between sperm DNA
damage and either fertilization or pregnancy rates, the potential adverse effect of sperm DNA damage on embryo
quality and spontaneous pregnancy loss is concerning.

Key words: DNA damage/embryo/male infertility/multinucleation/sperm

Introduction

Mammalian fertilization involves the direct interaction of the
sperm and oocyte, fusion of the cell membranes and subse-
quent union of male and female gamete genomes (Primakoff
and Myles, 2002).Animal studies have shown that the comple-
tion of this process and subsequent embryo development
depend in part on the inherent integrity of the sperm DNA and
that there may be a threshold of sperm DNA damage (e.g.
DNA fragmentation) beyond which fertilization and embryo
development are impaired (Ahmadi and Ng, 1999). However,
DNA-damaged sperm can form pronuclei at fertilization
(Twigg et al., 1998) and allow for normal embryo development
(Bungum et al., 2004), and this has led investigators to recom-
mend assessment of sperm DNA damage as part of the assisted
reproduction programme (Perreault et al., 2003).

There is now clear evidence that infertile men possess sub-
stantially more sperm DNA damage than do fertile men
(Evenson et al., 1980; Irvine et al., 2000; Shen and Ong, 2000;
Spano et al., 2000; Zini et al., 2001, 2002). This is clinically
relevant given that infertile men (especially those with severe
male-factor infertility and with poor sperm DNA integrity) will
be seeking treatment with assisted reproductive technologies. We
have shown that the mean percentage of sperm with denatured

DNA (DD: abnormally high levels of single-stranded portions
of DNA) and DNA fragmentation (DF) is 25 and 28% respec-
tively in infertile men and 10 and 13% respectively in fertile
men (Zini et al., 2001). We have also reported that ∼20% of
non-azoospermic, infertile men, but none of the fertile men,
have a high percentage (>30%) of sperm with DD (Zini et al.,
2002).

The influence of sperm DNA damage on reproductive out-
comes (assisted and unassisted) has been the subject of numer-
ous studies. It has been reported that couples in which the
husband has a high percentage of sperm with DD have a lower
level of natural fertility, with 10% of couples achieving a preg-
nancy within 1 year when the percentage of sperm with DD is
>30% (Evenson et al., 1999; Spano et al., 2000). Moreover,
sperm DNA integrity is poorer in those couples whose natural
pregnancy resulted in miscarriage as compared to that of the
highly fertile couples (Evenson et al., 1999; Carrell and Liu,
2001; Virro et al., 2004). To date, the bulk of the data indicate
that the fertilization rate at IVF or ICSI is not influenced by the
level of sperm DNA damage (Lopes et al., 1998; Host et al.,
2000; Tomlinson et al., 2001; Tomsu et al., 2002; Morris et al.,
2002; Benchaib et al., 2003; Larson-Cook et al., 2003; Henkel
et al., 2004; Bungum et al., 2004). On the other hand, most
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studies have observed that sperm DNA damage is inversely
related to pregnancy rates at IVF and ICSI but the threshold
level of sperm DNA damage (beyond which no pregnancy is
observed) has not been established (Host et al., 2000; Tomlinson
et al., 2001; Tomsu et al., 2002; Benchaib et al., 2003;
Larson-Cook et al., 2003; Henkel et al., 2004; Bungum et al.,
2004). A recent report suggests that human sperm DNA dam-
age may have an adverse effect on embryo development (Seli
et al., 2004; Virro et al., 2004) but this subject has not been
studied extensively.

As such, we sought to evaluate further the relationship
between sperm DNA denaturation measured by the flow
cytometry analysis of Acridine Orange (AO)-treated sperm and
reproductive outcomes (including embryo quality) after ICSI.

Materials and methods

Materials

Acridine Orange was purchased from PolySciences (Warrington, PA,
USA). Unless otherwise stated, all other chemicals were obtained
from Sigma Chemical Co. (St Louis, MO, USA) and were reagent
grade or higher.

Study subjects and semen handling

The study is based on a cohort of consecutive infertile couples under-
going IVF/ICSI at the LifeQuest Centre for Reproductive Medicine
between September 2003 and March 2004 (IUI and standard IVF
cycles were not included). Only ICSI cycles with ejaculated sperm
were included in the analysis. (Cycles using surgically retrieved
sperm were excluded.) The inclusion criteria for female partner was
age <40 years.

After informed consent, male partners were asked to submit a
semen sample 1–2 weeks prior to planned ICSI for evaluation of
sperm DNA denaturation. All semen samples were produced by mas-
turbation after 3–5 days of sexual abstinence. After liquefaction of
semen, standard semen parameters (volume, concentration, and motil-
ity, morphology) were obtained according to World Health Organiza-
tion guidelines (WHO, 1999). A portion of the unprocessed semen
(∼25–100 ml, containing ∼2×106 sperm) was frozen at –70°C for later
analysis of sperm DNA denaturation. None of the semen samples had
significant leukocytospermia as per WHO guidelines (WHO, 1999).

This study was approved by the Ethics Board at the Mount Sinai
Hospital in Toronto. Patient information for this study remained con-
fidential and within the institution.

DNA denaturation: AO sperm staining and flow cytometry

Sperm DNA integrity was assessed by monitoring sperm DNA dena-
turation (DD), as previously described (Evenson et al., 1999; Zini
et al., 2002). Stored semen samples were thawed on ice and 200 ml of
TNE (0.01 mol/l Tris–HCl, 0.15 mol/l NaCl and 1 mmol/l EDTA, pH
7.4) was added to the sample. The samples were treated for 30 s with
400 ml of a solution of 0.1% Triton X-100, 0.15 mol/l NaCl, and 0.08
N HCl, pH 1.2. After 30 s, 1.2 ml of staining buffer (6 mg/ml AO, 37
mmol/l citric acid, 126 mmol/l Na2HPO4, 1 mmol/l disodium EDTA,
0.15 mol/l NaCl, pH 6.0) was added to the test tube and 3 min later the
sample was analysed by flow cytometry.

Following excitation by a 488 nm wavelength light source, AO
bound to double-stranded DNA emits green fluorescence (515–530
nm) and AO bound to single-stranded DNA emits red florescence
(≥630 nm). Three minutes after AO staining, the samples were ana-
lysed in a FACS Calibur flow cytometer (Becton Dickinson, San José,

CA, USA). A minimum of 5000 cells from two aliquots of each sam-
ple were analysed by FACS scan interfaced with a data handler (Cel-
lquest 3.1; Becton Dickinson) on a Power Macintosh 7600/132
computer (Cupertino, CA, USA). FCS Express version 2 (De Novo
Software, Version 2, Thornhill, ON, Canada) was used to generate the
cytogram and histogram plots (see Figure 1) and the sperm DD results
(expressed as the percentage of sperm with DD). A mean of the two
sperm DD values was reported.

Fresh and frozen–thawed samples have yielded similar results
(<5% variability) (Zini et al., 2002). We have shown that inter-assay
variability of sperm DD is low (<5%) by repeat assessments of refer-
ence semen samples (Zini et al., 2002). More than 300 aliquots of the
same semen sample (‘reference sample’) have been stored at –70°C
for ongoing assessment of inter-assay variability. A reference sample
is used to set the red and green photomultiplier tube (PMT) voltage
gains to give the same means for red and green fluorescence levels
(130/1000 and 500/1000 channels + 5). A new reference sample is run

Figure 1. Representative cytogram and corresponding histogram of
the sperm DNA denaturation assay.

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article-abstract/20/12/3476/2913807 by guest on 16 O
ctober 2018



A.Zini et al.

3478

every 6–10 samples to avoid drift. We have previously validated our
assay by assessing sperm DNA fragmentation (DF) in parallel with
sperm DD and have shown a strong association between these two
measures of DNA integrity (Zini et al., 2001).

Ovarian stimulation 

Patients start a low dose oral contraceptive (Marvelon, Organon)
within 7 days of beginning their last menstrual period. On the third
week of oral contraceptive, GnRH agonist (leuprolide acetate, 0.1 mg)
is commenced. After 2 weeks of down-regulation, gonadotrophins
(Puregon; Organon, Canada) are administered at a dose appropriate to
patient diagnosis and age. Cycle is monitored regularly by a combina-
tion of estradiol levels and follicular monitoring. Oocyte maturation is
commenced by a timed hCG administration given 36 h prior to oocyte
retrieval.

Oocyte retrieval and sperm preparation:

Thirty-six hours after hCG administration, the oocytes were retrieved
from the developing follicles. The oocyte–cumulus complexes were
found, recorded, washed, labelled and incubated for a minimum of 3 h
before insemination. Semen sample was collected by masturbation
and allowed to liquefy for ≥0.5 h before processing. The semen and
sperm were separated by either density gradient centrifugatioin or
swim-up method. The initial specimen and the washed fractions were
analysed for count, motility and morphology (WHO, 1999). The
washed fraction was placed in a labelled tube at room temperature
until 1 h before insemination, at which time it was incubated at 37°C
until insemination (ICSI or IVF).

ICSI

The technique for IVF–ICSI has been described previously (Greenblatt
et al., 1995). Sperm used for ICSI were chosen based on criteria for
normal morphological sperm (WHO, 1999). During ICSI, oocytes
were assessed for morphological features (Van Blerkom and Henry,
1992; Meriano et al., 2001). The ICSI oocytes were then washed in
equilibrated HTF/10% synthetic serum substitute (Irvine Scientific,
Santa Anna, CA, USA) and cultured in microdrops of the same
media under sterile equilibrated mineral oil in a tri-gas (5% CO2/5%
O2 90% N2) environment. Approximately 18 h after injection,
oocytes were assessed for signs of fertilization (two distinct pronu-
clei and two polar bodies) and pronuclear morphology was evalu-
ated based on characteristics described by Tesarik and Greco (1999).
At 40–42 and 69–71 h incubation, cleaved embryos were identified
and graded based upon blastomere symmetry, degree of fragmenta-
tion, and nuclear status. Multinucleation of blastomeres was
observed and noted on day 2 of development (Meriano et al., 2004).
Day 5 classification was performed using the grading system of
Gardner et al. (2000).

Data analysis

Results are expressed as mean ± SEM. Inter-group (positive and nega-
tive pregnancy groups) differences in clinical and semen parameters
were assessed by parametric and non-parametric tests as appropriate.
The difference in reproductive outcomes (e.g. pregnancy rate, fertili-
zation rate, embryo quality) between couples with a low (0–15%),
intermediate (>15 – 30%) and high (>30%) percentage of sperm with
DNA denaturation were compared using a χ2-test (significance set at
the P < 0.05 level). The relationships between parameters were exam-
ined using linear regression techniques with Pearson’s correlation
coefficient. All hypothesis testing was two-sided with P = 0.05
deemed as significant. Statistical analysis was performed using Sigma
Stat software (SPSS Inc, Chicago, USA).

Results

Sixty couples were included in this study. These couples were
assigned to three groups based upon the male partner’s sperm
DD score. Twenty-three couples were assigned to group 1
(0–15% DD), 26 to group two (>15–30% DD) and 11 to group
three (>30% DD). We did not identify any significant correla-
tions between sperm DD values and conventional semen
parameters (concentration, motility and morphology) (data not
shown).

There were no significant differences between the three
groups with regard to maternal age, mean sperm count, motil-
ity and morphology, oocyte maturation, fertilization or day 3
cleavage rates (see Table I). Also, there were no significant
differences between the three groups with regard to E2 and
day of hCG injection (data not shown). The pregnancy rates
were similar in all groups. There was a trend toward an
increased spontaneous pregnancy loss rate in group 3 (P
=0.50). All of the five spontaneous abortions (two in group 1,
one in group 2 and two in group 3) were late first trimester
abortions.

Group 3 (>30% DD) had a significantly higher multinucle-
ation rate among the embryo cohort compared to either group
2 or 1 (20% versus 10% and 8% respectively, P = 0.04). Two
of the patients in group 3 had levels of sperm DD >40%. In
one case (sperm DD = 41% and two of the seven embryos
with multinucleation), a clinical pregnancy was achieved but
this subsequently resulted in a late first trimester abortion. In
the other case (sperm DD = 70% and none of the eight
embryos were multinucleated), no clinical pregnancy was
achieved.

We did not identify any significant correlations between
multinucleation rate and maternal age or oocyte maturation.
There were no significant differences in female age, number of
mature oocytes, conventional semen parameters and sperm DD
values between the couples that achieved and those that did not
achieve pregnancy (see Table II).

Table I. Clinical parameters as a function of the percentage of sperm with 
DNA denaturation

aValues are expressed as means ± SEM.
bOne way ANOVA.
cKruska–Wallis one-way ANOVA on ranks.
dχ2-Test.

Group 1
0–15%
(n = 23)

Group 2
>15–30%
(n = 26)

Group 3
>30%
(n = 11)

P

Maternal age 34.7 ± 0.5a 35.0 ± 0.5 33.7 ± 1.3 0.52b

Sperm concentration 
(×106/ml)

74.9 ± 13.8 62.9 ± 13.0 70.2 ± 13.8 0.53c

Motile sperm (%) 47.3 ± 3.0 42.0 ± 4.0 39.3 ± 3.6 0.36b

Normal forms (%) 45.2 ± 2.2 43.4 ± 2.4 47.0 ± 2.5 0.65b

Oocytes retrieved 10.9 ± 1.1 14.8 ± 1.8 13.1 ± 1.4 0.19b

Metaphase II oocytes 8.1 ± 0.9 12.1 ± 1.5 10.3 ± 1.2 0.09c

Oocyte maturation (%) 71 (178/251) 82 (315/385) 78 (113/144) 0.51d

Fertilization (%) 82 (146/178) 76 (239/315) 74 (84/113) 0.82d

Day 3 cleavage (%) 73 (106/146) 73 (174/239) 73 (61/84) 0.99d

Multinucleation (%) 8 (12/146) 10 (25/239) 20 (17/84) 0.04d

Mean embryo transfer 1.8 ± 0.2 2.2 ± 0.1 2.0 ± 0.2 0.10c

Clinical pregnancy rate (%) 52 (12/23) 50 (13/26) 55 (6/11) 0.99d

Spontaneous abortion (%) 17 (2/12) 8 (1/13) 33 (2/6) 0.50d
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Discussion

In the present study, we have observed that a high percentage
of sperm with DD (>30%) is associated with an increased prev-
alence of multinucleated blastomeres at ICSI, suggesting that
increased chance of sperm DNA damage may have an adverse
effect on embryo quality. Multinucleated blastomeres are
detected in ∼15–35% of ICSI embryos (Hardy et al., 1993; Van
Royen et al., 2003), are associated with blastomere fragmenta-
tion (Hnide et al., 2004) and are believed to arise from failed
cytokinesis. Multinucleated blastomeres can lead to cleavage
stage arrest in vitro and have been associated with a lower blas-
tocyst formation rate and a lower implantation rate (Van Royen
et al., 2003). Taken together, these observations suggest that
the reported inverse relationship between sperm DNA damage
and male fertility potential in vivo (Evenson et al., 1999; Spano
et al., 2000; Zini et al., 2001) may in part be explained by the
potential adverse effect of sperm DNA damage on embryo
development. Indeed, Seli et al. (2004) and Virro et al. (2004)
have also recently observed that sperm DNA damage impacts
on blastocyst development after IVF. We cannot exclude the
possibility that the development of multinucleated blastomeres
may in some cases be due to an oocyte problem rather than
sperm DNA damage.

In keeping with previous reports, we have not observed a
relationship between sperm DNA damage and fertilization
rates with IVF/ICSI (Lopes et al., 1998; Host et al., 2000,
Morris et al., 2002; Benchaib et al., 2003; Larson-Cook et al.,
2003; Henkel et al., 2004; Bungum et al., 2004).Indeed, nei-
ther fertilization nor early embryo development are dependent
on sperm DNA integrity since the embryonic genome is not
expressed until after the second cleavage division (Braude
et al., 1988; Tesarik et al., 2002).

Unlike what has been reported in several clinical studies, we
have not observed an inverse relationship between sperm DNA
damage and pregnancy rates at IVF/ICSI (Benchaib et al.,
2003; Larson-Cook et al., 2003; Henkel et al., 2004). We spec-
ulate that the discrepancy between, on the one hand, the
observed relationship between sperm DNA damage and
embryo quality (multinucleation) and, on the other hand, the
lack of any association (in this study) between sperm DNA
damage and pregnancy rates, may be a result of the selection of
only morphologically normal sperm, and selection of morpho-
logically good quality embryos for transfer at IVF. This selec-
tion process may also explain the lack of association between

sperm DNA damage and pregnancy rates observed in a recent
study (Bungum et al., 2004). However, it is possible that mor-
phologically normal embryos from those couples with high
levels of sperm DNA damage and multinucleated blastomeres
do not develop as well as those embryos from couples with low
levels of sperm DNA damage and without multinucleated blas-
tomeres. Moreover, the loss of embryos (due to multinuclea-
tion) may also reduce the total number of available embryos
for transfer and, ultimately, pregnancy outcomes.

The conclusions drawn from animal studies on sperm DNA
damage and reproductive outcomes may not always apply to
humans. In animals with induced sperm DNA damage, there
may well be a threshold of DNA injury below which normal
fertilization can occur but at which pregnancy outcome is
impaired (Ahmadi and Ng, 1999). However, in these animal
experiments (where DNA damage is induced artificially) the
population of sperm is homogeneous such that each sperm pos-
sesses a relatively uniform degree of DNA damage and the
relationship between sperm DNA damage and reproductive
outcomes is linear. In contrast, the DNA damage within the
subpopulation of human sperm selected for ICSI may be differ-
ent (perhaps with a lower level of DNA damage) than that
measured in the entire population of sperm. Indeed, an analo-
gous situation was observed with respect to sperm morphol-
ogy. It has been reported that the ICSI success rate is related to
the morphological characteristics of the sperm specifically
selected for ICSI but not to that of the percentage normal mor-
phology in the entire population of sperm (Bartoov et al., 2003;
De Vos et al., 2003). Moreover, as discussed earlier, the selec-
tion of only high quality embryos for transfer at IVF may
reduce the potential adverse effect of sperm DNA damage on
pregnancy rates. On the other hand, the selection process itself
(resulting in the loss of embryos) may on occasion lead to
reduced pregnancy rates due to fewer embryos available for
transfer. Although unethical, only randomized studies using
both morphologically normal and abnormal embryos (multinu-
cleated) would help to assess the influence of multinucleation
on pregnancy outcome.

Sperm DNA integrity may become an important parameter
in the setting of ICSI (where natural selection barriers are
bypassed and sperm selection is largely a random process) as
there is concern that the use of DNA-damaged sperm may res-
ult in the iatrogenic transmission of de novo genetic abnormal-
ities (Cox et al., 2002; DeBaun et al., 2003; Orstavik et al.,
2003; Van Opstal et al., 1997). Studies have shown that fertili-
zation, embryo development and subsequent pregnancy are
possible despite a high level of DNA fragmentation in the
sperm population (Twigg et al., 1998; Bungum et al., 2004).
Although the concept has not been tested in the context of
mammalian reproduction, DNA that possesses measurable
damage (e.g. DNA oxidation) may cause misreading errors to
occur during DNA replication in vitro resulting in the genera-
tion of de novo mutations (Kuchino et al., 1987). As such, we
cannot dismiss the possibility that successful fertilization with
DNA-damaged sperm may cause de novo mutations in the off-
spring. Oocytes and embryos can repair sperm DNA damage;
however, there is a threshold beyond which sperm DNA can-
not be repaired (Ahmadi and Ng, 1999).

Table II. Clinical and semen parameters in those couples who achieved and 
those who did not achieve a clinical pregnancy

aValues are expressed as means ± SEM.
bt-Test.
cMann–Whitney signed rank test.

Pregnancy No pregnancy P

Female age 34.1 ± 0.4a 35.2 ± 0.6 0.17b

No. of mature oocytes 11.1 ± 1.2 9.4 ± 1.0 0.28b

Sperm with DNA denaturation (%) 20.4 ± 1.7 20.8 ± 2.4 0.80c

Sperm concentration (×106/ml) 67.9 ± 13.2 69.9 ± 9.7 0.28c

Motile sperm (%) 45.8 ± 2.5 41.1 ± 3.7 0.44b

Normal forms (%) 44.3 ± 2.1 45.2 ± 1.9 0.75b
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Introduction
The embryologist must rely upon light microscopic features
that provide morphological, non-invasive aspects for the
assessment of normality when optimizing embryo selection
(particularly with the transition toward single-embryo transfer)
between the pronuclear and blastocyst stages for patient IVF
culture, embryo transfer and cryopreservation.

Morphological characteristics suggested to indicate top quality
include the relative number and alignment pattern of nucleolar

precursor bodies at the pronuclear stage (Scott and Smith,
1998; Tesarik and Greco, 1999; Coskun et al., 2003) and stage-
appropriate cell numbers (Gardener et al., 1998; Alikani et al.,
2000; Racowsky et al., 2003) resulting from symmetric cell
divisions on day 2 or 3. Asymmetric cell division is considered
a negative indicator for implantation and pregnancy, and has
been shown to be directly proportional to aneuploidy and
multinucleation. (Munné et al., 1994; Hardarson et al., 2001).
Certain cytoplasmic fragmentation patterns (non-localized,
anucleate fragmentation, for example, Alikani and Cohen,
1995; Antczak and Van Blerkom, 1999; Van Blerkom et al.,

Binucleated and micronucleated blastomeres
in embryos derived from human assisted
reproduction cycles
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Abstract
This prospective sequential, cohort study examined the two most common multinucleation phenotypes observed in the authors’
clinic, binucleated (BN) and micronucleated (MN) blastomeres, and included all intracytoplasmic sperm injection (ICSI)
patients <40 years of age with at least one multinucleated embryo in the cohort as observed on day 2 of development. Eighty
ICSI cycles of 560 consecutive cycles had multinucleated embryos (14.3%). Of the 80 cycles, 770 embryos were derived; 183
(23.8%) were observed to be multinucleated. Blastocyst rates were significantly higher with BN than MN embryos. MN
embryos were more often derived from embryos with poor pronuclear morphology (41/81 = 50.6%). Transferred
mononucleated sibling embryos from the BN group had an ongoing pregnancy rate of 48% (12/25) compared with 15.4% (4/26
from the group with MN embryos (P = 0.03). The implantation rate for sibling embryos from the BN group was higher than
for those from the MN group. Fluorescence in-situ hybridization (FISH) analysis showed that BN embryos had normal
blastomeres significantly more frequently than MN embryos (9/28 (32.1%) versus 1/27 (3.7%), P = 0.016). Time-lapse
photography showed that the nuclei of both morphologies dissolved independently before the next mitotic division and that BN
blastomeres definitely have two distinct nuclei. These observations indicate two diverse morphologies and causal mechanisms.
Time-lapse photography showed that both were subject to independent dissolution of their nuclear membrane suggesting an
asynchrony between the nuclei and a possible interruption in proper nuclear and cell division. Multinucleation should definitely
be looked for during IVF assessment. Excluding these embryos from transfer is prudent practice.

Keywords: binucleate, embryo, FISH, micronucleate, multinucleate, time-lapse
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2001) may be evidence that an embryo is arresting or, in some
cases, it has been proposed that these embryos may have
entered the apoptosis cascade (Jurisicova et al., 1996, 2003).
Highly fragmented embryos are clearly detectable in the
clinical IVF lab. Assessment of the potential impact on embryo
development is associated with measurable degrees and/or
identifiable patterns of fragmentation (Alikani and Cohen,
1995; Van Blerkom et al., 2001). However, when used singly
or in combination, none of these morphological descriptors is
an absolute indicator of embryo competence as demonstrated
by normal outcomes from embryos that have been judged to be
poor quality (Veeck, 1999).

Multinucleation in one or more blastomeres at the earliest
stages of development would seem to be an unambiguous
indicator of incompetence and pending demise because this
defect should be, and generally is associated with errors in
chromosomal replication and segregation. Multinucleation is a
relatively common occurrence in cohorts of oocytes fertilized
in vitro with reported frequencies (per patient cycle) of
between 17% and 74% (Kligman et al., 1996; Van Royen et
al., 2003).

While there is plentiful evidence that multinucleated
blastomeres occur in clinical IVF (Munné and Cohen, 1993;
Kligman et al., 1996; Van Royen et al., 2003), a systematic
study in which temporal and developmental aspects of their
origin and fate are analysed has not been reported. In
particular, the identification of multinucleated blastomeres in
early cleavage stage embryos can be problematic as nuclei in
both mononucleated and multinucleated blastomeres are
transient structures whose detection and characterization
require timed studies. Indeed, it is not always apparent whether
multinucleated cells contain separate nuclear structures or a
single nucleus that undergoes transient changes in shape [Van
Blerkom J (Boulder, Colorado), personal communication].

However if they are indeed always separate entities it is
possible that replication and chromosomal condensation in
separate, closely apposed compartments, could lead to
chromosomal abnormality in the daughter cells if nuclear
breakdown prior to the second cell division results in separated
chromosomal masses attaching to the same mitotic spindle.
While it might seem intuitive that severe genetic disorders in
affected embryos would preclude implantation and further
development, pregnancies with multinucleated embryos have
been reported (Balakier and Cadesky, 1997; Pelinck et al.,
1998).

Different developmental patterns, outcomes and embryo
performance in vitro were noticed between micronucleated
embryos and binucleated embryos. In contrast, Staessen and
Van Steirteghem (1998) found no difference in the
development or genetic constitution of binucleated and
multinucleated embryos, and relevantly, did show that
blastomeres developing from these embryos were not always
abnormal; however, they did not distinguish between
micronucleation and multinucleation.

The present study used time-lapse imaging, as well, to
examine temporal aspects of the genesis and fate of
binucleated (BN) and micronucleated (MN) blastomeres in
cultured human embryos derived by intracytoplasmic sperm

injection (ICSI). Specifically, the following questions were
asked: (i) how do BN and MN embryos compare to each other
in growth and development? (ii) are the chromosomal
complements in BN and MN embryos different from each
other? (iii) what is the fate of multiple nuclei in affected
blastomeres (as compared with their mononucleated
counterparts)? and (iv) does the presence of these
characteristics in a cohort of embryos indicate information
regarding total cohort health and or competence?

The findings demonstrate that the origin of BN embryos may
largely be oocyte dependent, while MN embryos may result
from an inherent biological defect possibly affecting the
remaining cohort of mononucleated embryos as well. The
results are discussed with respect to the chromosomal
normality of BN and MN embryos and results of their sibling
embryos.

Materials and methods

Study design

This was a prospective cohort study including all patients (<40
years old) sequentially attending the authors’ infertility centre
and undergoing ICSI, with a minimum of one multinucleated
embryo in the cohort on day 2 of development.

MN embryos (also referred to as fractured nuclei) were
defined as those with one or two large nuclei (with nucleoli)
surrounded by one or more smaller nuclei at least one half the
diameter of the large one, in one or more blastomeres (Figure
1). ‘Multinucleated’ embryos with same size nuclei were not
considered to be micronucleated. This study did not include
‘multinucleated’ embryos since incidence was low for this
phenotype in our laboratory. Diameters were measured using
OCTAX laser-assisted hatching imaging software (Octax, 1.48
mm diode non-contact laser, Zander Medical, Vero Beach,
USA). BN embryos were defined as those with two nuclei of
relatively the same size in one or more blastomeres (Figure 2).

IVF-ICSI procedure

All patients were down-regulated (using Leuprolide Acetate;
Abbott Pharmaceuticals, Montreal, Canada) using a long
agonist protocol (Meriano et al., 2001). The technique for IVF-
ICSI has been described previously (Greenblatt et al., 1995).
Approximately 18 h after injection, oocytes were assessed for
signs of fertilization (two distinct pronuclei and two polar
bodies) and pronuclear morphology was evaluated based on
characteristics described by Scott and Smith (1998) and Tesarik
and Greco (1999). At 40–42 h and 69–71 h incubation, cleaved
embryos were identified and graded, based upon blastomere
symmetry, degree of fragmentation, and nuclear status.

Patients were divided into three groups for descriptive statistics:
group 1 included patients with at least one BN blastomere in the
embryo cohort (n = 25); group 2 included patients with MN
embryos (n = 26); and group 3 included patients with both
morphologies (n = 29). Multinucleation was easily observed
using high magnification (200–400×) and Hoffman modulation
optics. Photographs were taken if confirmation was required.
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Embryos slated for blastocyst culture were assessed on day 3
and placed into fresh equilibrated Blastocyst medium
(catalogue no. 99292, Irvine Scientific, Santa Ana, CA, USA)
supplemented with 10% (v/v) SSS (Irvine Scientific) and
incubated at 37°C in a 5% CO2, 5% O2, and 90% N2
environment until day 5. Patient consent was obtained for
biopsy of embryos not slated for transfer. Embryos were
biopsied after 3 days’ incubation using an Octax laser (1.48
μm diode non-contact laser, Zander Medical, Vero Beach,
USA) mounted on a Zeiss Axiovert 100 system (Carl Zeiss,
Toronto, Canada) to breach the zona pellucida for removal of
the blastomere. After the biopsy, the embryo was rinsed in two
washes of equilibrated human tubal fluid (HTF)/10%SSS and
placed back into culture.

In the event that consent was withheld, multinucleated
embryos were left in culture with the remaining embryos in the
cohort and observed as usual.

Fluorescence in-situ hybridization (FISH)

After biopsy, blastomere nuclei were fixed and hybridized as
described by Munné et al., 1996.

FISH was performed using Vysis HBYrite with the PGT
Multivision probe set for chromosomes 13, 18, 21, X and Y
labelled with Spectrum labels Red, Aqua, Green, Blue and
Gold respectively (Vysis Inc., Downer’s Grove, IL, USA,
distributed by Intermedico, Markham, Ontario, Canada).
Chromatin was stained with propidium iodide (1:6 v/v with
antifade) for visualization of the nucleus. Normal lymphocyte
metaphase and abnormal metaphase control slides were run
concurrently with patient samples.

Following hybridization, slides were either read immediately
or held at –20°C until the next day. Slides were read on a Zeiss
fluorescent microscope (Axioplan 2, Carl Zeiss) equipped with
appropriate filters. Images were captured using a digital

camera utilizing Carl Zeiss Axiovision 3.0 software. Results
were reported as normal, aneuploid (one more or less
chromosome than normal), or polyploid.

Time-lapse photography

BN and MN embryos allotted for time-lapse photography were
placed in a warm (37°C) drop of HEPES-buffered
HTF/10%SSS on a culture dish lid overlaid with sterile
mineral oil. Since the multinucleation has already taken place
at observation, the use of HEPES-buffered media was not seen
as an external variable to the formation of this anomaly. The
dissolution of this anomaly was seen to happen with greater
frequency in HEPES-buffered media than PBS, or non-HEPES
buffered media (unpublished evaluation of time-lapse method,
J Meriano). The use of HEPES was not thought to be
detrimental for this study since the certificate of analysis from
the manufacturer ensured 80% mouse blastocyst formation
and hatching in the HEPES-buffered media.

The dish was placed onto the heated stage of an inverted
microscope (Zeiss Axiovert 100 with Hoffman modulated
optics) equipped with a digital camera attached to a frame
grabber in a computer. A holding pipette on the left
manipulator held the embryo steady during filming, and the
embryo was positioned touching the bottom of the dish to
optimize focus and viewing of the BN or MN nuclei. The time
between frame acquisitions was set to 2.5 min (this interval
was predetermined after filming tri-pronuclear oocytes). Total
filming took place over a 12–18-hour period, and throughout,
the microscope was covered to maintain the temperature of the
media at 37°C and to minimize vibrations from the airflow
system. The heated stage was adjusted to 39°C for the
maintenance of a temperature of 37°C as checked by infrared
thermometer (Extech instruments, model 42525, Waltham
MA, USA), biweekly. Frames were subsequently reviewed
independently and as a video. Since the nuclei roll and move
within the cytoplasm and nucleoli roll and move within nuclei,

Figure 1. Micronucleated blastomere image. Lower
micronucleus is 11 μm in diameter and the top is 24 μm in
diameter. Note that only one nucleolar precursor in the bottom
nucleus is visible. 

Figure 2. Binucleation image. Image of binucleated embryo
shows orientation of the nuclei in each blastomere. Note that
there is a clear division between two nuclei in both blastomeres.
Nuclei in the bottom blastomere are 19 μm and 20 μm in
diameter. Those in top blastomere are 15 μm  and 22 μm.
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over a period of time, it was necessary to review each frame
individually to calculate the time of nuclear dissolution.

Statistical analysis

Data were collected regarding patient age, number of days of
stimulation, day of human chorionic gonadotrophin (HCG)
administration, fertilization rate, maturation rate and clinical
pregnancy rate (defined as the visualization by ultrasound of a
fetal heart at 7 weeks’ gestation). Day 3 cleavage rate was
defined as all embryos that developed to at least six cells 70 h
post-insemination.

All analyses were performed using Sigma Stat (SPSS Inc.,
Chicago, IL, USA). Student’s t test, chi-squared and z tests
were performed as appropriate and significance was set at 
P < 0.05. Confidence intervals (95% CI) and standard error
(SE) are included where required; all means are reported as
mean ± standard error of mean (SEM).

Results

Frequency of multinucleated embryos

Of 560 patient cycles, 80 had at least one embryo in their
cohort with multinucleation (14.3%). Seven-hundred and
seventy embryos were derived from the 80 cycles, and a total
of 183 embryos were multinucleated (23.8%) in this study
group. BN blastomeres were more common than MN
blastomeres (102/183 = 55.7% versus 81/183 = 44.3%
respectively).

Comparison of patient groups (Table 1)

There was no significant difference between the three groups
with regard to age, mean day of HCG administration,
fertilization rate, maturation rate, or mean number of days of
stimulation. Group 1 (BN phenotype in at least one embryo per
cohort) had a significantly lower number of oocytes retrieved
than either group 2 (MN phenotype in at least one embryo per
cohort) or group 3 (both BN and MN phenotypes in the
embryo cohort). No significant differences were seen in the
day 3 cleavage rates.

Blastocyst development was significantly better in BN
embryos as compared with MN embryos (39/102, 38.2%
versus 7/81, 8.6%, P = 0.001). There was no significant
difference between sibling mononucleated blastocyst
development compared with BN blastocyst development
[147/356, 41.3% vs 39/102, 38.2%, not significant (NS)]
(Table 2).

Micronucleated embryos were more frequently derived from
embryos with poor pronuclear morphology (56.76%), than
were BN embryos (7.7%). Those embryos derived from
zygotes with pronuclei of different sizes and/or nucleolar
precursor amounts that were different between the two nuclei
(P = 0.001, 95% CI = 0.227–0.539) (Table 3).

No multinucleated embryos were transferred to patients in this
study. The implantation rate in group 1 was higher than in
group 2 (P = 0.038, 95% CI 0.02–0.276) although the clinical
pregnancy rates from transferred sibling mononucleated

embryos were not statistically different between the three
groups; group 1 did, however, show a trend towards a higher
rate than group 2. There was a trend toward an increased
spontaneous pregnancy loss rate in group 2, but the sample
sizes were too small for the results to reach statistical
significance. There was however, a significant increase in the
ongoing pregnancy rate (pregnancies that progressed beyond
the first trimester) in group 1 compared with group 2 (48%
versus 15.4%, P = 0.031, 95% CI 0.064–0.575) (Table 1).

FISH analysis

Seventeen patients consented to embryo biopsy. A total of 69
blastomeres from 23 embryos were analysed by FISH and 55
biopsied blastomeres (79.7%) yielded results, 28 from BN
embryos and 27 from MN embryos. FISH analysis was not
effective for 14 out of 69 blastomeres, either due to signal
clumping, no signal, or no nucleus retained on the slide. An
observed BN or MN embryo was allowed to divide to day 3
before biopsy. Blastomeres at this time were all observed to be
mononucleated. Table 4 shows the distribution data for
blastomeres from each morphological characteristic studied.
There was evidence of aneuploidy, polyploidy and sex
chromosome monosomy (XO) among the different
blastomeres. Twenty-six of 27 blastomeres from MN embryos
(96.3%) were chromosomally abnormal compared with 19/28
blastomeres from BN embryos (68.0%) (P = 0.01, 95% CI
0.0773–0.487). Therefore, BN-derived blastomeres were
significantly more frequently normal than MN-derived
blastomeres (P = 0.016, 9/28 = 32.1%).

Time-lapse photography

Five BN and six MN blastomeres were viewed by time-lapse
photography. Of the BN blastomeres, four showed
independent dissolution of their nuclear membranes; three
showed cleavage as well. Time elapsed from dissolution of the
first nucleus to dissolution of the second ranged from 15 min
(for a 3-cell embryo) to 32.5 and 102 min (for 2 × 4-cell
embryos respectively). Figures 3 and 4 denote micronucleated
embryos during time-lapse imaging. The first image in Figure
3 shows five micronuclei in the optical left blastomere at the
beginning of imaging, and the bottom image shows the nuclei
disappearing near end of imaging. Figure 4 is a composite of
time-lapse images of the same embryo as in Figure 3 showing
the various stages of dissolution of the nuclei from start to
finish, where the first three dissolve independently and the last
two dissolve seemingly simultaneously.

Six MN embryos were filmed, and four showed dissolution of
the nuclei; two also showed cleavage. Time elapsed for the
complete dissolution of all MN ranged from 21 to 49 min;
large nuclei tended to dissolve before the smaller ones.

Time-lapse photography clearly showed nuclei from both BN
and MN embryos dissolving separately, and there was a trend
indicating that MN nuclei tended to dissolve faster that BN
nuclei, although too few were photographed to determine
whether this difference was statistically significant. More data
will be added to this aspect of the study.
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Table 1. Descriptive data for three groups (mean ± SEM).

Parameter Group 1 Group 2 Group 3    P-value
binucleated micronucleated binucleated and 

mononucleated

Patients (n) 25 26 29
Mean age (years) 34.8 ± 0.88 34.1 ± 0.78 35.1 ± 0.62 NS
Mean oestradiol  8882 ± 1270 10136 ± 1096 8244 ± 597.6 NS

(pmol/l) on
day of HCG

Mean day of HCG 11.3 ± 0.3 11.0 ± 0.27 11.4 ± 0.25 NS
administration

Mean oocytes 14.07 ± 1.15 18.2 ± 1.13a 18.1 ± 1.99a 0.015a

retrieved
Mean no. of 11.4 ± 0.67 13.2 ± 0.97 13.9 ± 1.52 NS

metaphase II
Mean maturation 86.9 ± 2.4 74.6 ± 3.7 81.7 ± 2.7 NS

rate (%)
Fertilization 75.5 ± 4.2 71.1 ± 3.79 80.3 ± 1.91 NS

rate (%)
Cleavage at 64.9 ± 5 75.5 ± 4.7 62.5 ± 4.8 NS

72 h (%)
Mean no. of days 10.3 ± 0.4 10.3 ± 0.4 10.5 ± 0.26 NS

of stimulation
Pregnancy rate of   13/25 (52.0) 7/26 (26.9) 13/29 (44.8) NS

mononucleated
sibling embryos

n (%)
Spontaneous  1/13 (7.7) 3/7 (42.9) 4/13 (30.8) NS

pregnancy loss
rate n (%)

Implantation 17/68 (25.0) 7/69 (10.1)a 15/81 (18.5) 0.038
rates n (%)

Mean no. of 2.43 ± 0.14 2.88 ± 0.16 2.79 ± 0.19 NS
embryos transferred

Ongoing pregnancy   12/25 (48.0) 4/26 (15.4)a 9/29 (31.0)% 0.031a

rates mononucleated
sibling embryos
n (%)

aStatistically different from group 1; NS = no statistical difference (t-test and z-test, Sigma Stat Statistical software – Jandel
Scientific).

Table 2. Comparative blastocyst development rates between morphological phenotypes.

Binucleated Micronucleated Mononucleated
n (%) n (%) n (%)

Blastocyst rate 39/102 (38.2)a 7/81 (8.6)a,b 147/356 (41.3)b

a,bValues with the same superscript letter were significantly different (P = 0.001). 



516

Article - Micronucleated blastomeres in embryos from assisted reproduction - J Meriano et al.

Table 3. Pronuclear morphology and multinucleate phenotypes.

Pronuclear score Micronucleated, Binucleated, P-value
n (%) n (%)

N1 15/81 (18.5) 53/102 (52.0) 0.001
N3 20/81 (25.0) 41/102 (40.2)
Good morphology, 35/81 (43.2) 94/102 (92.2) 0.001
N1 and N3
N4 30/81 (37.0) 8/102 (7.8) 0.001
N5 3/81 (3.7) 0
N6 7/81 (8.6) 0
N8 1/81 (1.2) 0
Combination of negative 41/81 (50.6) 8/102 (7.8) 0.001a

indicator pronuclear
morphology, N4–N8

az-test with Yates correction applied, SEM = 0.0667, 95% CI 0.277–0.539 (Sigma stat software, 
Jandel Scientific, San Rafael, CA, USA).

Table 4. Distribution of results for blastomeres with FISH signal.

Phenotype Aneuploid n Polyploid n Normal n (Sex) XO
(%) (%) (%) n (%)

Blastomeres from 18/27 (66.7) 4/27 (14.8) 1/27 (3.7)a 4/27 (14.8)
micronucleated embryos

Blastomeres from 16/28 (57.1) 3/28 (10.7) 9/28 (32.1)a 0
binucleated embryos

aZ-test, power α = 0.005, 0.692; values are significantly different (P = 0.016).

Figure 3. (a) First picture of series in Figure 4 clearly showing five micronuclei in the left blastomere and (b) the second to last
picture in the series showing the two remaining nuclei dissolving together but after the first three have dissolved independently.

a b
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Figure 4. Micronuclei time-lapse, each frame 2.5 min. Five micronuclei in the left blastomere: rotation of nuclei made it difficult
to observe, however through repetitive observations frame per frame one could visualize the independent dissolution of the nuclei.
The smaller nuclei dissolved first and larger ones last. The top nucleus dissolved first and the bottom two, together. A total time
of 47 minutes elapsed from start to finish.

1 2 3

4 5 6

7 8 9

10 11
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Discussion
The incidence of multinucleation in patient embryos derived
from assisted reproductive techniques, ranges from 17–74%
(Kligman et al, 1996; Van Royen et al, 2003). The finding of
23.7% of embryos with multinucleation in the present study
cohort is within that range. However, only 14.3% of the
patients had multinucleated embryos which is much lower than
the frequencies reported by Van Royen et al (2003) and
Jackson et al (1998) (79.4% and 74% respectively). A number
of factors may account for this difference: multinucleation was
noted on day 2 compared with day 2 and 3 for Van Royen, and
also timing of the observation may be crucial, as not all
embryos develop at the same relative rate. As well, the fact that
fertilization timing and the timing of observations differs from
clinic to clinic may also be a factor.

Embryos with multinucleated blastomeres have been shown to
be associated with abnormal events in IVF culture that may
affect embryo development. Severe hypoxia of the developing
follicle during stimulation is associated with MNB in that,
greater than 90% of MNB, were derived from oocytes whose
follicular environment was severely hypoxic during in-vivo
maturation (Van Blerkom et al., 1997). Secondly, an
association was shown between vascular endothelial growth
factor (VEGF) and intrafollicular oxygen levels and between
the competence of the corresponding oocytes and the embryos
derived from oocytes resulting from hypoxic follicles. Jackson
et al., (1998) found a correlation between MNB embryos and
rate of aggressiveness of ovarian stimulation, suggesting that
follicle growth may be too rapid for proper vascularization (in
some patients) resulting in impaired oxygenation of the
oocyte, in some cases. Secondly, the stimulation of many
oocytes may in some patients yield a high diversity of quality
and competence of oocytes. Since it has been shown that up to
25% of oocytes in a cohort may be abnormal (Zenzes and
Casper, 1992) at the outset (oocyte retrieval), it is possible that
the more aggressive the stimulation protocol, the more
heterogeneous the population of follicles stimulated and the
higher the possibility of recovering abnormally developing
oocytes.

Mononucleated, sibling embryos where multinucleation was
present in the cohort have also been described to have reduced
developmental potential (Jackson et al., 1998). Although
implantation rates of normal sibling embryos were similar to
control embryos, the chance of spontaneous abortion was
markedly increased. This suggests the possibility that the
cohort may have an underlying pathology for which
multinucleation may be one of the most evident phenotypes.
The present study observed this finding for cohorts containing
micronucleated embryos, but it was not observed in the BN
group.

In-vitro maturation of cumulus-denuded oocytes affects
normal cytokinesis. Nogueira et al., (2000) matured denuded
prophase I oocytes to metaphase II in vitro for ICSI and found
that the level of nucleation after normal fertilization in
resulting embryos was as follows: 30% binucleated, 43%
multinucleated, and 56% were anucleate. Arrested cleavage at
24 h post-fertilization was also more prominent in the embryos
derived from the in vitro-matured oocytes, suggesting that the
development is indeed affected. Key modifications of the

cytoplasm and nucleus are paramount to the maintenance of
viable oocytes, during maturation in vivo or in vitro.
Interruptions or interference of such intracellular restructuring
(i.e. microtubular formation, mitochondrial relocation) may
affect development of the future embryo (Albertini et al.,
2003). In a similar study, (Balakier et al., 2004) metaphase I
oocytes were matured in vitro for ICSI (also denuded) to
metaphase II and then injected with sperm at different time
intervals after first polar body extrusion. Although fertilization
rates increased with time before injection after polar body
extrusion, the overall observed multinucleation rate in
resulting embryos was found to be 23% ranging from 36%
with 1–1.5 h wait to ICSI after first polar body extrusion, to
17% in the 2–2.5-h group. These percentages differed
significantly from the control group where multinucleation
was only 13% per embryo.

These two studies suggest that if nuclear maturity and
cytoplasmic remodelling are not complete before fertilization,
it is likely that an embryo’s developmental ability is decreased.
Nuclear maturity or remodelling performed in vivo in the
follicle involves imprinting of maternal alleles (Albertini et al.,
2003), an important step in the natural preparation of the
oocyte for fertilization, as well as the structural and molecular
remodelling of the cytoplasm in preparation for the energy
requirements and physical changes involved in the resumption
of meiosis, fertilization and embryo development and
cleavage. Multinucleation may be a result of an abnormal
event causing spindle complex malfunction and/or division
abnormalities.

The blastocyst rate for embryos with BN was higher than for
those embryos with MN, and similar to the rates observed with
mononucleated embryos. The mononucleated sibling embryos
in the BN group (group 1), had implantation rates and ongoing
pregnancy rates that were significantly higher than for MN
sibling embryos (group 2). Group 3, with embryos of both
phenotypes, exhibited rates ‘in-between’ groups 1 and 2,
indicating a possible underlying defect of MN embryos that
may have been present in all or most embryos in the cohort,
even those that appeared normal. In contrast, sibling embryos
in the cohorts with BN embryos appeared unaffected,
suggesting that binucleation is an independent variable
restricted to that particular oocyte or embryo, whereas
micronucleation may be indicative of overall cohort health.
Previous reports have noted that multinucleated embryos most
often derive from embryos with poor pronuclear morphology
(Tesarik et al, 1987; Balaban et al, 2001), but they did not
differentiate between BN and MN embryos.

Mechanisms of multinucleation include fragmentation of the
nucleus (Pickering et al., 1995) and flawed migration of
chromosomes at anaphase of the first mitotic division.
Considering the fragility of the meiotic spindle of the
metaphase II oocyte, it has been shown in animal and human
studies that the spindle is temperature sensitive and the
microtubules will depolymerize when stressed with negative
temperature changes (Pickering et al, 1990, Boiso et al.,
2002.,), causing stray chromosomes, chromosomal scattering
and eventually chromosomally abnormal embryos.
Mechanisms that cause multinucleation may also be initiated
by external variation in temperature, pH or inadequate culture
media conditions (Munné and Cohen, 1993; Winston et al.,
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1993; Pickering et al., 1990, 1995). Developmental
abnormality in the oocyte, spermatozoon or resulting embryo
may also affect embryo capacity and may be related to MNB,
no matter what the cause given the variety of situations in
which MNB occur. The literature describing multinucleation
in embryos is extensive; however no definitive reason for
formation has ever been described. The level of abnormality
and apparent multifactor causes is generally accepted. Others
include inherent abnormalities like karyokinesis without
cytokinesis, a mechanism suggested by Pickering et al (1995)
that indicates a possible fault in the oocyte spindle or division
of the developing embryo. Intracellular restructuring,
remodelling, and imprinting are of paramount importance to
the developing oocyte and eventual embryo, and any
interruptions of these delicate processes may cause errors in
division resulting in abnormal embryos with the potential to
express multinucleate phenotypes.

FISH analysis provided additional support for the concept that
BN embryos have fewer chromosomal abnormalities than MN
embryos. From the limited data obtained by time-lapse
photography, it was observed that nuclei do break down
independently, confirming that each set of chromosomal
material will be distinct and attached to separate mitotic
spindles, resulting in the continuous development of abnormal
daughter cells if there are pre-existing chromosomal
abnormalities. Staessen and Van Steirteghem (1998) noted that
the chromosomal complement was not always abnormal in
multinucleated embryos. This group distinguished
multinucleated embryos from binucleated and found that
30.4% were uniformly diploid, similar to the percentage of
normal embryo found in the present study for the binucleated
embryos (32% normal) but not the micronucleated ones.
Evsikov and Verlinsky (2001) proposed that at a certain
threshold of aneuploidy, embryos may initiate the apoptosis
cascade; others may continue to develop through compaction
and zygotic genomic activation. The former may be the case
with MN embryos, whereas the latter may apply to BN
embryos. Given that BN embryos can contain normal
blastomeres, it is not unreasonable to assume that some may
continue to develop, and this would explain the very limited
potential of BN embryos to result in pregnancy (Balakier and
Cadesky, 1997; Pelinck et al., 1998).

The small sample sizes of the groups in the present study
limited the statistical significance of some of the conclusions,
particularly regarding the detrimental effect of MN embryos
on their transferred sibling embryos and the resultant increased
incidence of pregnancy loss. However, other measures of
difference between BN and MN embryos and their
corresponding sibling embryos (implantation and ongoing
pregnancy rates, for example Table 1) did attain statistical
significance despite the sample sizes.

Although performed time-lapse photography was performed
on only a few embryos, it was clear that all nuclei dissolved
independently. Future studies will allow determination of
whether the observed trend of MN nuclei dissolving faster than
BN nuclei is significant, and whether the speed of dissolution
has an impact on the possible ploidy of the resulting embryo.
The methodology of the time-lapse portion also needs to be
refined.

It has been shown that multinucleation in embryos derived
from ICSI-IVF is easily observed and that it is a good
indication of the health and developmental potential of the
remainder of the embryo cohort. Differences were also found
between BN and MN phenotypes: BN embryos are similar to
mononucleated embryos with regard to blastocyst
development, and there are higher rates of ongoing pregnancy
and lower rates of spontaneous pregnancy loss in BN sibling
embryos than in MN sibling embryos. It was confirmed that if
MN embryos are present, the remainder of the cohort is
negatively affected (and repair is unlikely) whereas the
presence of BN embryos has no impact on their siblings. Poor
pronuclear morphology was more often associated with MN
blastomeres that BN blastomeres and FISH analysis clearly
demonstrated that BN blastomeres were more likely to have a
normal chromosomal complement, based on the results
obtained in this study with five probes. There are clearly two
diverse morphologies with distinct causal mechanisms that are
under investigation.

In conclusion, observation of multinucleation should be part of
all routine embryo assessments in conjunction with other non-
invasive morphological inspections including determination of
fragmentation, blastomere symmetry, pronuclear and oocyte
grading, blastocyst culture, and energy consumption of cells,
in order to optimize embryo selection. Exclusion of
multinucleated embryos from transfer remains prudent
practice. The presence of certain morphologies, in this case
micronucleation, may indicate the health of the entire cohort as
well.

Acknowledgements

The authors gratefully acknowledge the solid technical support
of the embryology staff at the LifeQuest Centre for
Reproductive Medicine. We would also like to extend our deep
gratitude to Professor Jonathan Van Blerkom for his review of
the manuscript.

References

Albertini DF, Sanfins A, Combelles C 2003 Origins and
manifestations of oocyte maturation competencies. Reproductive
BioMedicine Online 6, 410–415.

Alikani M, Calderone G, Tomkin G et al 2000 Cleavage anomalies
in early human embryos and survival after prolonged culture in
vitro Human Reproduction 15, 2634–2643.

Alikani M, Cohen J 1995 Patterns of cell fragmentation in the human
embryo. Journal of Assisted Reproduction and Genetics 12, 285.

Antczak M, Van Blerkom J 1999 Temporal and spatial aspects of
fragmentation in early human embryos: possible effects on
developmental competence and association with the differential
elimination of regulatory proteins from polarized domains.
Human Reproduction 14, 429–447.

Balaban B, Bulent U, Isiklar A et al 2001 The effect of pronuclear
morphology on embryo quality parameters and blastocyst transfer
outcome. Human Reproduction 16, 2357–2361.

Balakier H, Cadesky K 1997 The frequency and developmental
capability of human embryo containing multinucleated
blastomeres. Human Reproduction 12, 800–804.

Balakier H, Sojecki A, Motamedi G, Librach C 2004 Time-
dependant capability of human oocytes for activation and
pronuclear formation during MII arrest. Human Reproduction 19,
982–987.

Boiso I, Merce M, Santalo J et al. 2002 A confocal microscopy
analysis of the spindle and chromosome configurations of human



520

Article - Micronucleated blastomeres in embryos from assisted reproduction - J Meriano et al.

oocytes cryopreserved at the germinal vesicle and metaphase II
stage. Human Reproduction 17, 1885–1891.

Coskun S, Hellani A, Jaroudi K et al 2003 Nucleolar precursors body
distribution in pronuclei is correlated to chromosomal
abnormalities in embryos. Reproductive BioMedicine Online 7,
86–90.

Evsikov S, Verlinsky Y 1998 Mosaicism in the inner cell mass of
human blastocysts. Human Reproduction 13, 3151–3155.

Gardener,D, Schoolcraft W, Waglet L et al 1998 A prospective
randomized trial of blastocyst culture and transfer in in-vitro
fertilization. Human Reproduction 13, 3434–3440.

Greenblatt E, Meriano J, Casper RF 1995 Type of stimulation
protocol affects oocyte maturity, fertilization rate and cleavage
rate after intracytoplasmic sperm injection. Fertility and Sterility
3, 557–563.

Hardarson T, Hanson C, Sjorgren A et al 2001. Human embryos with
unevenly sized blastomeres have lower pregnancy and
implantation rates: Indications for aneuploidy and
multinucleation. Human Reproduction 16, 313–318.

Jackson KV, Ginsburg E, Hornstein M et al 1998 Multinucleation in
normally fertilized embryos is associated with an accelerated
ovulation induction response and lower implantation and
pregnancy rates in in-vitro fertilization-embryo transfer cycles.
Fertility and Sterility 70, 60–66.

Jurisicova A, Varmuza S, Casper RF 1996 Programmed cell death
and human embryo fragmentation. Molecular Human
Reproduction 6, 801–809.

Jurisicova A, Antenos M, Varmuza S et al 2003 Expression of
apoptosis-related genes during human preimplantation embryo
development: potential roles for the Harakari gene product and
Caspase-3 in blastomere fragmentation. Molecular Human
Reproduction 9, 133–141.

Kligman I, Benadiva C, Alikani M, Munné S 1996 The presence of
multinucleated blastomeres in human embryos is correlated with
chromosomal abnormalities. Human Reproduction 11,
1492–1498.

Meriano J, Alexis J, Visram-Zaver S et al 2001 Tracking of oocyte
dysmorphisms for ICSI patients may prove relevant to the
outcome in subsequent patient cycles. Human Reproduction 10,
2118–2123.

Munné S, Cohen J 1993 Unsuitability of multinucleated human
blastomeres for implantation genetic diagnosis. Human
Reproduction 8, 1120–1125.

Munné S, Alikani M, Cohen J 1994 Monospermic polyploidy and
atypical embryo morphology. Human Reproduction 9, 506–510.

Munné S, Dailey T, Finkelstein M, Weir HU 1996 Reduction in
signal overlap results in increased FISH effieciency: implications
for PGD. Journal of Assisted Reproduction and Genetics 13,
149–156.

Nogueira D, Staessen C, Van de Velde H, Van Steirteghem A 2000
Nuclear status and cytogenetics of embryos derived from in vitro-
matured oocytes. Fertility and Sterility 74, 295–298.

Pelinck MJ, De Vos M, Dekens M et al 1998 Embryos cultured in
vitro with multinucleated blastomeres have poor implantation
potential in human in-vitro fertilization and intracytoplasmic
sperm injection. Human Reproduction 13, 960–963.

Pickering SJ, Braude PR, Johnson MH et al. 1990 Transient cooling
to room temperature can cause irreversible disruption of the
meiotic spindle in the human oocyte. Fertility and Sterility 54,
102–108.

Pickering SJ, Taylor A, Johnson MH, Braude PR 1995 An analysis of
multinucleated blastomere formation in human embryos. Human
Reproduction 10, 1912–1922.

Racowski K, Combelles C, Nureddin A et al. 2003 Day 3 and day 5
morphological predictors of embryo viability. Reproductive
BioMedicine Online 6, 323–331.

Scott LA, Smith S 1998 The successful use of pronuclear embryo
transfers the day following oocyte retrieval. Human Reproduction
13, 1003–1013.

Staessen, C, Van Steirteghem A 1998 The genetic constitution of
multinuclear blastomeres and their derivative daughter

blastomeres. Human Reproduction 13, 1625–1631.
Tesarik J, Greco E 1999 The probability of abnormal preimplantation

development can be predicted by single static observation on
pronuclear stage morphology. Human Reproduction 14,
1318–1323.

Tesarik J, Kopecny V, Plachot M, Mandelbaum J 1987
Ultrastructural and autoradiographic observations on
multinucleated blastomeres of human cleaving embryos obtained
by in-vitro fertilization. Human Reproduction 2, 127–136.

Van Blerkom J, Antczak M, Schrader R 1997 The developmental
potential of the human oocyte is related to the dissolved oxygen
content of follicular fluid: association with vascular endothelial
growth factor levels and perifollicular blood flow characteristics.
Human Reproduction 12, 1047–1055.

Van Blerkom J, Davis P, Alexander S 2001 A Microscopic and
biochemical study of fragmentation phenotypes in stage-
appropriate human embryos. Human Reproduction 16, 719–729

Van Royen E, Mangelschots K Vercruyssen M et al. 2003
Multinucleation in cleavage stage embryos. Human Reproduction
18, 1062–1069.

Veeck L 1999 An Atlas of Human Gametes and Conceptuses.
Parthenon Publishing Group, NY, London, pp. 156–157.

Winston NJ, Johnson MH, Braude PR 1993 Assessment of the
cellular DNA content of whole mounted mouse and human
oocytes and of blastomeres containing single or multiple nuclei.
Zygote 1, 17–25.

Zenzes MT, Casper RF 1992 Cytogenetics of human oocytes,
zygotes, and embryo after in vitro fertilization. Human Genetics
88, 367–375.

Paper based on contributions presented in part at the
Canadian Fertility and Andrology Society 2002 meeting in
Victoria., British Columbia., Canada and at the Alpha
conference in Antwerp, Belgium in September 2003

Received 15 July 2004; refereed 13 August 2004; accepted 1
September 2004



APPENDIX 11- Jurisicova A, Lopes S, Meriano J, Oppedisano L, Casper RF, Varmuza S DNA 
damage in round spermatids of mice with a targeted disruption of the Pp1cy gene and in 
testicular biopsies of patients with non-obstructive azoospermia. Molecular Human Reproduction 
1999, Vol 5 No. 4 pp 323-330. 

Contribution by Meriano J, 

Experimental Design, partial experimentation, including oocyte retrieval, sperm preparation for 
TUNEL, sperm assessment and washing for slide preparation and ICSI, oocyte denuding, 
maturation assessment, fertilization and embryo assessments, and intracytoplasmic micro 
testicular sperm extraction and spermatid injections. Performed ICSI on testicular sperm. 
Embryo transfers and embryo cryopreservation. Data collection and analysis, partial manuscript 
writing and revision. 

Citation Metrix 

Scopus  73 

Google scholar 80 

125 



Molecular Human Reproduction vol.5 no.4 pp. 323–330, 1999

DNA damage in round spermatids of mice with a targeted
disruption of the Pp1cγ gene and in testicular biopsies of patients
with non-obstructive azoospermia

Andrea Jurisicova1,2, Stephanie Lopes2,3, James Meriano3, Leandra Oppedisano1,
Robert F.Casper2,3 and Susannah Varmuza1,4

Department of Zoology, University of Toronto, 25 Harbord Street, RWRL 615, M5S 3G5 Toronto, Ontario, 2Division of
Reproductive Sciences, Department of Obstetrics and Gynecology, University of Toronto, and 3The Toronto Center for
Advanced Reproductive Technology, Toronto, Canada

4To whom correspondence should be addressed

Non-obstructive azoospermia accounts for a considerable proportion of male factor infertility. Current

therapies for treatment of this kind of infertility include procedures such as intracytoplasmic sperm injection

(ICSI), round spermatid injection (ROSI), round spermatid nucleus injection (ROSNI) and elongated spermatid

injection (ELSI). All involve injection of haploid germ cells retrieved from testicular biopsies into recipient

oocytes. We have investigated a mouse model of azoospermia for quality of haploid germ cell genomes,

based on 4,6-diamidino-2-phenylindole (DAPI)/TdT-mediated dUTP nick-end labelling (TUNEL) labelling. The

mouse model, a targeted mutation in the protein phosphatase 1cg gene, results in severe depletion of haploid

germ cells from the round spermatid stage on. Mice homozygous for the mutation are completely infertile,

and produce only the occasional spermatozoon. Spermatozoa and round spermatids retrieved from either

the epididymides or the testes of mutant mice displayed very high rates of DNA fragmentation. In contrast,

similar cells retrieved from heterozygous or wild-type littermates displayed low levels of DNA fragmentation.

In some cases, the high rates of DNA fragmentation in mutant cells could be lowered by inclusion of

antioxidants in the retrieval media. High rates of DNA fragmentation were also observed in round spermatids

retrieved from testicular biospies of human patients with non-obstructive azoospermia. These results suggest

that one of the features of the pathology associated with azoospermia is fragmented DNA in haploid germ

cells. This raises questions about the suitability of using these cells for fertility treatment.

Key words: apoptosis/antioxidants/azoospermia/DNA damage/targetted mutation

Introduction

Intracytoplasmic sperm injection (ICSI) has achieved tremend-
ous success in the treatment of male factor infertility over the
past several years. However, for azoospermic men, results
were less favourable, due to the absence of mature spermatozoa
in the ejaculate. Therefore, a modified version of ICSI was
developed in which either the isolated nuclei (ROSNI) or
whole round spermatids (ROSI) as well as elongated spermatids
(ELSI) obtained from ejaculate or from testicular biopsy
samples, were injected directly into the oocyte (for details, see
Tesarik and Mendoza, 1996). Even though pregnancies and
live births were achieved in a few reports with ejaculated
round spermatids (Tesariket al., 1995) and testicular elongated
spermatids (Fishelet al., 1995; Vanderzwalmenet al., 1995),
implantation rates especially after ROSI (Vanderzwalmenet al.,
1997) or ROSNI (Yamanakaet al., 1997) with testicular round
spermatids were extremely low. The use of spermatids in
humans has met with considerable debate regarding their
suitability (Butler, 1995) since these techniques have not
been extensively tested in appropriate animal models. Many
investigators suggest that this procedure should be further
evaluated in animal models with a similar spectrum of testicular
abnormalities in order to observe possible deleterious effects
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on offspring as well as differences between round or elongated
spermatids and mature spermatozoa.

In the mouse, fusion of oocytes and round spermatids
obtained from the testes of fertile males proved successful in
generating embryos, a few of which were able to develop to
term (Oguraet al., 1994; Kimura and Yanagimachi, 1995).
Interestingly, fertilization rates and numbers of live offspring
obtained with round spermatids were considerably lower in
comparison with experiments performed with testicular
spermatozoa. Similarly, ROSNI in rabbits resulted in full-
term embryo development (Sofikitiset al., 1994). In humans
however, all ROSNI pregnancies reported to date have termin-
ated by spontaneous abortion (Hannay, 1995). In humans,
procedures such as ROSNI, ROSI, and ELSI are used for
patients with spermatogenic arrest, and therefore the results
are not comparable to the animal studies in which normal
fertile males were used. Thus, the differences in pregnancy
and live birth rates between animal models and human samples
may reflect abnormalities caused by disturbed spermatogenesis.
This hypothesis is further supported by the recent findings of
Vanderzwalmenet al. (1997) and Ameret al. (1997) who
reported an inverse correlation between ROSI fertilization and
pregnancy rates, and severity of spermatogenesis failure.

Recently, we have demonstrated that spermatozoa DNA
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fragmentation occurs more frequently in samples with poor
quality spermatozoa such as samples used for ICSI (Lopes
et al., 1998a). Similar observations were made by Hughes
et al. (1996) when poor quality spermatozoa removed from
the seminal fluid were exposed to oxidative agents. Further-
more, DNA sperm fragmentation is negatively correlated with
fertilization rates after ICSI. From these findings, we speculate
that round spermatids from azoospermic males may also
demonstrate increased susceptibility to DNA damage due to
their spermatogenic arrest status. Spermatogenic arrest, which
may result in abnormal DNA packaging, may contribute to
the failure to fertilize or support full term embryo development.
This hypothesis is currently being explored in humans by
Tesariket al. (1998).

Several genetically manipulated mouse models of male
infertility have been described in the literature during the past
5 years (for review, see Elliott and Cooke, 1997). We have
recently disrupted the murine protein phosphatase 1cg (Pp1g)
gene (Varmuzaet al., 1999). This gene encodes the catalytic
subunit of type1 serine/threonine protein phosphatase. Alternat-
ive splicing of the Pp1cg RNA generates a testis-specific
isoform, Pp1cg 2, whose protein product is abundantly
expressed in spermatocytes and spermatids (Shimaet al., 1993;
Chun et al., 1994). The only obvious phenotype in mice
homozygous for the mutant allele ofPp1cg is male sterility
due to a failure in spermiogenesis beginning at the round
spermatid stage. The defect is accompanied by a 10-fold
increase in the rate of cell death of germ cells in various stages
of spermiogenesis (Varmuzaet al., 1999).

A fundamental question arises from the studies described
above, and that is whether the elevated rate of DNA fragmenta-
tion observed in infertile men reflects the procedures used to
retrieve gametes from these patients, or the underlying patho-
logy leading to infertility. In order to address this question in
a controlled experiment, we made use of the infertilePp1cg
mutant mice and their wild-type and heterozygous littermates.
We investigated the rate of DNA fragmentation in both
epididymal and testicular spermatozoa and spermatids in the
three types of mice, and found that the underlying pathology,
and not the retrieval procedure, is responsible for most of the
DNA fragmentation in both spermatozoa and spermatids in
infertile males. In addition, we assessed the effectiveness of
antioxidant additions to the retrieval media on reducing DNA
fragmentation, and found that some but not all of the fragmenta-
tion in testicular biopsy material could be reduced by antiox-
idants.

Materials and methods

Epididymal biopsies

Genotyping of mice bearing a targeted mutation of thePp1cggene
is described elsewhere (Varmuzaet al., 1999). Sexually mature
male progeny (n 5 83) aged 8–25 weeks were killed and caudae
epididymides were excised into 1 ml of modified T6 medium (125 mM
NaCl, 2.6 mM KCl, 0.5 mM MgCl2, 0.4 mM NaH2PO4, 5.5 mM
glucose, 23 mM Na lactate, 25 mM NaHCO3, 0.171 mM CaCl2,
0.2% BSA). Using dissection needles, cells stored in the cauda were
forced out into the medium. Cell number and motility was determined
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in a small aliquot from each sample using a haemocytometer. Standard
haemocytes are constructed such that the coverslip is raised above
the slide by exactly 0.1 mm. One half volume aliquots of samples
from wild-type (1/1; n 5 15) and heterozygous (1/–; n 5 42)
males, and all of the sample from mutant (–/–;n 5 25) males were
centrifuged and fixed in 4% paraformaldehyde in phosphate-buffered
saline (PBS) and subsequently stored at 4°C for up to 2 weeks. A
small aliquot of some samples from different genotypes (n 5 54)
was used for morphological analysis after smearing cells on slides
and processing them using the Papanicolau stain procedure. The time
elapsed between collection and fixation of samples was ~30 min. The
remaining aliquots were allowed to capacitate for an additional period
of 1 h in a 37°C humidified incubator supplemented with 5% CO2,
and were subsequently fixed and stored in fixative at 4°C for up to
2 weeks. All samples from1/1 and 1/– males were analysed for
DNA integrity by TdT-mediated dUTP nick-end labelling (TUNEL)
using fluorescence activated cell sorting (FACS), and all samples
from –/– males were processed through TUNEL on slides as described
below. FACS is a highly quantitative and reliable method of analysing
homogeneous cell populations such as epididymal spermatozoa, in
which the population size is adequately large (e.g. 10 000 cells per
sample). It is not suitable for mixed populations of cells such a
testicular biopsies, and could not be used for epididymal samples
from Pp1cg–/– males as these contained few spermatozoa.

In a separate experimental series, spermatozoa were isolated from
the epididymides of mature male mice (14–18 weeks). The cauda of
the left epididymis was removed and placed in 1 ml of human tubal
fluid (HTF) medium (Irvine Scientific, CA, USA) supplemented with
0.5% human serum albumin (HSA, Irvine Scientific), 10 mM reduced
glutathione (Sigma, St Louis, MO, USA) and 10µM hypotaurine
(Sigma) (Lopeset al, 1998b). The right epididymis was removed and
placed in 1 ml of HTF medium supplemented with 0.5% HSA. Using
dissection needles, the contents of the epididymides were forced out
into the medium. The released spermatozoa were fixed with 4%
paraformaldehyde and cell suspensions were spread on slides and
allowed to air dry. Numbers of mice used in this study were:1/1
epididymides,n 5 6; 1/1 testes,n 5 7; 1/– epididymides,n 5 6;
1/– testes,n 5 7; –/– epididymides and testes,n 5 9.

Testicular biopsies

After removal of the tunica, one testis was placed in 1 ml of HTF
supplemented with 0.5% HSA, 10 mM reduced glutathione and
10 mM hypotaurine. The other testis was placed in 1 ml of HTF
supplemented with 0.5% HSA. The seminiferous tubules were dis-
sected using 21-gauge needles and cells were released into the
medium using forceps. Cell suspensions were centrifuged, medium
was removed, and cell pellets were overlaid with paraformaldehyde.
At this point samples were stored at 4°C for up to 2 weeks. Prior to
performing TUNEL, cells were smeared on a slide and allowed to
air dry.

Human testicular biopsies

A total of 11 samples were collected from seven patients undergoing
testicular biopsy at a tertiary care fertility clinic. Written consent for
use of the remaining sample for research was obtained from patients
according to guidelines established for research on human subjects
by the University of Toronto.

Seminiferous tubules were biopsied from the testes and were
dissected using 21 gauge needles in mHTF supplemented with 0.5%
HSA (Irvine Scientific) The tubules were dissected longitudinally and
‘squeezed’ with sterile microscope slides and sterile fire polished
Pasteur pipettes until the medium was flocculent with cells. A small
aliquot of this suspension was placed onto a microscope slide and
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assessed under phase contrast for the presence of testicular spermato-
zoa or round spermatids, in cases where very few spermatozoa were
found. If testicular spermatozoa were found, these were assessed
for concentration, motility and morphology using World Health
Organization criteria (WHO, 1992). If only round cells were present,
a differential stain was used (testsimplet; Meditech, Montreal, Quebec,
Canada) to confirm the presence of round spermatids. Spermatids
were identified by a high nuclear to cytoplasm ratio, an acrosomal
granule, which appears clear on phase contrast, and cell size relatively
equal to or smaller than red blood cells present in the sample. Larger
spermatogenic cells were also identified, such as Sertoli cells with a
prominent nucleolus, and spermatocytes. Sertoli cell complexes were
also identified.

The mixture of tissue and medium was drawn up into a Pasteur
pipette and transferred into a polystyrene Falcon conical centrifuge
test tube and vortexed. If the specimen contained spermatozoa, a
percoll gradient (45–90%; 400g for 30 min) was used at this point
to remove larger cells before injection. The samples containing
primarily spermatids were centrifuged at 400g for 5 min prior to
isolation for injection. Of this mixture, ~2–3µl was placed into
several 5µl droplets of mHTF/0.5% HSA under oil in the ICSI dish
for preisolation. Spermatids were isolated from Sertoli cell complexes
using a large bevelled needle with no spike (15µm to prevent
clogging of needle in very flocculent media). The spermatids were
gently removed from these complexes and visually confirmed inde-
pendently, first with Hoffman optics and then using phase contrast.
Under Hoffman optics the criteria used was previously described
(Tesarik and Mendoza, 1996) – picnotic clear looking eccentric
nucleus with a darker acrosomal granule. Size was measured relative
to nearby red blood cells to distinguish round spermatids from other
(larger) cells such as Sertoli cells and the occasional spermatocyte.
The smallest cells with a visible granule were teased from the cell
mass and stored in medium until injection. Freestanding spermatids
were rarely used for injection. Preisolated spermatids were then
picked up using a smaller injection needle (6µm), and moved to a
droplet of 10% plyvinylpyrrolidone (PVP)/mHTF/0.5% HSA. Only
spermatids that became more pliable at this step were used. The
spermatids were then injected into metaphase II oocytes with one
modification: when the spermatid was deposited into the cytoplasm
it was re-aspirated with a small amount of cytoplasm to allow
envelopment of the spermatid with cytoplasm. It is thought that this
may help to activate the oocyte, although this is not yet certain.

Remaining tissue was cryopreserved using sperm maintenance
media (Irvine Scientific) and concentrated sample (2:1). A small
piece was also fixed with paraformaldehyde and spread onto slides
as described above. The average number of oocytes injected per
patient was 11.2; cleavage rates were 70% and the damage rate was
11% per injected oocyte.

TUNEL assay

DNA fragmentation in the germ cells was measured using a modifica-
tion of the TUNEL method. The experiments with DNA fragmentation
in mature spermatozoa obtained from1/1 and1/– murine epididym-
ides were performed as described in Sunet al. (1997) and 10 000
spermatozoa were sorted by FACS analysis. All assays of round
spermatids were performed on cells mounted to slides as described
in Jurisicovaet al (1996). Briefly, cells were permeabilized with
Triton X-100, and a buffer containing TdT enzyme (Pharmacia) and
biotinylated dUTP (Sigma) was added to the slide and allowed to
incubate at 37°C for 60 min. Following the TdT reaction, slides were
washed, and detection of incorporated biotinylated nucleotides was
performed with streptavidin/Texas Red conjugate (Calbiochem–Nova-
biochem Corporation, La Jolla, CA, USA). The samples were washed
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and counter-stained with 4,6-diamidino-2-phenylindole (DAPI). Using
a fluorescent microscope, spermatozoa or round spermatids stained
with DAPI were first manually counted under UV light. Red fluores-
cence labelling was detected using a 640 nm filter on the same field.
The number of spermatozoa/round spermatids demonstrating red
fluorescence was expressed as a percent of total spermatozoa/round
spermatids in the field to give an average (6 SEM) DNA fragmentation
rate. This assessment was performed on 5–10 fields depending on
the concentration of cells per sample, covering ~100–200 cells per
sample per mouse. For human samples, the entire sample spread on
the slide was analysed and all round spermatids were counted. Care
was taken to include only mature spermatozoa (if found), elongated
or round spermatids in the quantitative analysis, and to exclude
other cell types, based on the morphology of nuclear staining and
morphology of the cells under light microscopy. DAPI staining of
round spermatids reveals distinct round nuclei with pale chromatin,
partially condensed in the periphery and brightly stained single
nucleoli.

Statistical analysis

The Wilcoxon Signed Rank Test or the Mann–Whitney Rank Sum
Test were used to determine if a statistically significant difference
existed between each group tested using the SigmaStat statistical
package (Version 1.0; Jandell Scientific, CA, USA).P , 0.05 was
considered to be significant.

Results

Analysis of the cell population obtained from cauda
epididymis in mice with a targeted disruption of the
Pp1cg gene

We have previously established that both wild-type (1/1) and
heterozygous (1/–) males in ourPp1cg mutant colony are
fertile and are able to sire normal offspring (Varmuzaet al.,
1999). Sperm samples obtained from their epididymides
showed no significant difference either in sperm count, motility
or morphology. However, homozygous mutant males (–/–) are
sterile, and display spermatogenic arrest. Their epididymides
contained few cells and these were mainly arrested round
spermatids (73% of all cells retrieved). A few mutant males
possessed the occasional elongating or condensing spermatids
(6%), and non-motile spermatozoa with normal (9%) or
abnormal (12%) morphology (Table I).

Analysis of DNA integrity of freshly harvested sperm
samples from both1/1 and1/– males showed low levels of
DNA fragmentation (Table I). These levels doubled after
capacitation, but there was no significant difference between
the two genotypes as measured by a Wilcoxon signed rank
test. In contrast, –/– males displayed a high proportion
(40.6 6 4.06%) of round spermatids with fragmented DNA,
indicating an increased rate of DNA damage in these cell
types. Of the small number of spermatozoa observed in a
second set of mice, a similar high proportion (34.36 9.9%)
displayed evidence of DNA fragmentation that is significantly
different from the level of fragmentation in wild-type epididy-
mal spermatozoa (P , 0.05) (Table II).

Effect of antioxidants on sperm DNA fragmentation

In the section above, we observed an increased rate of
epididymal sperm DNA fragmentation following capacitation.
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Table I. Characterization of epididymal sperm parameters inPp1cgnormal and knockout animals

Genotype 1/1 (n 5 15) 1/– (n 5 42) –/– (n 5 25)

Concentration/epididymisa 6.08 6 0.56 3 106 6.4 6 0.79 3 106 0.9 6 0.12 3 106

Motility (%) 38.4 6 4.4 35.66 2.04 occasional
Normal sperm morphology (%) 73.86 5.11 716 3.4 9.16 3.6b

DNA fragmentation fresh (%) 5.046 1.54c 4.6 6 1.8d 40.6 6 4.06
DNA fragmentation capacitated (%) 136 4c 8.3 6 2.3d –
Cell type found spermatozoa spermatozoa round spermatid

aAll germ cell types.
bPercentage of all germ cells.
cDifferences are statistically significant (P 5 0.03).
dDifferences are statistically significant (P , 0.001).

Table II. Effect of genotype and antioxidants on the rates of sperm and round spermatid DNA fragmentation

Genotype 1/1 1/– –/–

Treatment HTF HTF1AO HTF HTF1AO HTF HTF1AO

Epididymal 1.16 0.5a 0.97 6 0.6 1.66 0.5 1.16 0.3 34.36 9.9a 17.8 6 9.4
spermatozoa (%) n 5 6 n 5 6 n 5 9
Epididymal none none none none 39.86 4.1 42.76 9.8
round spermatids (%) n 5 9
Testicular 4.16 0.7b 2.5 6 1.7 4.26 2 2.1 6 1.1 28.76 8.1b,c 11.4 6 3.1c

spermatozoa (%) n 5 7 n 5 7 n 5 9
Testicular 3.96 1.5b 0.3 6 0.3 5.46 3.8 1.16 1.1 27.46 6.8b,c 11.9 6 3.8c

round spermatids n 5 7 n 5 7 n 5 9

HTF 5 human tubal fluid; AO5 antioxidants.
Differences between samples with similar symbols are statistically significant;aP , 0.05,bP , 0.01,cP 5 0.02. All other pair-wise comparisons were not
statistically significant.
Differences between genotypes were assessed by Mann–Whitney Rank Sum test.
Differences between media (6 antioxidants) were assessed by Wilcoxon Rank Sum test.

To assess the effect of thePp1cgmutation on DNA fragmenta-
tion in mice, we examined epididymal and testicular spermato-
zoa that had been retrieved under similar conditions to those
performed in humans, with the exception that a vortexing step
was omitted. In addition, we tested the effect of antioxidants
on DNA fragmentation in these samples, since we have
previously shown inhibition of DNA fragmentation by taurine
and glutathione in ejaculated spermatozoa exposed to reactive
oxygen species (Lopeset al., 1998b). The rates of DNA
fragmentation in epididymal spermatozoa collected under these
conditions from1/1 and 1/– males were comparable and
low (Table II). Supplementation of medium with antioxidants
had no significant positive effect on epididymal sperm DNA
fragmentation in either1/1 males or 1/- males. Of the
few epididymal spermatozoa found in –/– mice, antioxidants
similarly had no significant effect on DNA fragmentation,
although this observation may be confounded by the small
sample size.

The spermatozoa obtained from testes exhibited slightly
higher rates of DNA damage than epidydimal spermatozoa,
since an average 4.16 0.7% in 1/1 males and 4.26 2.0%
in 1/– males labelled positive for TUNEL. Antioxidants did
not significantly alter the frequency of testicular spermatozoa
DNA fragmentation as measured by a Wilcoxon Signed Rank
test. The apparent trend towards positive antioxidant effect was
not statistically significant. However, the elevated incidence of
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DNA fragmentation in testicular spermatozoa obtained from
mutant males was statistically different from that of wild-type
males (P , 0.01). In addition, treatment of mutant testicular
spermatozoa with antioxidants was effective at reducing the
rate of DNA fragmentation by ~50% (P 5 0.02; Table II).

DNA fragmentation in round spermatids from

Pp1cg –/– testes and effect of antioxidants

In our initial experiments, it was unclear whether the high rate
of DNA fragmentation in round spermatids isolated from
mutant epididymides was a consequence of the mutation, or
of the isolation procedure, since normal1/1 and 1/– males
did not shed round spermatids into the epididymis. In order
to determine whether round spermatids from mutant males
are more susceptible to DNA fragmentation, we compared
spermatids recovered from biopsies of mutant, wild-type or
heterozygous testes. It should be pointed out that the mouse
testicular biopsies were not vortexed during preparation, as
was the case for the human samples used for ICSI. Round
spermatids from normal males displayed a low rate of DNA
fragmentation in contrast to round spermatids obtained from
testes of mutant males. This suggests that round spermatids
from mutant males with a defect in spermiogenesis have a
predisposition to DNA fragmentation.

While epididymal spermatids displayed a very high rate of
DNA fragmentation after retrieval (Figure 1), the incidence of

D
ow

nloaded from
 https://academ

ic.oup.com
/m

olehr/article-abstract/5/4/323/1141038 by guest on 16 O
ctober 2018



DNA damage in round spermatids

Figure 1. DNA fragmentation in round spermatids released from
epididymis of P1cg –/– male. (A) Round spermatids were identified
by their distinctive 4,6-diamidino-2-phenylindole (DAPI) staining
pattern. (B) Only those cells that displayed this pattern were
counted as positive or negative for TdT-mediated dUTP nick-end
labelling (TUNEL) labelling. Several positively labelled cells are
highlighted by arrows in both panels. Scale bar5 50 µm.

TUNEL positive round spermatids in embedded epididymal
sections was low (data not shown). Similarly, while testicular
sections revealed an elevated level of DNA fragmentation in
several cell types in mutant testes (Figure 2), the rate of DNA
fragmentation in cells retrieved from mutant testes was much
higher (Table II). This suggested that at least a portion of the
DNA fragmentation was a consequence of the culture condi-
tions under which the epididymal or testicular cells were
recovered. We therefore tested the efficacy of antioxidants as
a protective agent against DNA fragmentation of testicular
round spermatids. Inclusion of antioxidants had little effect on
the rate of DNA fragmentation in testicular round spermatids
from wild-type or heterozygous males. However, round sperm-
atids from mutant males displayed significantly reduced levels
of DNA fragmentation (P 5 0.02) when antioxidants were
included in the culture media (Table II).

DNA fragmentation in round spermatids in patients

with non-obstructive azoospermia

A total of 11 testicular biopsy samples obtained from seven
patients with non-obstructive azoospermia undergoing the
ICSI/ELSI/ROSI procedure were analysed using DAPI/
TUNEL. We concentrated on assessing the DNA integrity of
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Figure 2. DNA fragmentation in sections ofPp1cg–/– testes.
(A) 4,6-diamidino-2-phenylindole (DAPI) staining reveals the
organization of the seminiferous tubule. (B) TdT-mediated dUTP
nick-end labelling (TUNEL) positive cells are scattered throughout
the tubule, and not confined to any one compartment. (C) A higher
magnification view of a testis section stained with DAPI highlights
the distinctive nuclear morphology of round spermatids
(arrowheads), which is different from that of Sertoli cells (arrows).
This morphology was used to identify isolated round spermatids
from testicular and epididymal biopsies, as illustrated in Figure 1.
(A, B) scale bars5 100 µm; (C) scale bar5 50 µm.

round spermatids even if a few maturing spermatozoa were
found. The observed mean level of DNA fragmentation in
round spermatids was 56.36 2.7% with a range of 18–78%.
Our sample size is too small to do any proper statistical
analysis, but there was no obvious connection between the
presence of mature spermatozoa and the rate of DNA frag-
mentation in round spermatids. All of the results are summar-
ized in Table III. Interestingly, the patient that had the lowest
rates of round spermatid DNA fragmentation (18%) and no
mature spermatozoa, was the only one who sired an embryo
that upon transfer resulted in a clinical pregnancy. Unfortu-
nately this pregnancy ended by spontaneous miscarriage during
the first trimester.

Discussion

There are several known causes of spermatogenic arrest in
humans including undescended testes, Kleinfelter’s syndrome,
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Table III. Result of round spermatid DNA fragmentation in human testicular samples and fertilization rates after testicular sperm extraction (TESE)

Patient Retrieval Presence of Percentage DNA fragmentation Procedure Fertility Clinical
no. method spermatozoa normal morphology in round spermatids rate (%) pregnancy

1 TESE Y 5 78 ICSI/ELSI 38 N
2/1 TESE Y 14 53 ICSI 66 N
2/2 c-TESE Y 11 37 ICSI 33 N
2/3 c-TESE Y 16 44 ICSI/ROSI 72 N
3 TESE N – 75 ROSI 40 N
4/1 TESE Y 11 77 ICSI 42 N
4/2 c-TESE Y 14 75 ICSI/ROSI 69 N
5 TESE Y 10 67 ICSI 44 N
6 TESE N – 18 ROSI 33 Y
7/1 TESE Y 21 37 ICSI 40 N
7/2 c-TESE Y 22 75 ICSI 55 N

c 5 cryopreserved sample; Y5 yes; N5 no; ICSI 5 intracytoplasmic sperm injection; ELSI5 elongated spermatid injection; ROSI5 round spermatid
injection.

and microdeletions of the Y chromosome (Chandley and
Cooke, 1994). These represent only a subset of the diagnosed
cases of non-obstructive azoospermia; the rest are due to
unknown causes. Considerably more genetic data in the mouse
indicates that a wide range of mutations may affect male
fertility without compromising either female fertility or general
viability (Elliot and Cooke, 1997). These mutations, many of
them targetedin vitro, e.g. thePp1cgmutation discussed here,
should provide a good pool of candidate defects in human
male factor infertility.

In this study we attempted to mimic the clinical procedures,
with respect to germ cell source and media, in a murine model
of non-obstructive azoospermia, thePp1cgtargeted mutation.
We observed that both epididymal and testicular spermatozoa
from mutant, but not from normal, males exhibit a high rate
of DNA fragmentation. In addition, round spermatids recovered
from the testes of mutant mice and azoospermic patients
displayed high rates of DNA fragmentation, while similar cells
from normal mice did not. Our data nicely complement those
reported recently by Tesariket al. (1998), who reported similar
rates of round spermatid DNA fragmentation in patients
with incomplete spermiogenesis arrest. These findings clearly
implicate spermiogenic failure as a strong correlate with
fragmented DNA in germ cells from azoospermic males.

During spermiogenesis, histones in the round spermatid
stage are replaced by protamines in the elongated spermatid
(Balhorn, 1982). This transition allows for sperm chromatin
to be packaged into a condensed volume thereby making
mature sperm DNA highly resistant to physical or chemical
denaturation. Our previous analysis ofPp1cg–/– testes sug-
gested that round spermatids fail to undergo the normal process
of histone/protamine exchange, since we observed that DNA
of mutant elongated spermatids found in seminiferous tubules
remain associated with histones, and crude protein extracts
from mutant testes were severely depleted of protamines
(Varmuza et al., 1999). Similarly, samples obtained from
human patients with spermiogenic arrest show lack of histone/
protamine exchange (Silvestroniet al., 1976). DNA packaging
anomalies involving histone/protamine exchange may result
in problems with chromatin remodelling, abnormal DNA
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methylation, and increased sensitivity of DNA to damage
(Bianchi et al., 1993).

Many different genetic defects could result in similar pheno-
types. For example, the CREM targeted mutation, which results
in failure to express several spermatogenic genes including
protamines and transitions proteins (Blendyet al., 1996; Nantel
et al., 1996), produces a similar spectrum of histological
defects to thePp1cg mutation, suggesting that both genes
operate in the same cytodifferentiation pathway. Thus, defects
in many different genes could result in azoospermia in which
round spermatids have fragile DNA.

At present, the reason for sperm DNA fragmentation is
unclear. Several groups, including ours, proposed that the
presence of endogenous nicks in ejaculated human spermatozoa
may be due to apoptosis as observed in somatic cells (Gorczyka
et al., 1993; Sunet al., 1997). In this context, apoptosis may
lead to functional elimination of possibly defective gametes
from the genetic pool. It was reported that testicular biopsies
obtained from patients with maturation arrest and hypospermi-
ogenesis contained higher levels of apoptotic cells than samples
of patients with normal spermiogenesis (Limet al., 1997).

In our study, comparable rates of DNA fragmentation were
observed in azoospermic human patients and mice homozygous
for the mutant Pp1cg allele. Phenotypic analysis of this
mutation revealed that haploid spermatids, particularly elongat-
ing and condensing spermatids, are depleted, retain histones
beyond the normal stage for their removal, and express lower
levels of some transition proteins and protamines (Varmuza
et al., 1997). These observations suggest that the chromatin
in mutant spermatids is not properly remodelled, and may
therefore be more fragile.

Although programmed cell death may explain some of the
DNA fragmentation seen in mutant round spermatids, our
results indicate that a significant proportion of DNA damage
might also be due to the in-vitro preparation process. A lengthy
period of time is passed in the laboratory between the isolation
of spermatids from testicular tissue to the time of injection.
During this time, both mature spermatozoa and spermatids were
reported to generate reactive oxygen species (de Lamirande and
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DNA damage in round spermatids

Gagnon, 1993; Fisher and Aitken, 1997) which are one of the
possible triggers of DNA damage.

Antioxidant supplementation had been proposed in other
studies to improve sperm quality (Bakeret al., 1996) and
inhibit DNA fragmentation induced by X-rays (Hugheset al.,
1998). Moreover, testes contain high levels of glutathione,
which may protect cells within the seminiferous epithelium
against any kind of damage by reactive oxygen species (ROS)
(Agrawal and Vahna-Perttulla, 1988). Thus, the inclusion of
glutathione in culture medium during testicular biopsy may
mimic a more natural environment for germ cells. Pretreatment
of spermatozoa with free radical scavengers has been shown
to protect sperm DNA from damage by ROS produced during
the sperm preparation process (Lopeset al., 1998b). Our
findings indicate that mutant round spermatids are much more
susceptible to oxidative stress than similar cells from normal
males, as revealed by the ability of antioxidants to reduce
DNA fragmentation of mutant, but not normal, spermatids.
Therefore, while it may be beneficial to supplement the medium
used for isolation and preparation of human testicular samples
for ICSI, ELSI or ROSNI with antioxidants, the long-term
consequences of using abnormal spermatids on fetal develop-
ment have not been evaluated.

Extensive documentation of the use of ICSI with testicular
spermatozoa from azoospermic males has revealed that fertil-
ization rates are slightly reduced in cases involving partial
germ cell aplasia or maturation arrest, but embryo development
and implantation are comparable with ICSI using ejaculated
spermatozoa (for review, see Elliott and Cooke, 1997). The
data are less well documented for ROSI, however, and the
success in achieving pregnancy and term delivery appears to
be dramatically reduced, in comparison with ICSI. As almost
nothing is known about the ability of immature spermatids to
support full term embryonic development, this technique should
be viewed as experimental. Use of appropriate animal models
of non-obstructive azoospermia, such as thePp1cgmutation
may provide us with tools to address these issues.
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Abstract 

 

Hypothesis: Embryos with different multinucleation patterns exhibit different outcomes on 
PGT-A by NGS. 
Objective: Determine association of three multinucleation phenotypes with embryo parameters, 
euploidy, and pregnancy rate.  
Introduction: Multinucleation has been shown to be detrimental in IVF cycles. Some suggest 
that these embryos correct themselves and are safe to transfer with no restriction. However, 
others report they implant half as often as mononucleated embryos and have a higher rate of 
miscarriage. We observed three phenotypes, binucleated, multinucleated phenotype, and micro-
nucleated. 
Design: Retrospective sequential cohort trial where all multinucleated embryos were 
characterized during assessments and grown to blastocyst along with mononucleated sibling 
embryos.   
Materials and Methods: Private health care facility trial.  ICSI performed on all oocytes. 
Nucleation noted on Day 2. Embryos grown to day 5/6, biopsied for PGT-A.  Blastocysts were 
vitrified, and biopsied cells were sent for testing. Frozen embryo transfer performed using 
standard protocols in our clinic.  
Results: One hundred and forty patients with at least one multinucleated embryo from Jan 2017 
to Jul 2018 were included in the study. Euploidy rates of all multinucleated phenotypes were 
significantly lower than mononucleated embryo rates. Blastocyst rates were lower for 
binucleated and micronucleated embryos compared to mononucleated embryos.  Micronucleated 
embryo ongoing pregnancy rate was 17.3%, significantly lower than mononucleated embryos.  
However, the pregnancy rate with transfer of BN and MN embryos was not significantly 
different from mononucleated embryos. 
Conclusion: Compared to mononucleated embryos, binucleated embryos are half as likely to be 
euploid and multinucleated and micronucleated embryos are euploid 14% and 9% of the time, 
respectively.  
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Introduction 

The main priority of the IVF embryology lab is the safe and proper handling and culture of gametes and 

inseminated embryos.  The identification and selection of a top quality embryo for cryopreservation and 

embryo transfer rests on the characterization of these embryos through visual clues and now through 

morphometric parameters. Single embryo transfer has become routine practice, making the culture and 

selection of the embryo paramount, so that the patient has an optimal chance of pregnancy in a quick time 

frame.    

Embryo assessment in the embryology laboratory consists of description of the morphology of the embryo, 

as it develops, based on cell number (Veeck 1988), cellular fragmentation, (Alikani et al 2000, Jurisicova  

et al 1996), blastomere symmetry (Munne et al 1993, 1994; Hardarson et al 2001) pronuclear morphology 

(Scott and Smith 1998), cell compaction and cell nucleation. (Rienzi et al 2005, Tesarik and Greco 1999, 

Vanroyen et al 2003). All of these features have been shown to affect (negatively or positively) embryo 

quality and ultimately the outcome of that embryo in the IVF cycle. Most parameters refer to the potential 

of the embryo to grow into a top-quality blastocyst, cause a pregnancy and in some, the probability to be 

euploid in their chromosomal number. Delayed blastocyst development has been described to be an 

indicator of aneuploidy (Desai et al 2016) and indeed day 6 blastocysts that were cavitating morulae on day 

5 have been shown to have a lower pregnancy rate (Haas et al 2018) than day 5 blastocysts.  In the past, 

these morphological features were assessed at “snap shots” of time along the 6 days of culture. Now, with 

time lapse incubators it is easier to document the whole development of the embryo, allowing visualization 

of any morphometric feature at any time.  

Embryo multinucleation has been shown repeatedly to be detrimental in IVF cycles that include 

such embryos. Mononucleated blastomeres are considered the norm and any blastomere that has more than 

one nucleus is considered abnormal, intuitively, given the phenotypic presence of extra genetic material or 

mis-compartmentalized genetic material. Multinucleation in human IVF embryos has been described with 

some frequency since the early 1990’s. (Munne and Cohen 1993; Kligman et al 1996). Some groups 

(Balakier et al 2016, Aguilar et al 2016) have suggested that these embryos may correct themselves and are 



safe to transfer with no restriction. Self-correction implies the elimination of abnormal cells or replacement 

of abnormal cells by normal cells as the embryo grows. (Scott et al 2010). Aguilar et al., showed that in 

their data group, multinucleation was phenotypically reversed in 73% of the embryos, meaning that 

multinucleated blastomeres (2 cell) would divide into mononucleated 4 cell embryos.  However, Balakier et 

al (2016) showed that “nuclear correction” to mononucleated blastomeres after mitotic cleavage still 

happened in both euploid and aneuploid embryos and should not be utilized as a gauge of chromosomal 

ploidy. Tesarik et al (1987) introduced radio-labeled thymidine into the DNA of multinucleated embryos 

and showed that some of the DNA can be eliminated from the nucleus and not replicated into the daughter 

nuclei suggesting that even though division to a mononucleated blastomere is observed the ploidy of that 

blastomere cannot be guaranteed to be normal.   Others have reported that multinucleated embryos implant 

half as often as mononucleated embryos (Desai et al 2016, Desch et al 2017, Ergin et al 2014), and when 

they do implant, have a higher rate of miscarriage. We have previously reported that embryo cohorts with 

micronucleated embryos are affected negatively in pregnancy outcome even though mononucleated 

embryos are replaced in the embryo transfer. However, it was also found that binucleated embryos are 

independent of the rest of the cohort so that when a mononucleated embryo is transferred from a cohort 

with a binucleated embryos, the pregnancy rate is not affected by the presence of this embryo phenotype 

(Meriano et al 2004). The Alpha Scientists’ consensus workshop publication (2011) recommends 

transferring embryos with multinucleation only if all other embryos have been transferred, and a patient 

should be counselled on risks, due to reports of lower implantation and higher miscarriage rates.  

Recent and earlier reports have grouped all multinucleation together (Balakier et al 2016, Aquiler et al 

2016, VanRoyen et al 2003). We have observed three separate phenotypes of multinucleated embryos; 

binucleated (two nuclei in one or more blastomeres) (BN), multinucleated phenotype (multiple nuclei of 

similar size) (MN) and micronucleated or fragmented nuclei (multiple small  nuclei) (FN). We suggest that 

three phenotypes possibly indicate more than one underlying factor for the morphological characteristic of 

multinucleation. Bi-nucleation and multinucleation have been suggested to be the result of “karyokinesis 

without cytokinesis” (VanRoyen et al 2003). However micronucleation could be due to chromosomal 



scattering and subsequent nucleation of disorganized chromosomes causing this phenotype. Consequent 

continuation of mitosis under this circumstance could lead to disorganized chromosome segregation leading 

to aneuploid embryos (Meriano et al 2004). In the present study, we wished to compare these three groups 

of multinucleation in IVF patients who had at least one multinucleated embryo in their cohort.  We included 

all multinucleated embryos in the biopsy and PGT-A for analysis with next generation sequencing (NGS).  

Design: Retrospective sequential cohort analysis (Jan 2017-July 2018) of all multinucleated embryos that 

were characterized during embryo assessments and allowed to grow to blastocyst and designated for 

preimplantation genetics testing for aneuploidy (PGT-A).  Blastocysts were biopsied and vitrified along 

with mononucleated sibling embryos.  The cells were sent for NGS to an external, private genetics lab. 

The genetics lab was blinded to the nucleation of the tested embryos. Subsequent frozen embryo transfer 

of euploid embryos followed. Multinucleated embryos were separated into three groups upon data 

analysis. Binucleated embryos (BN) were those with two nuclei of relatively same size in one or more 

blastomeres on day two of development. Micronucleated embryos (FN) had more than two nuclei per 

blastomere. The nuclei were generally displayed as one larger nucleus and one or more smaller nuclei, 

also referred to as fractured nuclei. Multinucleated phenotype embryos (MN) were those embryos with 

more than two nuclei in the blastomere of relatively the same size. Statistical package used was Sigma 

plot 12.5 (SPSS Inc Chicago IL, USA). Tests used were Chi-squared, z-test and students t-test as 

appropriate.  This study has been approved by Veritas IRB (study number 16304-17). 

Materials and Methods. 

Controlled ovarian Stimulation 

One hundred and twenty patients were stimulated using a standard flexible start antagonist protocol using 

recombinant FSH and LH administration. The antagonist was started when one or more follicles was 

measured to be 1.2 cm in diameter or if estradiol serum concentrations were greater than 1000 pmol/L.  



Twenty patients were down regulated with GnRH agonist in a long luteal phase protocol and stimulated 

using recombinant FSH and LH. In both protocols, patients called in their day one of cycle and 

gonadotropin stimulation was started on cycle day 3 if ultrasound showed no abnormalities and serum 

estradiol concentration was less than 200 pmol/L and serum progesterone concentration was lower than 6 

nmol/L. Cycle monitoring with transvaginal ultrasound and blood sampling for serum estradiol, FSH and 

progesterone was repeated on cycle day 7 and then at intervals thereafter as determined by the attending 

physician. The final stage of follicular maturation was triggered using 10,000 IU of hCG or by dual 

trigger using hCG and GnRH agonist injections simultaneously. Oocyte retrieval was performed by 

transvaginal ultrasound needle guided follicle aspiration under intravenous sedation and vaginal injection 

of local anesthetic 36 hours after the hCG trigger. 

IVF/ICSI, culture procedure and biopsy procedure 

IVF with ICSI was performed as previously described (Meriano et al 2001). ICSI was completed in 

mHTF/10% (v/v) LGPS (LIFE Global Canada) under sterile mineral oil. All ICSI for PGT-A patients was 

performed using the Oosight system for visualizing the spindle. The spindle was considered normally 

placed if within 26.5 degrees of the polar body (Raju et al 2007).  If the spindle was obstructing ICSI, the 

oocyte was rotated using the spindle for orientation at 6 or 12 o’clock. Patient embryos were cultured in 

the embryoscope time-lapse system and annotated for morphometric parameters daily. All embryos were 

biopsied by one of five senior embryologists all having a minimum of 15 yrs. experience in biopsies (day 

3 and day 5). Culture conditions were 37 Degrees C under 5.5% CO2 5.0% O2. Culture Media used was 

Global media (Life Global Canada) supplemented with 10% (v/v) LGPS, overlaid with sterile gassed 

mineral oil. Blastocyst was biopsied on day 5, if embryo was graded > 2CC (Fig 2.), if not the embryo 

was allowed to grow over night. Day 6 cutoff for biopsy and cryopreservation was 3BB.  Embryos were 

biopsied using the Octax laser system. Embryos were pre-hatched on day 3 of culture to facilitate 

trophectoderm herniation and biopsy on day 5. For biopsy, the blastocyst was placed into a micro-drop of 



warmed mHTF/10% LGPS (v/v) overlaid with warmed gassed mineral oil. PVP (8.5% v/v in mHTF/10% 

LGPS) was used in aspiration pipette for control and to reduce sticking of cells.  The embryo was held 

with a holding pipette (at the inner cell mass) while the biopsy pipette gently aspirated approximately 4-6 

cells from the trophectoderm. The laser was used to loosen tight junctions between cells and a minimal 

quantity of laser shots was used. Once the embryo was biopsied, it was placed back into culture until it 

was vitrified within the next 1-2 hours. The trophectoderm cells were placed into buffer solution provided 

by the genetics lab. Vitrification was performed using Irvine vitrification solutions (15% Ethylene glycol/ 

15% DMSO/ 20% HSA V/V) with HSV straws. Blastocysts were vitrified one per straw according to 

embryo biopsy so that embryo number and genetic results were always reconciled. Genetics results were 

received approximately 1 week after biopsy.  Frozen embryo transfer of a single euploid embryo was 

planned by patient and clinic. 

Embryo assessment  

Embryos were assessed on day 1 (18hrs) for fertilization (presence of 2 pronuclei and 2 polar bodies) and 

on day 2 for cleavage and multinucleation assessment. This is the only time embryos were assessed for 

multinucleation. Embryos were assessed on day 3 for continued cleavage and on day 5 and 6 for 

blastocyst development. Embryos were not assessed on day 4. The Gardner system of blastocyst 

developmental grading was used. (Gardner et al 1998).  

Results:  One hundred and forty PGT-A patients between Jan 2017 and July 2018 had at least one 

multinucleated embryo in the cohort. The mean age of the patients in this study was 36.8±3.8 (±1SD). 

The mean E2 on day of trigger was 9295.15±446.5 (±SEM) pmol/l and the mean day of trigger was 11.6 

±0.16 (±SEM) days. Six hundred and seventy eight blastocysts were biopsied, 223 of these were 

multinucleated. Fourteen had mixed phenotypes and were not included in analysis. Table 1 shows patient 

diagnoses and number of cycle attempts in the study group. Table 2 shows overall embryology parameters 

of the group. The total number of blastocysts generated in this group was 678 (53% of 2PN). There were 

23 embryos that had no result generated from NGS (3.4%), 27 embryos of patients who opted out of 

PGT-A at last minute and 14 embryos that had mixed phenotypes of multinucleation that were excluded 



from study analysis. A total of 614 blastocysts were biopsied and had a PGT-A result. The total 

percentage of multinucleated was 36.3% (223/614). Binucleated (BN) embryos comprised 17.1% 

(105/614), micronucleated (FN) embryos 9.6% (59/614), multinucleated (MN) phenotype embryos 9.6% 

(59/614) and mononucleated embryos 63.6% (391/614).  The cycle parameters of three cohorts that 

exhibited each of BN, FN, and MN are displayed in table 3. The PGT-A results are listed in table 4. 

Table 1 Patient Diagnoses and cycle attempts 

 

 

Diagnosis N % of total 

Advanced Maternal Age 48 34 

Diminished ovarian reserve 9 6.3 

Endometriosis 5 3.5 

Male Factor 14 9.9 

PGT-A ordered 42 29.7 

Recurrent fetal loss 8 5.6 

PCOS 12 8.5 

other 2 1.4 

Cycle Attempts 

1 83 58.8 

2 29 20.5 

3 8 5.6 

≥4 21 14.9 



Table 2: Embryology parameters 

Parameter Number Mean (±SEM) 

Σ Oocytes 1988 14.1±0.587 

Σ MII 1606 11.4±0.474 

% Maturation 80 

Σ 2PN 1276 9.1±0.407 

% Fertilization 79 

Σ Degenerated 111 0.7±0.08 

% degenerated 6.9 

Σ blastocysts 678 5.0±0.343 

% blastocyst 53 



Table 3 Cycle parameters 

Parameter Cohorts 

with BN 

FN cohorts MN 

cohorts 

Mononucleated 

embryos 

Total P value versus 

Mononucleated 

comments 

Σ Egg 569 156 89 1174 1988 

Σ MII 476 125 70 935 1606 

% Maturation 89 80 78.7 70.5 80 P=0.01 Mono 

versus all 

Σ 2PN 378 93 57 748 1276 

% fertilization 79.4 74 81.7 80 79 NS 

Σ Degenerated 32 12 7 51 111 

% degenerated 6.7 9.6 10 3.0 6.9 P=0.006 Mono 

versus all 

Σ Blastocysts 175 38 29 436 676 

% Blastocyst 46.3 40.3 50.3 58 53 P<0.001vs FN& 

BN 

NS MN 

Mean Age 37.3 36.9 39.4 36.7 37.14 P=0.002 Mono vs 

MN 

Legend: BN= binucleated, FN= micronucleated, MN= phenotypic multinucleated, MNB=all 

multinucleated groups 

When all cycle parameters were compared between all multinucleated groups and the mononucleated 

embryos, we observed a significant difference in maturation rate, degeneration rate and blastocyst rate.  

Mononucleated embryos had lower maturation, lower degeneration and higher blastocyst rate than 

multinucleated groups. Fertilization rates were the same amongst groups.  Binucleated and 



micronucleated blastocyst rates were significantly lower than mononucleated group. The micronucleated 

group had the lowest blastocyst rate when compared to the rest of groups. Multinucleated phenotype 

(MN) blastocyst rate was not significantly different from mononucleated embryos, however the mean age 

was higher in this cohort compared to the mononucleated cohort. 

Table 4.  Euploidy of phenotypes 

Phenotype n Σ Euploid % Euploid P value 

Binucleated 105 28 26.7 P<0.001 

Micronucleated 59 6 10.2 P<0.001 

Multinucleated 

phenotype 

59 11 18.9 P<0.001 

Mononucleated 391 152 38.2% 

Euploidy rate of separate multinucleation phenotypes. Nb: P Value in comparison to mononucleated 

embryos. 

When we analysed the PGT-A data, we found that all three phenotypes were significantly less likely to be 

euploid than the mononucleated embryos.  Micronucleated embryos were the least likely at 10.2%, next 

was multinucleated phenotype (18.9%) and the best but still significantly less than mononucleated, were 

binucleated embryos (26.7%).  

Frozen embryo transfers of Multinucleation Phenotypes 

Our clinic routinely did not transfer embryos derived from multinucleated embryos unless that was all the 

patient had. Based on recent literature we started transferring to patients who were counseled as to the 

possible risks of the embryos.  Sixty-nine embryo transfers (with PGT-A and without PGT-A) were 



performed using only multinucleated embryos.  In this group we had not thawed a sufficient quantity of 

euploid PGT-A multinucleated embryos to make data meaningful, therefore we combined PGT-A 

transfers with non PGT-A transfers of separate multinucleated phenotypes. We compared the phenotypes 

to concurrent mononucleated embryos in same time frame. Table 5 lists results. 

Table 5 

Frozen embryo transfer with multinucleated embryos 

Binucleated 

BN 

Micro 

nucleated FN 

Multinucleated 

phenotype MN 

Mononucleated P Value Ongoing PR 

N Transfer 26 23 20 101 

N Pregnancy 11 5 9 48 

S A 5 1 5 3 

% SA 46% 20% 57% 6.2% MN, BN> mono SA% 

p=<0.001 

Ongoing % 23.1% 17.3% 25% 44.5% FN vs MONO p=0.03 

Mean age 36.7 36.9 37.6 36.1 NS 

 Legend: SA=Spontaneous or missed abortion, N= number, PR=Pregnancy rate 



Table 6  

Combined FET with multinucleated phenotypes (MNB) 

From table 5, micronucleated embryos’ ongoing pregnancy rate was significantly lower than the 

mononucleated ongoing rate (p=0.03).  However the ongoing pregnancy rate for binucleated and 

multinucleated phenotype (p=0.07, p=0.8 respectively) embryos did not reach significance.  The 

spontaneous loss rate was higher in both binucleated embryos and multinucleated phenotype embryos 

(p=0.003, p=0.001) but not micronucleated embryos. When all phenotypes were combined (Table 6), the 

pregnancy rate for multinucleated blastocysts (36.2%) was not different than the pregnancy rate for 

mononucleated embryos (47.8%).  However the spontaneous loss rate was higher for the combined 

multinucleated group (44%) compared to the mononucleated group (6.2%, p=>0.001) and hence the 

ongoing pregnancy rate was also significantly lower in the combined multinucleated group when 

compared to the ongoing pregnancy rate for mononucleated embryos.   

Combined Multinucleated 

embryos 

Mononucleated P VALUE 

N 69 101 

Pregnancies 25 48 

PR % 36.2 47.8 NS 

SA 11 3 

%SA 44% 6.2% P=<0.001 

Ongoing PR 20% 44.5% P=0.002 



Discussion 

Embryo multinucleation in IVF cycles has long been a controversial topic.  Reports of abnormality in 

these embryos goes back to 1954 (Hertig AT et al 1954).  More recent accounts in IVF cycles began 

about 1993 (Hardy et al, Munne and Cohen 1993.) Some studies showing that multinucleated embryos in 

IVF were abnormal, used fluorescence in situ hybrydization (FISH) ( Kligman et al 1996, Meriano et al, 

2004, Ambroggio et al 2011) and more recent reports using micro-array CGH and NGS (Sun L et al 

2018) showed similar results. The presence of more than one nucleus in a blastomere intuitively seems to 

indicate more, or abnormally distributed, genetic material than one would expect in a mononucleated cell, 

hence suggesting abnormal cellular division. This abnormality has been shown by Balakier et al (2016) to 

possibly correct itself and lead to normal live births. The majority of reports on multinucleation, however, 

support the abnormality of these embryos (Munne et al 1995, Van Royen et al 2003, Sun L et al 2018, 

Fauque et al 2013, Ergin et al 2014). It is possible that these embryos have varying levels of aneuploidy 

or mosaicism as suggested by Evsikov et al (2001), where a higher threshold level of aneuploidy will 

initiate apoptosis whereas a lower level of aneuploidy or low level mosaicism, may continue through 

further development as normal cells overtake and eventually eradicate abnormal cells.  

 As more is published about multinucleated embryos more is learned on how to manage the transfer or 

cryopreservation of these embryos. In our present study we sought to observe predictive characteristics in 

three phenotypes of multinucleation observed in our IVF patients.  Most other reports group 

multinucleation together as one entity.  Some groups have made the distinction between binucleation and 

multinucleation (Staessen et al 1998, Aguiler et al 2016). However, to our knowledge ours is the first 

study to include micronucleation, binucleation and multinucleation as separate entities. It has been shown 

repeatedly that the pregnancy rate and implantation rate of these embryos is lower and the miscarriage 

rate is higher than mononucleated embryos (Fauque et al 2013, Ergin et al 2014). Our observations in the 

present study support this finding to some extent. When combined, the total multinucleated group had a 

similar pregnancy rate (36.2% vs 47.8%) to the mononucleated group. However, the spontaneous loss rate 

was much higher in the multinucleated group than mononucleated group (44% vs 6.2%, p=<0.001) and 



therefore the ongoing pregnancy rate for the multinucleated group was significantly lower than the 

mononucleated group ( 20% vs 44.5%, p=0.002).  Taking into account the 3 phenotypes observed, we 

found that micronucleated (FN) embryos had a lower ongoing pregnancy rate (17.3%, p=<0.001) than 

mononucleated embryos (44.5%). The clinical ongoing pregnancy rate of BN (23.1%) and MN embryos 

(25%) were not different from the mononucleated embryos but the miscarriage rate for these two 

categories of embryos was higher (p=<0.001). Balakier et al (2016) also found an implantation of 33% for 

PGT-A euploid multinucleated embryos compared to 76% implantation rate for non- multinucleated 

euploid embryos. The loss rate for MN embryos was 57% in our present study, similar to that reported by 

Fauqua et al in 2013 (47%) and Sun et al (2018).  

In this study the multinucleation rate of this cohort was 36.3%. The majority of the cycles in this 

study were those who chose PGT-A (n=42) and those with advanced maternal age (n=48). We showed 

that the euploidy rate in all three phenotypes was lower than the mononucleated embryos. 

Micronucleation seems to be the worst phenotype as far as ploidy (10.2%) and ongoing pregnancy rates. 

Micronucleated embryos also have a significantly lower blastocyst rate. This is in contrast to recent 

studies finding that multinucleated embryos had a normal euploidy rate (Balakier et al 2016) and a normal 

blastocyst rate. We found that BN and MN embryos had a similar pregnancy rate to mononucleated 

embryos however micronucleated embryos did not.  

The etiology of multinucleation has been speculated to be a result of failure of nuclear division or 

fragmentation of the nucleus (Pickering et al 1995, VanRoyen et al 2003). Indeed multinucleation has 

been shown to be concomitant with “adverse events” in embryology (Meriano et al 2004) such as hypoxic 

conditions in the follicle (Van Blerkom et al 1997), aggressive stimulation (Jackson et al 1998), poor 

pronuclear morphology (Balaban et al 2001) (Meriano et al 2004), high DNA fragmentation of sperm 

(Zini et al 2005) and in vitro maturation (Noguiera et al 2000, Walls et al 2015). During cytoplasmic and 

nuclear maturation of the oocyte, reorganization of mitochondria, remodeling of cytoplasm and 

organelles, microfilaments, SER and chromatin structure are all events that are critically timed and 

prearranged. Disruption of these events may give rise to abnormal spindle formation or incomplete 



meiotic anaphase leading to multinucleation of resulting embryos (Meriano et al 2004, Aguilar et al 

2016). More research is required to relate spindle dynamics to this dysmorphism. We intend to study this 

aspect of multinucleation using polarized filter microscopic technology to possibility predict which 

embryos will multinucleate and which will have the potential to correct themselves.  

In conclusion, we have shown that in our cohort of patients with multinucleation, 3 phenotypes 

can be identified and have lower euploidy rates than the mononucleated embryos. We have also shown 

that pregnancies derived from these embryos are more likely to end in miscarriage, and that 

micronucleation is the most severe version of multinucleation in human embryos. We are presently 

analyzing our morphometric data in these cohorts to determine any relationship between these phenotypes 

and developmental timing. We recommend that patients only have these embryos transferred if no others 

remain, in accordance with the Alpha/ESHRE guidelines 2011. Also, we would think it prudent that if 

multinucleated embryos are transferred and result in a live birth that these children should be monitored 

periodically for any anomalies in their health.    
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Abstract
Purpose The aim of this study was to compare the pregnancy
rates between good quality blastocysts vitrified on day 6 ver-
sus blastocysts vitrified on day 5 after fertilization.
Methods This is a retrospective cohort study of 791 freeze-
thaw cycles of blastocysts vitrified either on day 5 or on day 6
and transferred between January 2012 and October 2015. Five
hundred and thirty-seven cycles included blastocysts vitrified
on day 5, and 254 cycles included blastocysts vitrified on day 6.
Results The age of the patients and the proportion of embryos
that survived the thawing process were comparable between
the two groups. More good quality embryos were transferred
in the group in which blastocysts were vitrified on day 6 (1.2
vs. 1.3, p = 0.005), but the clinical pregnancy rate (44 vs.
33 %, p = 0.002) and the ongoing pregnancy rate (41 vs.
28%, p < 0.001) were higher in the group in which blastocysts
were vitrified on day 5. Multivariate regression analysis
adjusting for patient’s age, number of good quality embryos
transferred (≥3BB), and treatment protocol demonstrated that
the day 6 vitrified group had a significantly lower clinical
pregnancy rate compared to the day 5 vitrified group (OR
0.54, 95 % CI 0.38–0.76).

Conclusions The clinical pregnancy rate following frozen
embryo transfer is significantly lower with blastocysts vitri-
fied on day 6 compared to blastocysts vitrified on day 5.

Keywords Vitrification . Blastocyst day 6 . Frozen embryo
transfer

Introduction

Recently, several studies that compared fresh and frozen-
thawed embryo transfer (FET) cycles in normal responders
demonstrated a significantly higher clinical pregnancy rate
per transfer in the FET cycles versus the fresh cycles [1–4].
This improvement in pregnancy rate was thought to be due to
impaired endometrial receptivity in the fresh cycles as a result
of stimulation [1–4], and therefore, there has been a trend
toward FET cycles in our clinic during the last 3 years.

There is also a recent trend toward blastocyst culture and
single embryo transfer (ET) in an attempt to reduce the risk of
multiple pregnancy [5, 6]. However, there are many factors
that may have an impact on the pregnancy rate that need to be
considered before deciding how many embryos to transfer.
These factors include the age of the patient, blastocyst quality,
and the number of failed IVF cycles in the past [7–10].
Whether the day of the blastocyst formation and vitrification
has an influence on the pregnancy rate is still not clear.

There are a few studies showing a lower pregnancy rate
after transferring fresh slower developing blastocysts on day 6
[11], but whether a vitrified good quality day 6 embryo has a
decreased pregnancy rate compared to a vitrified blastocyst on
day 5 is important to determine.

The aim of this study was to compare the pregnancy rates
between good quality blastocysts vitrified on day 6 versus
blastocysts vitrified on day 5 after fertilization.

Capsule The clinical pregnancy rate following frozen embryo transfer is
significantly lower with blastocysts vitrified on day 6 compared to
blastocysts vitrified on day 5.
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Materials and methods

This was a single-center, retrospective cohort study of 791
freeze-thaw cycles of blastocysts vitrified either on day 5 or
on day 6 and transferred between January 2012 and October
2015. The study was approved by the Research Ethics Board
at Mount Sinai Hospital in Toronto. Embryos that developed
to blastocysts were transferred or vitrified on day 5, and non-
expanded embryos (morula or cavitating morula (CAVM))
were cultured until day 6. On day 6, only fully expanded
blastocysts were transferred or vitrified and the rest were
discarded. All the embryos were cultured under the same con-
dition—continuous media despite the day of vitrification.

Five hundred and thirty-seven cycles included blastocysts
vitrified on day 5, and 254 cycles included blastocysts vitrified
on day 6. All the embryos were thawed and transferred on day
6 of progesterone in hormonally prepared cycles.

Patients started on days 2–3 of the cycle with an oral ad-
ministration of 2 mg of estradiol (Estrace, Shire, Canada)
twice daily for endometrial preparation, which was increased
by a step-up protocol to 8 mg/day. An ultrasound endometrial
assessment performed about 10 days later assessed the lining
as ready for the ET procedure when the endometrial thickness
was ≥7 mm. If not adequate, endometrial estrogen priming
continued and ultrasound assessment was undertaken to con-
firm further endometrial thickening. Participants commenced
luteal support via vaginal administration of progesterone sup-
positories 200 mg three times daily according to the proposed
day of embryo thawing and transfer. Embryos vitrified on day
5 were thawed on day 5 of progesterone and transferred after
20–24 h. Embryos vitrified on day 6 were thawed on day 6 of
progesterone and transferred after 2–4 h. In both groups, the
embryos were transferred on day 6 of progesterone.

Embryos vitrified on day 5 or 6 after PGS were excluded
from the study as were cycles with combined transferred em-
bryos from days 5 to 6.

A good quality embryo was defined as an embryo ≥3BB
according to the grading scale proposed by Gardner [12] and
expanded after warming.

The vitrification method used was the Irvine Scientific
Freeze Kit (Cat. no. 90133-SO; Irvine Scientific, Santa Ana,
CA, USA) with HSV straws.

The outcomes of the cycles with blastocysts vitrified on
day 5 were compared with cycles with blastocysts vitrified
on day 6. Clinical pregnancy was defined as visualization of
a gestational sac, while ongoing pregnancy necessitated the
visualization of fetal cardiac activity on transvaginal
ultrasound.

Comparison of continuous variables between the two
groups was conducted using Student’s t test and Mann-
Whitney test. Chi-square test was used for comparison of
categorical variables. Logistic regression analysis was
employed for multivariate analysis. Variables used in the

regression model included vitrification day, maternal age at
the time of oocyte retrieval, number of transferred completely
hatched embryos, and number of top quality embryos
transferred. Significance was accepted at p <0.05.
Statistical analyses were conducted using the IBM
Statistical Package for the Social Sciences (IBM SPSS v.
20; IBM Corporation, Inc., Armonk, NY, USA).

Results

The age of the patients (34.9 vs. 35.3, p = 0.2) and the propor-
tion of embryos that survived the warming process (96.4 vs.
95.7, p = 0.6) were comparable between the two groups.

More embryos were transferred in the day 5 group per
cycle (1.53 vs. 1.39, p = 0.001), but more good quality embry-
os were transferred in the group in which blastocysts were
vitrified on day 6 (1.2 vs. 1.3, p = 0.005). In the day 6 group,
there were significantly more cycles with transfers of vitrified
top quality embryos (85 vs. 95 %, p < 0.001) and a higher
proportion of the vitrified embryos were of good quality in
the day 6 group (76 vs. 95 %, p < 0.001) (Table 1).

There were no differences between the two groups in the
number of completely hatched embryos transferred (1.05 vs.
1.00, p = 0.8).

The clinical pregnancy rate (45 vs. 33%, p = 0.002) and the
ongoing pregnancy rate (41 vs. 28 %, p < 0.001) were higher
in the group in which blastocysts were vitrified on day 5
(Table 1). Multivariate regression analysis adjusting for pa-
tient’s age, number of completely hatched embryos trans-
ferred, and number of good top quality embryos transferred
(≥3BB) demonstrated that the day 6 vitrified group had a
significantly lower clinical pregnancy rate compared to the
day 5 vitrified group (OR 0.54, 95 % CI 0.38–0.76) and that
age and number of top quality embryos transferred had a sig-
nificant impact on the pregnancy rate (Table 2).

When comparing the vitrified day 5 blastocysts with
only good quality embryos vitrified on day 6 (Table 3),
we found that the age of the patients (34.7 vs. 35.2, p =
0.1) and the proportion of embryos that survived the
warming process (96.3 vs. 95.3) were comparable be-
tween the two groups. The clinical pregnancy rate (50
vs. 34 %, p = <0.001) and the ongoing pregnancy rate
(47 vs. 29 %, p < 0.001) were still higher in the group
in which good quality blastocysts were vitrified on day 5
compared to the good quality embryos vitrified on day 6.
Next, we analyzed only cycles with single embryo trans-
fer (203 vs. 157 cycles). We included all the good qual-
ity blastocysts vitrified on day 5 and the good quality
embryos vitrified on day 6 (Table 4). The clinical preg-
nancy rate (42 vs. 22 %, p = 0.04) and the ongoing preg-
nancy rate (40 vs. 19 %, p < 0.001) were significantly
higher in the day 5 group.
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Discussion

Previous studies have showed decreased pregnancy rates
when transferring blastocysts on day 6 compared to blasto-
cysts on day 5 in fresh cycles. Barrenetxea et al. compared the
pregnancy rate according to the day of transfer in fresh transfer
cycles. They found significantly increased pregnancy rate
when transferring embryos on day 5 after retrieval compared
to blastocysts on day 6, and the pregnancy rate was extremely
low in the transfer day 6 group (11 %) [11]. Elgindy and
Elsedeek [13] aimed to study the outcome of blastocysts
showing expansion on day 5 and transferred on day 5 or 6 in
comparison with those unexpanded and transferred on day 6.
They found similar pregnancy rate of expanded blastocysts
transferred on day 5 or 6, but significantly lower pregnancy
rate in the later expanded blastocyst group transferred on day
6. Hashimoto et al. [14] also demonstrated a lower pregnancy
rate of slow-growing embryos compared to normally devel-
oping embryos. He also showed that the incidence of abnor-
mal spindles in the growth-retarded embryos was significantly
higher than that in the normally developing embryos.

However, studies involving vitrified-thawed blastocyst
transfers have reported conflicting results regarding whether
the rate of blastocyst formation prior to cryopreservation
affects treatment outcome [15–19]. A meta-analysis conclud-
ed that there is a significant increase in the clinical pregnan-
cy rate with day 5 vitrified-thawed blastocyst transfers com-
pared with day 6 vitrified-thawed blastocyst transfers.
However, analysis of those studies where the day 5 and
day 6 blastocysts had the same morphological quality at
the time of freezing showed no difference in clinical preg-
nancy and ongoing pregnancy rates [20].

Whether slower-growing blastocysts have a higher rate of
aneuploidy is still debatable.

Kroener et al. showed that delayed blastulation is not
associated with increased aneuploidy rates, but the absence
of blastulation is associated with increased aneuploidy [21].
Similarly, Capalbo et al. demonstrated that faster-growing
embryos (day 5 blastocysts) showed a similar euploidy rate

Table 1 Comparison of frozen
cycles between blastocysts
vitrified on day 5 and blastocysts
vitrified on day 6

Blastocysts vitrified
on day 5

Blastocysts
vitrified on day 6

p

Cycles (n) 537 254 –

Age at retrieval (years) 34.9 ± 4 35.3 ± 5 0.2

Age at transfer (years) 35.7 ± 4 36.3 ± 4 0.05

Number of thawed embryos 852 369 –

Survival rate of the embryos 821/852 (96.4) 353/369 (95.7) 0.6

Number of embryos transferred per cycle (mean) 1.53 ± 0.5 1.39 ± 0.6 0.001

Cycles with GQE transfer/all cycles 459/537 (85.4.0) 242/254 (95.2) <0.001

GQE embryos/all embryos 630/821 (76.7) 334/353 (94.6) <0.001

Number of GQE transferred per cycle (mean) 1.17 ± 0.70 1.31 ± 0.64 0.005

Clinical pregnancy rate 240/537 (44.7) 84/254 (33) 0.002

Ongoing pregnancy 221/537 (41.1) 72/254 (28.3) <0.001

Implantation rate 252/821 (30) 86/353 (24.3) 0.02

GQE good quality embryo

Table 2 Regression analysis of all the frozen cycles including
blastocyst vitrified on day 5 or 6

p OR 95 % CI for OR

Lower Upper

Day of vitrification 0.01 0.539 0.38 0.76

Number of good quality
embryos transferred

<0.001 2.35 1.71 3.25

Number of completely hatched
embryos transferred

0.24 1.16 0.90 1.49

Age at retrieval 0.03 0.95 0.91 0.98

Table 3 Comparison between only good quality embryos vitrified on
day 5 versus day 6

Blastocysts
vitrified on
day 5

Blastocyst
vitrified on
day 6

p

Cycles (n) 442 241 –

Age (years) 34.7 ± 4 35.2 ± 5 0.12

Number of thawed embryos 713 347 –

Survival rate of the embryos 687/713 (96.3) 331/347 (95.3) 0.5

Number of embryos
transferred per cycle (mean)

1.55 ± 0.5 1.37 ± 0.5 <0.001

Clinical pregnancy rate 223/442 (50.4) 83/241 (34.4) <0.001

Ongoing pregnancy 208/442 (47) 71/241 (29.3) <0.001
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compared with slower-growing ones (day 6 blastocysts)
[22].

In contrast, Taylor et al. [23] examined the euploidy rates
and outcomes between day 5 and day 6 blastocysts and
showed that day 5 blastocysts had a higher chance of being
euploid than day 6 blastocysts. He also showed that when only
euploid day 5 or euploid day 6 blastocysts were transferred
during a cryopreserved embryo transfer, the cycle outcomes
were similar.

In this study, we demonstrated that the pregnancy rate is
significantly lower during FET cycles with day 6 vitrified
blastocysts, even if they were morphologically graded as good
quality embryos compared to blastocysts vitrified on day 5.
We demonstrated that the blastocysts vitrified on day 6 were
of higher quality compared to the blastocyst vitrified on day 5
but still resulted with a significantly lower pregnancy rate.

This study is the first to evaluate the pregnancy outcome
after transfer of vitrified slow-growing good quality embryos.
The embryos in both groups were transferred on day 6 of
progesterone due to our method of thawing the vitrified day
5 blastocysts on day 5 of progesterone and transferring them
on day 6 of progesterone, and therefore, the different pregnan-
cy rates cannot be explained by the different transfer days. The
comparable survival rates (96.4 vs. 95.7, p = 0.6) is an impor-
tant indicator on validating the homogeneity between the two
groups.

Our findings of lower clinical pregnancy rate (22 %) and
lower ongoing pregnancy rate (19 %) with the single embryo
transfer of a good quality embryo, vitrified day 6 blastocyst
compared to day 5 blastocysts (41 %) can have an important
influence on our decision regarding the number of embryos to
transfer, especially in older patients.

There are a few limitations in our study. There are many
factors that can influence the pregnancy rate such as the
physician or the embryologist performing the transfer, diffi-
culty in inserting the transfer catheter, endometrial thickness
and pattern, and subendometrial contractions to name a few.
Those factors were not controlled for in the study. Moreover,
the embryos were transferred on day 6 of progesterone in
both groups, but the vitrified day 5 blastocysts were thawed
on day 5 of progesterone and transferred after 20–24 h and
the embryos vitrified on day 6 were thawed on day 6 of
progesterone and transferred after 2–4 h, and due to the

study being a retrospective study, we could not correct this
possible confounder.

In conclusion, even when the day 6 vitrified blastocyst
morphology is at least as good as that of blastocysts vitrified
on day 5, the clinical pregnancy rate following frozen embryo
transfer is significantly lower with blastocysts vitrified on day
6 compared to blastocysts vitrified on day 5.
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Abstract
Purpose A few years ago, we started to use a new freeze–thaw protocol for the frozen embryo transfer cycles. Instead of thawing
the embryos 2–4 h prior to the transfer, we started thawing the embryos 20–22 h prior to the transfer. The aim of this study was to
compare the pregnancy rate in cases of embryos that continued to develop in the post-thawing culture to that of embryos that did
not.
Methods A retrospective cohort study of blastocyst freeze/thaw cycles vitrified on day 5, thawed and transferred after 20–22 h in
the culture, between January 2012 and December 2016.
Results A total of 375 patients were included in the analysis. Two hundred twenty-eight embryos graded as good, 87 graded as
fair, and 60 graded as poor embryos were transferred. The clinical pregnancy rate (50% vs. 19.5% vs 3.3% p < 0.01) and the
ongoing pregnancy rate (38.5% vs. 13.6% vs 1.7% p < 0.01) were higher in cases of good embryo quality compared with fair and
poor-quality embryos, respectively. For good embryos, progressing to a better grade during the culture did not change the clinical
pregnancy rate (51.3% vs. 46.2% p = NS) or the ongoing pregnancy rate (38.5% vs. 37.5% p = NS). For fair embryos,
progressing to a better grade during the culture resulted in a higher clinical pregnancy rate (25.4% vs 9% p = 0.05).
Conclusions The development of the fair embryos in the culture has a highly positive impact on the pregnancy rate and this factor
should be taken into consideration before deciding how many embryos to transfer.

Keywords ART . Freeze–thaw cycles . Frozen embryo transfers . Vitrification

Introduction

Recently, several studies have demonstrated a significantly
increased clinical pregnancy rate per transfer in the FET (fro-
zen embryo transfer) cycles versus the fresh cycles [1–4], and
there has been a trend toward FET cycles in our clinic during
the last 3 years. There are many factors that may have an
impact on the pregnancy rate. These factors include the age
of the patient, number of failed IVF cycles in the past and the
blastocyst quality [5–8].

Five years ago we started to use a new freeze–thaw proto-
col for frozen embryo transfer cycles. Instead of thawing the

blastocysts 2–4 h prior to the transfer, we started thawing the
blastocysts 20–22 h prior to the transfer. In the majority of the
cases, we observed that the blastocysts continued to develop
in the culture and improved their grading. In other cases, al-
though the blastocysts were viable after warming, they did not
develop further in culture. The aim of this study was to com-
pare the pregnancy rate in cases of blastocysts that continued
to develop after warming to that of blastocysts that did not.

Materials and methods

This was a single center, retrospective cohort study of 375
blastocysts freeze/thaw cycles vitrified on day 5, warmed
and transferred after 20–22 h in the culture, between January
2012 and December 2016. The study was approved by the
Research Ethics Board at Mount Sinai Hospital in Toronto.
Only blastocysts vitrified on day 5 were included in the study,
and only cycles with single blastocyst transfer were included
in the study. Embryo post PGS were not included in the study.
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Frozen cycle endometrial preparation

The frozen blastocysts were thawed and transferred during
natural cycles or hormonally substituted frozen embryo trans-
fer (FET) cycles.

Artificial hormone replacement Patients started on days 2–3
of the cycle with oral administration of 2 mg of estradiol
(Estrace) twice daily for endometrial preparation, which was
increased by a step-up protocol to 8 mg/d. An ultrasound
endometrial assessment performed about 10 days later
assessed the lining as ready for the ET procedure when the
endometrial thickness was ≥ 6.5 mm. If not adequate, endo-
metrial estrogen priming continued and ultrasound assessment
was undertaken to confirm further endometrial thickening.
Participants commenced luteal support via vaginal adminis-
tration of progesterone suppositories 200 mg three times daily
according to the proposed day of blastocyst thawing and trans-
fer. The blastocysts were thawed on day 5 of progesterone and
transferred on day 6 of progesterone.

Natural cycles Following spontaneous menstruation, patients
were monitored by serial ultrasound for endometrial thick-
ness, follicular development, LH, and progesterone levels,
until a rise in LH level was observed (LH level exceeds
180% of the baseline value), corresponding to a day prior
OPU/ovulation. On the following day, progesterone supposi-
tories 200 mg three times daily were started. The blastocysts
were thawed on day 5 of progesterone and transferred on day
6 of progesterone.

Thawing process

The blastocyst was thawed using the embryo warming kit—
Irvine scientific Vit kit®-Thaw (catalog no. 90137-SO,
Irvine sci. Santa Ana, CA, USA). The warming solutions
consisted of Thaw solution (TS), Dilution solution (DS),
andWash solution (WS). The patient specimen to be thawed
was removed from dewar and placed into a LN2 thermos by
the. The straw was left immersed in liquid nitrogen until
solutions and tools were ready. High-security straws
(HSV) were used for vitrification. The HSV was clipped
and the inner trough with blastocyst could be removed and
quickly immersed into 37° TS. The blastocyst was found
and left in 37° TS for 1 min. The blastocyst was then trans-
ferred to a 50 μl drop of DS for 4 min and two subsequent
drops (50 μl) of WS for 4 min each. The blastocyst was then
transferred to equilibrated global media (supplemented with
20% LGPS) and was cultured for 20–22 h in the medium.
The blastocyst was graded directly after it was thawed and
again directly before the transfer.

Blastocyst grading

All blastocyst were evaluated by an experienced embryologist
using the grading system proposed by Gardner [9]. Each blas-
tocyst was also given a grade according to the simplified
SART (Society for Assisted Reproductive Technology) grad-
ing system which was proposed by Heitmann et al. [10].
SART grade good was assigned for inner cell mass (ICM)
grade A and trophectoderm (TE) grade A or B (AA or AB
blastocysts). SART grade fair was assigned for ICM grade B
and TE grade A, B, or C (BB, BC, BA, and AC blastocysts).
SART grade poor was assigned for any ICM grade C (CC or
CB blastocysts).

Outcomes

Clinical pregnancy was defined as visualization of a gestation-
al sac, while ongoing pregnancy necessitated the visualization
of fetal cardiac activity on transvaginal ultrasound.

Statistics

Comparison of continuous variables between the two groups
was conducted using student t test and Mann–Whitney test.
Chi-square test and ANOVA were used for comparison of
categorical variables. Logistic regression analysis was
employed for multivariate analysis. Variables used in the re-
gression model included maternal age, number of eggs re-
trieved, number of zygotes, and number of blastocysts during
the fresh ovum retrieval cycle. Significance was accepted at
p ≤ 0.05. Statistical analyses were conducted using the IBM
Statistical Package for the Social Sciences (IBM SPSS v.20;
IBM Corporation Inc., Armonk, NY, USA).

Results

A total of 375 frozen, autologous cycles were included in the
analysis. Two hundred twenty-seven blastocysts graded as
good, 88 graded as fair, and 60 graded as poor blastocysts
were transferred (Table 1).Only the first FET cycle for every
patients was included in the study. The age, number of eggs
retrieved, number of MII and zygotes, and total number of
blastocysts developed during the fresh cycle were comparable
between the three groups. The clinical pregnancy rate (50.2%
vs. 19.3%, p < 0.01) and the ongoing pregnancy rate (38.8%
vs. 13.6% vs. p < 0.01) were higher in cases of good blastocyst
quality compared with fair-quality blastocysts, and higher in
the fair-quality blastocyst group compared with the poor-
quality blastocysts (19.3% vs. 3.3% p < 0.01) (Table 1).
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We performed a multivariate regression analysis adjusting
for number of eggs, MII, zygotes, total number of blastocysts
during the fresh cycle, and the quality of the blastocyst during
the transfer, and found the quality of the blastocyst (OR 3.7,
CI 2.1–6.6 p < 0.001) to be associated with increased ongoing
pregnancy rate.

There were 227 blastocysts graded as good quality prior to
the transfer. In this group, 48/227 (21%) were graded as fair-
quality blastocysts on day 5 and developed to good-quality
blastocysts prior to the transfer, and 179/227 (79%) were
good-quality blastocysts both on day 5 and day 6. In the group
of good-quality blastocysts, 147/227 (65%) continued to de-
velop to a better grade during the 20–22 h (for example 3AB–
4AA, 3AA–4AA). When comparing the pregnancy rate in the
group of good-quality blastocysts that developed further dur-
ing the culture with the group of good-quality blastocysts that
did not change in the culture, both the clinical pregnancy rate
(51.7% vs. 46.2% p = NS) and the ongoing pregnancy rate
(38.7% vs. 37.5% p =NS) were comparable (Table 2).

We performed a multivariate regression analysis adjusting
for number of eggs, MII, zygotes, total number of blastocysts
during the fresh, cycle and the development of the blastocyst
during the 20–22 h. We did not find the development of the
blastocyst to have any statistically significant impact on the
clinical or ongoing pregnancy rate.

There were 88 blastocysts graded as fair quality prior to the
transfer. 54/88 (61.3%)were either poor or fair at the thaw before
the culture. We found that any blastocyst that developed to a
better grade during the culture resulted in a higher pregnancy
rate (25.4% vs 9% p = 0.05). The ongoing pregnancy rate was
not significantly different (18.1% vs. 6% p =NS) (Table 3).

We performed a multivariate regression analysis adjusting
for number of eggs, MII, zygotes, total number of blastocysts
during the fresh cycle, and the development of the blastocyst
during the 20–22 h. We found, both the clinical pregnancy rate
(OR = 6.6, CI 1.4–3.3, p = 0.02) and the ongoing pregnancy
rate (OR = 7.5, CI 1.3–5.0, p = 0.04), to be associated with sig-
nificantly higher in the group in which the blastocysts devel-
oped to a better grade compared to non-developing blastocysts.

There were 60 blastocysts graded as poor quality prior to
the transfer. Thirty one of them were good quality at the thaw
and became poor over the course of 20–22 h of culture.
Twenty-three blastocysts were thawed as fair quality and be-
came poor quality after the 20–22 h. Six of them were thawed
as poor quality, and still were of poor quality after 20–22 h. In
this group, there were only two clinical pregnancies and one
ongoing pregnancy. Fourteen blastocysts were vitrified as
poor-quality blastocysts. Eight blastocysts developed to fair-
quality blastocysts over the course of 20–22 h of culture, and
six blastocysts improved their grading but remained poor-
quality blastocysts. The clinical pregnancy rate in this group
was 14.3% (2/14) but the ongoing pregnancy rate was 0/14.

Discussion

To our knowledge, this is the first report in the literature of this
freeze-thaw-culture protocol. Because the blastocyst has 20–
22 h to develop in the culture, we have more information
regarding the blastocyst prior the transfer and this information
can assist us in predicting the pregnancy rate. We have an
elective single blastocyst transfer policy in our clinic but in

Table 2 Comparing the
pregnancy outcome of good-
quality embryos that developed in
the culture with good-quality
embryos that did not develop in
the culture

Good-quality embryos that
developed in the culture

Good-quality embryos that
did not develop in the culture

p

N 147 80 –

Clinical pregnancy rate 76/147 (51.7%) 37/80 (46.2%) NS

Ongoing pregnancy rate 57/147 (38.7%) 30/80 (37.5%) NS

NS not significant

Table 1 Comparison between
cycles with progression to good-
quality, fair-quality, and poor-
quality embryos

Good prognosis Fair prognosis Poor prognosis p

N 227 88 60

Age (years) (mean ± sd) 35 ± 3.8 35.7 ± 3.7 35.4 ± 3.5

Number of eggs retrieved (mean ± sd) 15.9 ± 7.7 14.8 ± 7.9 16.4 ± 8.5

2PN (mean ± sd) 10.4 ± 5.7 9.8 ± 5.9 10.8 ± 5.5

Total number of blastocysts developed
during the fresh cycle (mean ± sd)

5.5 ± 3.5 5.1 ± 3.1 5.1 ± 3.2

Clinical pregnancy rate 114/227 (50.2%) 17/88(19.3%) 2/60(3.3%) < 0.01

Ongoing pregnancy rate 88/227 (38.8%) 12/88 (13.6%) 1/60 (1.7%) < 0.01

NS not significant
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cases of patients with poor prognosis (advanced age or recur-
rent implantation failure), we do transfer two blastocysts in
order to increase the pregnancy rate per cycle. The results of
this study could have an influence on the decision regarding
the number of blastocysts that should be transferred.

As shown by Elgindy et al. [11] in fresh cycles, the preg-
nancy outcome is the same whether a day 5 expanded blasto-
cyst is transferred on day 5 or day 6 and therefore we reasoned
that the pregnancy rate would not change whether we trans-
ferred the blastocyst 2–4 h after the thawing, or if we let the
blastocyst grow in the culture for another day after warming.
We believe that the additional information gained from this
protocol is very important.

We found that transferring a good-quality blastocyst result-
ed in higher clinical and ongoing pregnancy rates compared to
cycles in which fair and poor-quality blastocysts were trans-
ferred. These results are similar to data published previously
by Heitmann et al. [10] and by Irani et al. [12]. In our cohort,
21% of the transferred good-quality blastocysts were vitrified
as fair-quality blastocysts and developed to become a good-
quality blastocyst after the 20–22 h in the culture. These 20–
22 h in culture distinguished between vitrified fair-quality
blastocyst that remained the same grade after culture, and
fair-quality blastocysts that developed to good-quality blasto-
cysts. This difference was reflected in the ongoing pregnancy
rate. Thus, the decision regarding the number of blastocysts to
transfer can bemade with more data and may assist in improv-
ing the IVF success rate without increasing the risk of twin
pregnancies.

In the transferred fair-quality blastocyst group, we found a
significant increase in the ongoing pregnancy rate if the blas-
tocyst developed during the post-thawing culture (OR = 7.5,
CI 1.3–5.0, p = 0.04) compared to the cycles without blasto-
cyst development. The ongoing pregnancy rate was extremely
low in the non-developing fair-quality group (6%), and there-
fore if after 20–22 h there is an arrested fair-quality blastocyst,
it may be beneficial to thaw another blastocyst (if available)
and transfer both immediately.

There were some blastocysts in the studied cohort that
arrested, or degenerated. It has been suggested that blastocysts
that fail to develop in vitro would have better outcome in vivo
as the uterine cavity might be a better Bincubator .̂ If that
hypothesis were true, the cumulative pregnancy rate would
have been better in cleavage stage transfers compared to

transfers at the blastocyst stage, and as previously published,
there is no evidence of a difference in cumulative pregnancy
rates between day 3 vs. day 5 blastocyst transfers [13].

There are a few limitations in our study. The main limita-
tion is the retrospective study design and although the results
of this study are promising, further prospective studies will be
needed to confirm the findings. There are many other factors
that may influence the pregnancy rate including difficulty
performing the transfer, endometrial thickness and pattern,
and subendometrial contractions to name a few. Those factors
were not controlled for in the study.

In conclusion, the new warming protocol with culture for
20–22 h appears to have value in predicting the pregnancy
rate. The development of fair blastocysts in culture has a high
positive impact on pregnancy rate and this factor should be
taken into consideration before deciding how many blasto-
cysts to transfer.
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Developmental potential of
slow-developing embryos: day-5
morulae compared with day-5
cavitating morulae

Jigal Haas, M.D.,a,b Jim Meriano, M.A.,a Rawad Bassil, M.D.,a Eran Barzilay, Ph.D.,a,b Eran Zilberberg, M.D.,a

and Robert F. Casper, M.D.a

aTRIO Fertility Partners, Division of Reproductive Sciences, University of Toronto, Toronto, Ontario, Canada; bIVF Unit,
Department of Obstetrics and Gynecology, Chaim Sheba Medical Center, Tel- Hashomer, Sackler Faculty of Medicine, Tel
Aviv University, Tel Aviv, Israel
Objective: To describe and compare the ongoing pregnancy rate between morulae and cavitating morulae (CAVM) transferred on day
5, to describe and compare the blastulation rate between day 5 morulae and CAVM, and to describe the pregnancy rate of these slow-
developing blastocysts during a frozen embryo transfer (FET) cycle.
Design: Retrospective cohort study.
Setting: Single tertiary care medical center.
Patient(s): Delayed-development embryos: 3,321 cycles that included 10,304 embryos on day 5 that were cultured until day 6.
Intervention(s): Development of morula and CAVM to the blastocyst stage.
Main Outcome Measure(s): Blastulation rate.
Result(s): The fresh embryo transfers comprised 186 patients with 82 embryos at themorula stage and 104 embryos at the CAVM stage.
The pregnancy rate (15.8% vs. 21.1%) and the ongoing pregnancy rate (15.8% vs. 17.3%) were comparable between the groups. The
study group included 10,304 day-5 delayed embryos: 5,395 morulae and 4,909 CAVM on day 5. The blastulation rate was
statistically significantly higher in the CAVM group compared with the morula group (39.2% vs. 20.4%). We included 201 FET
cycles: 77 warmed blastocysts that developed from a morula on day 5 and 124 warmed blastocysts that developed from CAVM on
day 5. The clinical pregnancy rate was comparable between the two groups per embryo transfer (21.3% vs. 24.7%).
Conclusion(s): Transferring of fresh, slow-developing embryos seems to improve the cycle outcomes compared with culturing for
another day and then vitrifying and thawing later. (Fertil Steril� 2018;-:-–-. �2018 by American Society for Reproductive
Medicine.)
Key Words: Cavitating morula, morula, slow-developing embryos
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T he blastocyst stage is the last
embryonic stage before im-
plantation and is assumed

to be the best stage of embryo se-
lection compared to embryos at
cleavage stage. Not every embryo
will reach the blastocyst stage
even when using the most
advanced culture media. There has
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been a debate for the last few
years over whether to prefer
embryo transfer at the cleavage
stage or to culture the embryos
to the blastocyst stage and transfer
them at day 5 (1).

The rationale for blastocyst trans-
fer is to improve both uterine and
embryonic synchronicity and enable
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self-selection of viable embryos, thus
resulting in better live-birth rates
per transfer, and the rationale
for cleavage-stage transfer is the
possibility that extended culture may
in fact harm viable embryos through
suboptimal culture conditions, which
could be prevented by earlier transfer
at day 3. A study published recently
compared the cumulative live-birth
rates after cleavage stage on day 3
and blastocyst transfers on day 5 and
showed that although the number of
embryo transfers necessary until the
first live birth was statistically signifi-
cantly lower for blastocyst-stage
1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://www.fertstertdialog.com/users/16110-fertility-and-sterility/posts/37731-26541
https://www.fertstertdialog.com/users/16110-fertility-and-sterility/posts/37731-26541
mailto:jigalh@hotmail.com
https://doi.org/10.1016/j.fertnstert.2018.08.053


ORIGINAL ARTICLE: ASSISTED REPRODUCTION
embryos, the cumulative live-birth rates were comparable be-
tween the two groups (2). A Cochrane review published in
2016 (1) also concluded that there was no evidence of a
difference between the day-3 and day-5 groups in cumulative
pregnancy rates derived from fresh and frozen-thawed cycles
after a single oocyte retrieval.

Because of the high blastulation rate in our clinic (58%,
unpublished data), we routinely culture embryos until day 5
in order to transfer/freeze a fully developed blastocyst.
Some of the embryos do not develop to the blastocyst stage
on day 5, some of them are not viable, and some of them
are slow-developing embryos at the morula or cavitating
morula (CAVM) stage. It is normal for an embryo to be at
the morula stage on day 4, but the data are limited regarding
the etiology, prognosis, and how to proceed when the embryo
is still at the morula stage on day 5. Studies have described
good pregnancy results in cycles that included fresh transfers
of morulae on day 4 (3–5), but to our knowledge there is a lack
of evidence in the literature regarding pregnancy outcomes
with embryos at morula stage on day 5.

Our study describes and compares ongoing pregnancy
rates between morulae and CAVM transfers on day 5. We
describe and compare the blastulation rates between
morulae and CAVM, and examine the pregnancy rate of
slow-developing blastocysts during the subsequent frozen
embryo transfer (FET) cycles.

MATERIALS AND METHODS
This was a single center, retrospective cohort study of 3,321
in vitro fertilization (IVF) cycles between January 2012 and
November 2016. The study was approved by the research
ethics board at Mount Sinai Hospital in Toronto.
Study Group

At our clinic the protocol is to transfer slow-developing
embryos—either morulae or cavitating morulae (CAVM)—on
day 5 only if there is no blastocyst to transfer. If there is a blas-
tocyst on day 5, the slow-developing embryos are cultured un-
til day 6. At day 6, only expanding or fully expanded
blastocysts are vitrified; the rest are discarded. Our study
included 3,321 cycles, including 10,304 slow-developing em-
bryos on day 5 that were cultured until day 6, and 184 cycles
of 233 slow-developing embryos transferred on day 5. The cy-
cles with combined transfers of slow-developing embryos and
blastocysts were excluded from the study. The slow-developing
embryos that reached expanding or fully expanded blastocysts
on day 6 were vitrified; of this group, 201 embryos were
thawed and transferred during natural cycles or hormonally
substituted FET cycles.
Embryogenesis

Oocytes were injected with sperm in drops of modified human
tubal fluid medium (mHTF; LifeGlobal) supplemented with
10% LGPS (v/v) overlaid with mineral oil (lite oil; LifeGlobal)
using Narishige manipulators (Narishige International) and
Zeiss microscope equipped with Hoffman optics (Carl Zeiss
Microscopy). Once the injection was complete, the oocytes
2

were washed in warm equilibrated Global medium
supplemented with 10% (v/v) LGPS. The oocytes were then
placed into pre-equilibrated proteinated Global medium.
The oocytes were cultured in a 37�C, humidified incubator
set to 5.5% CO2 and 5.0% O2. Fertilization was assessed at
18 hours for the presence of two distinct pronuclei and two
polar bodies, which we considered normally fertilized.

The embryos were assessed on days 2 and 3 for cleavage,
nucleation, and fragmentation. Embryos were not assessed on
day 4. On days 5 and 6, the embryos were assessed for
blastocyst development and graded with the Gardner and
Schoolcraft method (6). Those embryos that were not
blastocysts were characterized as either cavitating morulae
or noncavitating morulae (arrested nondeveloping embryos).
Frozen Cycle Endometrial Preparation

Artificial hormone replacement. Patients started on day 2–3
of the cycle with oral administration of 2 mg of estradiol
(Estrace; Allergan Pharmaceuticals) twice daily for
endometrial preparation, which was increased by a step-up
protocol to 8 mg/d. An ultrasound endometrial assessment
performed about 10 days later, assessed the lining as ready
for the ET procedure when the endometrial thickness was
R6.5 mm. If the lining was not adequate, endometrial
estrogen priming continued, and ultrasound assessment was
undertaken to confirm further endometrial thickening.
Participants commenced luteal support via vaginal
administration of progesterone suppositories 200 mg three
times daily according to the proposed day of embryo thawing
and transfer. The embryos were thawed on day 6 of
progesterone and transferred after 2–4 hours.

Natural cycles. After spontaneous menstruation, patients
were monitored by serial ultrasound for endometrial
thickness, follicular development, luteinizing hormone (LH)
and progesterone levels until a rise in LH level was observed
(LH level exceeded 180% of the baseline value) corresponding
to a day before oocyte pickup/ovulation. On the following
day, progesterone suppositories (200 mg three times daily)
were started. The embryos were thawed on day 6 of
progesterone and transferred after 2–4 hours.

Morphology. A top-quality embryo (TQE) was defined as an
embryo graded R3BB according to the scale proposed by
Gardner and Schoolcraft (6) and >90% expanded after
warming. We defined CAVM as a very early blastocyst with
a blastocoel less than 10% of blastocyst. Vitrification was
performed using the Irvine Scientific ‘‘Freeze Kit’’ (cat. no.
90,133-SO) with high security vitrification straws. Clinical
pregnancy was defined as visualization of a gestational sac;
ongoing pregnancy necessitated the visualization of fetal
cardiac activity up to 12 weeks' gestational age on
transvaginal or pelvic ultrasound.
Statistical Analysis

Comparison of continuous variables between the two groups
was conducted using Student's t-test andMann-Whitney test,
as appropriate. The chi-square test was used for comparison
of categorical variables. Logistic regression analysis was
VOL. - NO. - / - 2018



TABLE 2

Progress of morulae versus cavitating morulae to the blastocyst
stage.

Parameter Morula CAVM P value

N (embryos) 5,395 4,909
Developed to blastocysts 1,105 (20.4%) 1,926 (39.2%) < .001
Developed to TQE 958 (17.7%) 1,766 (35.9%) < .001

Fertility and Sterility®
employed for multivariate analysis. Variables used in the
regression model included maternal age, estradiol level on
the day of triggering, number of eggs retrieved, number of
fully developed blastocysts on day 5, and number of
slow-developed embryos day 5. P< .05 was considered
statistically significant. Statistical analyses were conducted
using the IBM Statistical Package for the Social Sciences
(IBM SPSS v.20; IBM Corporation).
Note: CAVM ¼ cavitating morula; TQE ¼ top-quality embryo.

Haas. Potential of slow-developing embryos. Fertil Steril 2018.
RESULTS
Fresh Transfers of Slow-developing embryos on
day 5

One hundred and eighty-six patients had fresh embryo
transfers of slow-developing embryos: 82 embryos at the
morula stage and 104 embryos at the CAVM stage. The
pregnancy rate (15.8% vs. 21.1%, respectively; P¼not
statistically significant [NS]) and the ongoing pregnancy
rate (15.8% vs. 17.3%, respectively; P¼NS) were comparable
between the two groups (Table 1). Eight patients in the CAVM
group (7.6%) and four patients in the morulae group (4.9%)
had embryos that developed to the blastocyst stage and
were cryopreserved on day 6.
Progression to Blastocyst

The study included 10,304 day-5 slow-developing embryos:
5,395 morulae and 4,909 CAVM on day 5. The blastulation
rate was statistically significantly higher in the CAVM group
compared with the morula group (39.2% vs. 20.4%; P< .001),
and the progression to TQE was statistically significantly
higher in the CAVM group (35.9% vs. 17.7%; P< .001)
(Table 2).
Prediction of Progression to Blastocyst

We performed a regression analysis to demonstrate whether
different variables predict which slow-developing embryo
may develop into a blastocyst. The variables included in the
analysis were age, number of eggs retrieved, number of
fully developed blastocysts on day 5, and number of
slow-developing embryos on day 5. Age was the only variable
that was found to predict the development to blastocyst stage
(odds ratio 0.97; 95% confidence interval, 0.96–0.98), and the
older patients were found to have a lower blastulation rate
compared with the younger patients (Table 3).
TABLE 1

Fresh morulae and cavitating morulae transfer.

Parameter Morula CAVM P value

N 82 104 NS
Clinical pregnancy rate 15.8% 21.1% NS
Ongoing pregnancy 15.8% 17.3% NS
Note: CAVM ¼ cavitating morula; NS ¼ not statistically significant.

Haas. Potential of slow-developing embryos. Fertil Steril 2018.
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FET Cycles of Slow-developing Embryos that
Became a Blastocyst on Day 6

We included only single-embryo transfers of slow developing
embryos that became blastocysts on day 6. We included 201
FET cycles, 77 thawed blastocysts that developed from
morulae on day 5, and 124 thawed blastocysts that developed
from a CAVM on day 5 (Table 4). The age was comparable
between the two groups, as was the survival rate of the
vitrified-thawed embryos (96% vs. 97.6%; P¼NS). The
pregnancy rate, clinical pregnancy rate, and ongoing
pregnancy rate were comparable between the two groups.
The pregnancy loss rate (before week 11 of gestation) was
high in the morula group (37.5%), but due to a small sample
size it was not statistically significantly different from that
of the CAVM group (16.7%; P¼ .1).
Theoretical Calculation

Morula. An average of 20.4% of morula developed to the
blastocyst stage on day 6 (Table 2). Only 13.3% of the
transferred blastocysts (that developed from the morulae)
during FET cycles resulted in an ongoing clinical pregnancy.
Therefore, 2.71% of the morulae may be likely to result in an
ongoing pregnancy.

CAVM. An average of 39.2% of the CAVM developed to the
blastocyst stage on day 6. Only 20.6% of the transferred
blastocysts (that developed from the CAVM) during FET
cycles resulted in an ongoing clinical pregnancy. Therefore,
8.1% of the CAVM may be likely to result in an ongoing
pregnancy.
TABLE 3

Regression analysis/prediction of development ofmorulae/cavitating
morulae to blastocyst.

Parameter Significance OR

95% CI for OR

Lower Upper

Age < .001 0.97 .96 .98
E2 level on day of triggering .184 1.000 1.000 1.000
No. of eggs .491 1.003 .987 1.01
No. of total blastocysts on D5 .527 1.005 .989 1.022
Note: CAVM ¼ cavitating morula; CI ¼ confidence interval; D5 ¼ day 5; E2 ¼ estradiol;
OR ¼ odds ratio.

Haas. Potential of slow-developing embryos. Fertil Steril 2018.
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TABLE 4

Frozen embryo transfer cycles: pregnancy outcome of slow-developing
blastocysts.

Parameter
Developed
from morula

Developed
from CAVM

P
value

Embryos warmed 75 124
Nonsurviving embryos 3 (4%) 3 (2.4%) NS
Age 36 � 4.2 35.5 � 3.9 NS
TQE (%) 69/75 (92%) 114/124 (92%) NS
Medical FET 68/75 (90.6%) 111/124 (89.5%) NS
Natural FET 7/75 (9.4%) 13/124 (10.5%) NS
Pregnancy 18 (24%) 32 (26.4%) NS
Clinical pregnancy 16 (21.3%) 30 (24.7%) NS
Ongoing pregnancy 10 (13.3%) 25 (20.6%) NS
Missed abortion 6 (37.5%) 5 (16.7%) NS
Note: CAVM¼ cavitating morula; FET¼ frozen embryo transfer; TQE¼ top-quality embryo.

Haas. Potential of slow-developing embryos. Fertil Steril 2018.
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DISCUSSION
Although assisted reproductive technology is four decades
old, we believe that insufficient attention has been paid to
slow-developing embryos at day 5 after retrieval. We found
a reasonable ongoing pregnancy rate in the fresh transfer
cycle group, but a low blastulation yield and a low ongoing
pregnancy rate in the vitrified-warmed slow-developing
embryo group.
Fresh Transfers of Slow-developed Embryos on
Day 5

Kovacic et al. (7) classified blastocysts and morulae on day 5
of in vitro culture and established the implantation capacity
and developmental ability of various morphologic types of
blastocysts and morulas. Based on the different morphologic
parameters, eight different categories were defined (Bl to B8)
The first category (BI) contained optimal blastocysts, and the
B8 category included small blastocysts and morulae. They
showed that the birth rate declined from Bl to B8 embryos
transferred. Normal-looking early blastocysts and normal
compact morulae on day 5 were considered as embryos with
delayed development, and they resulted in a pregnancy rate
of 26%. In our study we found a lower pregnancy rate
(15.8% to 21.1%), but it was difficult to compare the two
studies due to lack of important information such as age
and number of embryos transferred.
Fresh Transfers of Slow Developing Embryos on
Day 6

Previous studies have showed decreased pregnancy rates
when transferring slow developing blastocysts on day 6
compared to normally developed blastocysts on day 5 in fresh
cycles. Barrenetxea et al. (8) compared the pregnancy rate
according to the day of transfer in fresh transfer cycles.
They found a significantly increased pregnancy rate
when transferring embryos on day 5 compared with
slow-developing blastocysts on day 6, and the pregnancy
rate was extremely low in the transfer day-6 group (11%).
Hashimoto et al. (9) also demonstrated a lower pregnancy
4

rate of slow-growing embryos on day 6 compared with
normally developing embryos.

In our clinic we do not perform fresh transfers of slow-
developing blastocysts on day 6. As mentioned previously,
we transfer the slow-developing embryos (morula or
cavitating morula, CAVM) on day 5 if there is no other
developed blastocyst to transfer. If there is a blastocyst on
day 5, the slow-developing embryos are cultured until day
6. At day 6, only blastocysts are vitrified, and the rest are
discarded.
Progression to Blastocyst

Zakharova et al. (10) described the blastocyst yield obtained
during normal morula development (from day 4 to day 5) to
be 91% in biopsied and nonbiopsied embryos. Kort el al (11).
aimed to better understand slower embryo aneuploidy rates
and implantation potential. They found that day-5 morulae
had a significantly higher aneuploidy rate, even though the
majority of day-5 morula progressed to become blastocysts
by day 6. Euploid day-5 morulae had a statistically
significantly higher rate of making blastocyst on day 6
compared with day 5 morulae that were aneuploid. In their
study 54% to 61% of the day-5 morulae progressed to become
blastocysts on day 6. Only 296 embryos were included in the
study, and there was no differentiation between morulae,
cavitating morulae, and unexpanded blastocysts.

Ivec et al. (12) determined the influence of delayed compac-
tion and fragmentation on the developmental capacity of
morulae. They found that the measurement of compaction
timing and cytoplasmic loss in morulae could assist in predict-
ing their ability to develop into optimal blastocysts.

In our study we included a large number of embryos
(10,304), and we analyzed the development of morula and
CAVM embryos separately. We also performed a regression
analysis to demonstrate whether different variables predict
which slow-developing embryo might develop into a
blastocyst, and we found that age was the only variable to
predict the development to blastocyst stage. Unfortunately,
we did not biopsy the embryos on day 5 and therefore could
not compare embryo development of euploid versus
aneuploid slow-developing embryos. We do not grade
morulae in our clinic, so our study was not able to determine
whether potential grading of the morulae could predict the
development to blastocyst.
FET Cycles of Slow-developing Embryos that
Became a Blastocyst on Day 6

Studies involving frozen-thawed blastocyst transfers have
reported conflicting results regarding whether the rate of
blastocyst formation before cryopreservation affects
treatment outcome (13–19). A meta-analysis concluded that
there is a statistically significant increase in the clinical
pregnancy rate with day-5 frozen-thawed blastocyst transfers
compared with day-6 frozen-thawed blastocyst transfers. Our
group recently published a study demonstrating lower
pregnancy rate with high-quality day-6 frozen-thawed
VOL. - NO. - / - 2018
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blastocyst transfers compared with day-5 high-quality
frozen-thawed blastocysts (20).

Whether slower-growing blastocysts have a higher rate of
aneuploidy is also still debatable. Kroener et al. (21) showed
that delayed blastulation was not associated with increased
aneuploidy rates, but absence of blastulation was associated
with increased aneuploidy. Similarly, Capalbo et al. (22)
demonstrated that faster growing embryos (day-5 blastocysts)
showed a similar euploidy rate compared with slower growing
ones (day-6 blastocysts).

Yang et al. (19) showed that delayed blastulation was not
associated with increased aneuploidy rates, but the pregnancy
rate with euploid day-5 embryos was statistically
significantly higher that with euploid day-6 blastocysts. By
contrast, Taylor et al. (23) examined the euploidy rates and
outcomes between day-5 and day-6 blastocysts and showed
that day-5 blastocysts had a higher chance of being euploid
than day-6 blastocysts. He also showed that when only
euploid day-5 or euploid day-6 blastocysts were transferred
during a cryopreserved embryo transfer, the cycle outcomes
were similar.

In our current study we compared the pregnancy rate
between vitrified/warmed blastocysts that developed from
morula and blastocysts that developed from CAVM. We
did not find a statistically significant difference between
the two groups (13.3% vs. 20.6%), but the sample size was
too small to detect a difference of 7 percent. The pregnancy
loss rate (before week 11 of gestation) was very high in the
morula group (37.5%), but due to the small sample size the
pregnancy loss rate was not statistically significantly higher
than that of the CAVM group (16.7%, P¼ .1). We believe that
the high rate of pregnancy loss can be explained by an
increased aneuploidy rate, as demonstrated by some of the
studies. Because preimplantation genetic screening is not
routinely performed in our clinic, this hypothesis could not
be verified.

Slow-developing embryos are transferred in our clinic
during a fresh cycle as a morula/CAVM on day 5 with a
reasonable ongoing pregnancy rate (15% to 17%), or they
can be cultured another day, vitrified if they develop to a
blastocyst, and then transferred in a FET cycle. As we
demonstrated previously, an average of 20.4% of morulae
developed to the blastocyst stage on day 6, and only 13.3%
of the transferred blastocysts (that developed from the
morulae) during FET cycles resulted in an ongoing clinical
pregnancy. Therefore, 2.71% (20.4%� 13.3%) of the morulae
may be likely to result in an ongoing pregnancy.

An average of 39.2% of the CAVM developed to the
blastocyst stage on day 6, and only 20.6% of the transferred
blastocysts (that developed from the CAVM) during FET
cycles resulted in an ongoing clinical pregnancy. Therefore,
only 8.1% (39.2% � 20.6%) of the CAVM may be likely to
result in an ongoing pregnancy.

Because the theoretical ongoing pregnancy rate per
morula is only 2.71%, and only 8.1% of the CAVM will result
in an ongoing pregnancy when vitrified on day 6, it is
reasonable to transfer a fresh morula/CAVM during the fresh
cycle to optimize the chance of the morula/CAVM to develop
to an ongoing pregnancy, and to vitrify blastocysts on day 6
VOL. - NO. - / - 2018
without compromising the future capability of developing to
an ongoing pregnancy.

There are some limitations in our study. This was a
retrospective study, and to conclude that fresh transfers result
in better pregnancy outcomes, a prospective randomized
controlled study should be performed. In addition, there are
many factors that can influence the pregnancy rate such as
the experience of the physician or the embryologist
performing the transfer, difficulty inserting the transfer
catheter, endometrial thickness and pattern, and so on. Those
factors were not controlled for in the study.

In conclusion, slow-developing embryos have a
reasonable ongoing pregnancy rate in fresh transfers but a
low blastulation yield, leading to a low ongoing pregnancy
rate in the vitrified-warmed slow-developing embryo group.
This is important information that should be taken into
consideration on day 5 if only morula or CAVM are available
for transfer.
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Type of stimulation protocol affects oocyte maturity, fertilization 
rate, and cleavage rate after intracytoplasmic sperm injection* 
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Objective: To compare oocyte maturity, fertilization rate and cleavage rate after a short and 
long GnRH agonist (GnRH-a) stimulation protocol and intracytoplasmic sperm injection (ICS!). 


Design: Retrospective study of 34 sequential ICSI cycles stimulated with a short or long 
GnRH-a protocol. 


Setting: A university-based tertiary care center for assisted reproductive treatment. 
Results: Significantly more oocytes were mature (metaphase II) after a long GnRH-a protocol 


then after a short GnRH-a protocol (25.6% and 80.8%, respectively). The long protocol resulted 
in more cleaving embryos (36/152 versus 9/132) and more cycles ofET (12/17 versus 5/17) than 
the short group. 


Conclusion: A greater percentage of mature oocytes results from ovarian stimulation with 
a long GnRH-a protocol than a short GnRH-a protocol. Maturity could be assessed accurately 
after cumulus stripping that is required before ICS!. Fertilization rate and cleavage rate with 
ICSI was superior after a long GnRH-a stimulation protocol for superovulation. 
Fertil Steril 1995; 64:557 -63 


Key Words: GnRH-agonists, stimulation protocols, short GnRH agonist protocol, long GnRH 
agonist protocol, oocyte maturity, intracytoplasmic sperm injection 


Gonadotropin-releasing hormone agonists 
(GnRH-a) are now used routinely to prevent sponta
neous gonadotropin surges during ovarian stimula
tion for IVF-ET. Gonadotropin-releasing hormone 
agonist usually is administered for a prolonged pe
riod to cause pituitary GnRH receptordown-regula
tion and ovarian quiescence before exogenous gonad
otropin stimulation (long protocol). An alternative 
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regimen involves initiation of GnRH-a in the early 
follicular phase just before, or concomitant with, the 
administration of exogenous gonadotropins. This 
latter protocol uses the initial rise or "flare-up" of 
endogenous gonadotropins that occurs before pitu
itary desensitization to synergize with exogenous go
nadotropins during follicular recruitment (short pro
tocol). Although both regimens have been shown to 
prevent premature LH surges, a potential advantage 
of the short protocol is a reduction in the number of 
ampules of hMG required for follicular stimulation 
compared with the long protocol, thereby lessening 
the cost per cycle. 


Controversy exists regarding which of the two 
GnRH-a protocols is better in terms of successful 
follicular recruitment and pregnancy. Some investi
gators have found the long protocol to result in a 
superior pregnancy rate (PR) (1-3) whereas others 
have demonstrated that the short protocol is equally 
effective and more economical (4-7). Over the last 
3 years, we have routinely used a short GnRH -a pro-
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I 


j 
I tocol in our IVF program with good results. Recently, 


we initiated a micromanipulation protocol for intra
cytoplasmic sperm injection (ICSI) for severe male 
factor infertility, also using a short protocol. An im
portant part of the ICSI procedure involves the re
moval of the cumulus-corona complex so that the 
oocyte can be stabilized by suction against a holding 
pipette. This stripping off of the vestments of the 
oocyte also allows a precise determination of the 
stage of progression of the oocyte through meiosis 
and, therefore, the maturity of the oocyte is deter
mined accurately. The ICSI technique is performed 
only on oocytes in metaphase II, after extrusion of 
the first polar body (8). We were surprised to find a 
large number of immature oocytes retrieved after 
our short protocol, despite what appeared to be well
expanded mature-looking cumulus complexes. As a 
result, it often was necessary to mature the oocytes 
for up to 12 to 24 hours in vitro before commencing 
ICS!. The objective of the present study was to deter
mine if oocyte maturity differs between the short 
and long GnRH-a protocols and ifthe results ofICSI 
are different between the two protocols. 


MATERIALS AND METHODS 


Subjects 


Thirty-four couples with a diagnosis of severe 
male factor infertility were treated by ICS!. The di
agnosis of male factor infertility was based in most 
cases on recovery of < 1 X 106 motile sperm after 
standard swim-up procedure. In some patients, ICSI 
was performed because of repeated failed fertiliza
tion with standard IVF technique. In one patient, 
epididymal aspiration and ICSI was performed be
cause of previous failed vasectomy reversal (two at
tempts) and, in another patient, failed fertilization 
in IVF was attributed to absent acrosome reaction. 
The female partners were between 28 and 46 years 
of age and had additional diagnoses of ovulatory dys
function (n = 1) endometriosis (n = 5), or tubal ob
struction (n = 5). 


Stimulation Protocols 


Seventeen women received controlled ovarian 
hyperstimulation using a short protocol after the use 
of oral contraceptives for scheduling as we have de
scribed previously (9) Leuprolide acetate (LA; Lu
pron; Abbott Pharmaceuticals, Oakville, Ontario, 
Canada) was administered in a dose of 1 mg SC 
beginning on cycle day 5, concomitant with the ad
ministration of hMG (Pergonal; Serono, Missis
sauga, Ontario, Canada or Humegon; Organon, To
ronto, Ontario, Canada), two ampules per day in 
women <35 years and three ampules 'Per day for 


women 2: 35 years. A subsequent 17 women received 
1 mg SC LA daily beginning in the midluteal phase 
up until cycle day 5 when a serum E2 concentration 
was determined. If the serum E2 level was <40 pgl 
mL (conversion factor to Sl unit, 3.67), the dose of 
LA was decreased to 0.5 mg/d and three or four am
pules of hMG were administered daily for women 
<35 years or 2:35 years, respectively (long protocol). 
Human chorionic gonadotropin (10,000 IU; Profasi; 
Serono) was administered 1M when at least two folli
cles were 2: 18 mm in diameter with serum E2 levels 
between 200 and 300 pg/mL per mature follicle, as 
we have described previously (10). 


Oocyte Retrieval 


Oocyte retrieval was performed 36 hours after the 
hCG administration by transvaginal ultrasound
guided needle aspiration under local anesthesia. Fol
licular fluid was aspirated into tubes containing hep
arinized HE PES-buffered human tubal fluid (HTF; 
Pharmascience Diagnostic Fertility Division, Mon
treal, Quebec, Canada). The oocyte-cumulus com
plexes were identified and washed in fresh HTF (Ir
vine Scientific, Santa Ana, CA) supplemented with 
human serum albumin to a final concentration of 
0.5% (HSA; 5% solution, universal standard prepa
ration, The Canadian Red Cross Society, Toronto, 
Ontario, Canada) equilibrated at 37°C in 5% CO2. 
The oocyte-cumulus complexes were washed and 
then placed into organ culture dishes (Falcon Prod
ucts, Becton Dickinson Labware, Bedford, MA) con
taining the same medium and incubated at 37°C in 
a 5% CO2 incubator for approximately 1 hour before 
removal of cumulus-corona cell complex. 


Cumulus-Corona Cell Removal 


Oocyte-cumulus complexes were placed in a 100 
p,L drop of HEPES-buffered HTF containing 80 IU 
hyaluronidase/mL (Type VIII From Bovine Testes; 
Sigma Chemical Co. St. Louis, MO) for 30 to 45 sec
onds as described previously (8). The oocyte then was 
removed from the hyaluronidase drop and placed in 
a 100-p,L drop of H,EPES-buffered HTF with 0.5% 
HSA. The corona cells were removed by gentle aspi
ration of the oocyte in and out of a sterile hand 
drawn pipette having an internal diameter of ap
proximately 175 to 200 p,m. When stripping was 
complete, the oocyte was washed in five 50 p,L micro
drops at 37°C of equilibrated B2 Menezo Media (B2; 
BioMerieux SA, Marcy l'Etoile, France) and then 
placed into fresh 100 p,L micro drops of B2 medium 
in petri dishes (Falcon, Becton Dickinson) covered 
with 3 mL of sterile equilibrated mineral oil (mouse 
embryo tested mineral oil, d = 0.84 g/mL; Sigma 
Chemical Co.). The oocytes then were assessed 
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Table 1 Clinical and Cycle Characteristics of Women in the Short and Long GnRH-Protocols* 


Protocol Age No. of ampules of hMGt Serum E2t Day ofhCG No. of oocytes 


Short (n = 17) 
Long (n = 17) 


y 


35.5 :!: 1.3 
35.1 :!: 0.9 


* Values are means:!: SEM. 


24.5 :!: 3.0 
30.2 :!: 1.9 


quickly for maturity using an inverted microscope 
equipped with Hoffman optics (Axiovert 135; Carl 
Zeiss Company, Oberkochen, Germany). 


Criteria for Oocyte Maturity 


The oocytes were assessed according to the criteria 
described by Veeck (11). Maturation stage was re
corded as follows: prophase I, germinal vesicle visi
ble, no polar body; metaphase I, no germinal vesicle 
visible, no polar body visible; metaphase II, no ger
minal vesicle visible, first polar body visible; postma
ture, polar body visible, degeneration of cytoplasm 
irregular. 


Intracytoplasmic sperm injection was performed 
only on metaphase II oocytes. Those oocytes that 
were not at metaphase II were matured in vitro until 
the first polar body was extruded before sperm injec
tion. 


Sperm Preparation 


Semen was applied to a discontinuous Percoll gra
dient (Pharmacia, Uppsala, Sweden) and centri
fuged at 1,800 X g for 15 minutes. The separated 
sperm fraction was removed and washed twice in 
HTF at 37°C. Immediately before injection, 100 Jl.L 
of the washed sperm fraction was placed into approx
imately 4 mL of HTF supplemented with CaCh 
2H20 to a final concentration of 5 mmol and centri
fuged for 5 minutes at 1,800 X g. The supernatant 
then was removed and the pellet was resuspended 
in 50 Jl.L of HTF supplemented with 0.5% HSA. 


Polyvinyl pyrrolidone (PVP; molecular weight 
360,000; Sigma Chemical Co.) was prepared to a con
centration of 10% (wtlvol) in HEPES-buffered HTF 
containing 0.5% HSA and filtered through a 0.8-Jl.m 
filter (Costar Corporation, Cambridge, MA). A small 
amount of 10% PVP solution was warmed to 37°C 
before dilution with the sperm specimen . 


Intracytoplasmic Sperm Injection 


Micro tools (holding pipettes and injection nee
dles) were fashioned from microcapillary tubes of r-
6 glass (Drummond Scientific Company, Broomall, 
PA) using techniques described by Van Steirteghem 
et al. (8). The injection procedure was carried out in 


pglmL 


2,608 :!: 304 13.1 :!: 0.5 11.9 :!: 1.3 
2,276 :!: 304 13.1 :!: 0.4 10.8 :!: 1.3 


t Conversion factor to SI unit, 3.671. 


sterilized double-depression glass slides. The ma
ture oocyte was contained in a 10-Jl.L drop of HE PES
buffered HTF with 0.5% HSA and covered with ster
ile warm 5% CO2 equilibrated mineral oil. The 
second depression contained a 4-Jl.L drop of the 10% 


. (wt/vol) PVP solution with a 1-Jl.L drop ofthe centri
fuged sperm suspension. The injection procedure 
was carried out on an Axiovert 135, equipped with 
Hoffman optics, lOx, 20x, and 40x objectives with 
lOx eyepieces (Carl Zeiss Company) and Narishige 
(Setagaya-ku, Tokyo, Japan) micromanipulators 
(MO-204 Joystick 3 Axis Hydraulic micromanipula
tor with extra 4th axis movement, MO 202 Joystick 
3 Axis Hydraulic micromanipulator, an IM-6 mi
croinjector, and an IM-5B for holder). 


The oocyte was attached to the holding pipette 
using slight negative pressure. The injection needle 
containing the sperm and PVP solution was brought 
into the focal plane and a single sperm was posi
tioned just at the tip of the microinjection needle. 
The next step was a slow, steady, and consistent 
movement into the cytoplasm of the ovum. The 
sperm then was deposited into the cytoplasm with 
approximately 1 to 3 pL of medium. The oocyte then 
was washed twice in B2 medium and incubated in 
a 50-Jl.L microdrop ofB2 medium covered with sterile 
warm equilibrated mineral oil at 37°C in a 5% CO2 


in air, 100% humidity environment. 


Assessment of Fertilization and ET 


Approximately 18 hours after injection, the 00-


cytes were checked for signs offertilization (two pro
nuclei or two distinct polar bodies). At 48 hours, em
bryos that had cleaved to the two-cell stage or 
further were identified and up to four embryos were 
transferred to the uterus in 30 Jl.L ofHTF containing 
0.5% HSA using a 3.5 French Tomcat catheter (Sher
wood Medical, St Louis, MO). Cleaving embryos in 
excess of four were cryopreserved. 


Statistics 


Statistical analysis of clinical characteristics was 
performed using the analysis tools package of Micro
soft Excel 4.0. (Microsoft Corp., Redmond, WA). Clin
ical characteristics of the two groups were analyzed 
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Table 2 The Number of Oocytes Retrieved and Their Stage of Maturity in the Long Versus Short GnRH -a Protocols 


Protocol 


Short (n = 17) 
Long (n = 17) 


No. of oocytes 


183 
203 


Prophase 1* 


24 (13) 
14 (7) 


* Values in parentheses are percentages. 


Metaphase 1* 


110 (60lt 
9 (4lt 


using the unpaired Student's t-test. All other analy
ses were performed using Fisher's exact test. 


RESULTS 


Cycle characteristics of the patients in the two 
groups are demonstrated in Table 1. The women in 
the short and long protocols were similar in age, 
serum E2 concentration on the day of hCG, day of 
hCG administration, and number of oocytes re
trieved. Although there was a tendency to require 
more ampules ofhMG in the long protocol, this trend 
did not reach significance. 


The maturity stages of the oocytes are illustrated 
in Table 2. Although the total number of oocytes 
retrieved was similar in the two groups, after strip
ping of the cumulus and assessment of nuclear ma
turity, there was a striking difference in the propor
tion of mature oocytes (metaphase II) collected 
between the short and the long groups (25.6% versus 
80.8%, respectively; P = 0.0002). 


Intracytoplasmic sperm injection was performed 
immediately on the metaphase II oocytes in both 
groups. However, the majority of oocytes retrieved 
from the women in the short group were immature 
and therefore required maturation by in vitro incu
bation (3 to 22 hours) before ICSI (85/132). The re
sults of the ICSI procedure are shown in Table 3. 
Nine cleaved embryos were obtained from the 132 
oocytes injected in the short group (6.8%) compared 
with 36 cleaved embryos from the 152 oocytes in
jected in the long group (23.7%; P = 0.00006). 


Table 4 compares only the metaphase II oocytes 
that were retrieved and injected immediately in both 
the short and the long group. Although the minority 
of oocytes retrieved from the women in the short 
group were metaphase II and therefore appropriate 


Metaphase II* 


47 (26) 
164 (81) 


t p < 0.001. 
:j:P < 0.001. 


Postmature* 


2 (1) 
16 (8) 


Metaphase II per total 


% 


25.6:j: 
80.8:j: 


for ICSI immediately after retrieval, when compar
ing only the metaphase II oocytes between the same 
groups there remained a significantly higher fertil
ization and cleavage rate in the long versus short 
groups. 


The number of embryos obtained and transferred 
is shown in Table 5. Significantly more cycles re
sulted in transfer in the long group (12/17) compared 
with the short group (5/17; P = 0.02). Furthermore, 
two women in the long group had extra embryos 
available for cryopreservation compared with no 
women in the short group. Eight of nine embryos 
transferred to the women in the short group were at 
the two-cell stage whereas 23 of 36 embryos trans
ferred in the long group were at the four-cell or 
greater stage of cleavage. 


DISCUSSION 


Although the first successful human in vitro con
ception was achieved with a natural cycle, effective 
superovulation is felt to be essential for successful 
IVF, as PRs are related to the number of good quality 
oocytes and, subsequently, cleaving embryos trans
ferred to the uterus. The key to superovulation is 
the use of exogenous gonadotropins to effect multiple 
follicular recruitment. Before the incorporation of 
GnRH-as into stimulation protocols for IVF-ET, 15% 
to 30% of cycles were canceled because of premature 
LH surges (12). Since the original description of the 
use of gonadotropins with GnRH-a for ovarian stim
ulation in IVF (13), the method has gained wide
spread popularity and is used by most IVF centers. A 
recent meta-analysis of randomized controlled trials 
confirmed the decrease in canceled cycles and in
crease in PR per cycle with the use of GnRH-a and 


Table 3 Results of lCSl in the Oocytes Recovered From Women Receiving the Short and Long GnRH-a Protocols 


No. of oocytes No. of decondensed Two One Cleaved embryos 
Protocol injected sperm pronuclei pronucleus for transfer 


Short 132 25 12* 2 9t 
Long 152 21 43* 1 36t 


* P < 0.001. t P < 0.0001. 
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Table 4 Comparison of ICSI Performed on Metaphase II 
Oocytes That Were Retrieved and Injected Immediately in 
Women Receiving the Short and Long GnRH-a Protocols 


Protocol 


Short 
Long 


No. of metaphase II 
oocytes injected 


43t 
152t 


* Values in parentheses are percentages. 


Cleaving 
embryos* 


3 (7.0)t 
36 (23.7)t 


t Number ofMll oocytes injected are less than totals retrieved 
as some patients donated oocytes or chose to split them between 
standard IVF and intracytoplasmic sperm injection. 


tP < 0.05. 


therefore supports the routine use of GnRH-a for 
IVF (14). 


However, the optimum timing of GnRH-a admin
istration remains uncertain. The two main protocols 
are the long protocol (pituitary down-regulation and 
ovarian quiescence before hMG administration) and 
the short protocol (concomitant follicular phase ad
ministration of GnRH-a and hMG). Although the 
long protocol is used the most widely, most studies 
suggest that, in routine IVF, the outcome with re
spect to clinical PR per cycle started, or per ET, is not 
significantly different between the long and short 
protocols (4-6,14). This is particularly important in 
the present era of economic restraint, as some stud
ies have found the long protocol to require more am
pules of hMG and therefore to be more expensive (4, 
6,7, 14). 


Most studies comparing the long and short GnRH
a protocols for routine nonmicromanipulated IVF 
have focused on the number of oocytes retrieved and 
fertilization rates. Few have compared differences 
in oocyte maturity between the two protocols. Those 
that have evaluated oocyte maturity generally have 
not detected a difference (6, 7). However, with rou
tine IVF, oocyte maturity usually is determined by 
the assessment of cumulus-corona dispersion. This 
technique has been shown to be inaccurate compared 
with direct nuclear assessment of the stage of mei
otic progression after stripping of the cumulus (15) . 
During routine IVF, oocytes surrounded by cumulus 
are inseminated with an aliquot of sperm and fertil
ization is verified, generally between 18 and 20 
hours later, by stripping the cumulus and identi
fying the presence of two pronuclei. The exact time 
of fertilization is not known. Precise assessment of 
the progression of the oocyte through meiosis before 
insemination is less critical, therefore, because oo
cyte maturity can progress in vitro and fertilization 
likely occurs when the oocytes are mature. 


This study is the first of which we are aware to 
assess accurately nuclear maturity of oocytes imme
diately after retrieval after a short or long GnRH-a 


IVF stimulation protocol. In the present study, the 
immediate stripping of the cumulus cells sur
rounding the oocyte, as required to perform ICSI, 
allowed an accurate comparison of nuclear maturity 
after these two protocols of GnRH -a administration. 
We found a significantly greater proportion of 00-


cytes to be immature (prophase I and metaphase 1) 
after the short protocol than after the long protocol, 
despite identical criteria for timing of hCG adminis
tration. 


As only mature (metaphase II) oocytes are suitable 
for ICSI (16, 17), the majority of the oocytes har
vested after a short protocol required in vitro matu
ration before ICSI. It is possible that in vitro matura
tion of oocytes before ICSI and after hyaluronidase 
treatment may be detrimental to the oocytes. This 
step is not performed on immature oocytes in stan
dard IVF. It therefore is possible that the poorer 
fertilization and cleavage rate noted after ICSI per
formed on oocytes retrieved after a short GnRH-a 
stimulation protocol is a result of such treatment 
on oocyte quality. Exposure to hyaluronidase can be 
deleterious to the oocytes and has been demon
strated to induce parthenogenetic activation more 
frequently than occurs with standard IVF (18). How
ever, as only mature oocytes (metaphase II) can be 
used for ICSI (16, 17), it is therefore most important 
to use a stimulation protocol that will harvest as 
many mature oocytes as possible that are immedi
ately suitable for ICSI. In the present study, if in 
vitro maturation of immature oocytes was not per
formed, very few oocytes (n = 47) would have been 
available for ICSI in the short group. Although the 
number of metaphase II oocytes retrieved after the 
short protocol and suitable for immediate ICSI is 
small (Table 4), comparing this subgroup alone dem
onstrates lower fertilization and cleavage rates in 
the short protocol group, suggesting that oocyte 
quality is hampered directly by this protocol when 
ICSI is applied. 


One of the arguments for using a short protocol is 
to take advantage of the initial endogenous rise in 
gonadotropins stimulated by GnRH-a and, therefore, 
to decrease the amount of exogenous gonadotropin 


Table 5 Cycles Resulting in ET and the Number of Embryos 
at Each Cleavage Stage Mter Intracytoplasmic Sperm Injection 
in the Short and Long GnRH-a Protocols 


Protocol 


Short (n = 9) 
Long (n = 36) 


Two
cell 


8 
13 


Four
cell 


1 
18 


More than 
four-cell 


o 
5 


* Values in parentheses are percentages. 
t P < 0.05. 


ET 
cycles* 


5/17 (29)t 
12/17 (70)t 
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required (4,6, 7, 14). Previous evaluation of gonado
tropin and steroid serum concentrations during the 
stimulation phase ofIVF-ET have confirmed this en
dogenous rise in LH, as well as in androgen and P 
concentrations, when a short GnRH-a protocol is used 
(3, 19, 20). There is a considerable amount of data 
supporting the adverse fertility effect of exposure to 
high LH concentrations during folliculogenesis. In a 
small randomized study, Loumaye et al. (19) noted a 
decreased fertilization rate and reduced embryo qual
ity in association with the elevated serum LH and P 
concentrations concomitant with the short protocol 
(19). San Roman et al. (3) reported similar fertiliza
tion and clinical PRs but a higher spontaneous abor
tion rate after the short protocol (3). 


Stanger and Yovich (21) and Howles et al. (22) 
noted decreased fertilization rate, decreased clinical 
PR, and increased spontaneous abortion rate in asso
ciation with elevated follicular phase LH levels dur
ing IVF-ET. In non-IVF-ET conceptions, elevated 
follicular phase LH concentrations have been associ
ated with decreased conception rates and increased 
spontaneous abortion rates in both regularly cycling 
women (23) and women with the polycystic ovarian 
syndrome (24). 


Increased LH concentration during superovula
tion has been associated with increased follicular 
fluid androgen concentrations (3, 25) and an andro
genic follicular microenvironment appears to be det
rimental for healthy oocyte development. It has been 
postulated that premature luteinization or increased 
follicular androgen production, as a result of ele
vated LH concentrations during the follicular phase, 
adversely impact development of the oocyte. It is 
possible that a similar rise in endogenous LH, oc
curring during a short GnRH -a protocol, may be par
ticularly detrimental to oocyte development when 
plentiful mature oocytes are required for ICSI. 


We must mention two main limitations of the pres
ent study. The first is the limited sample size. Al
though only 17 women in each group were evaluated, 
a large number of oocytes was retrieved, assessed, 
and exposed to ICSI, allowing statistical evaluation 
of the results. The second limitation is the nonran
domized nature of the study. However, although the 
two groups were treated sequentially, the percent
age of damaged oocytes in the two groups was simi
lar (10% to 12%), suggesting that the technical 
aspects did not differ between the two groups. Fur
thermore, although technical improvements in the 
ICSI procedure itself theoretically could influence 
the fertilization rate or even cleavage rate, they 
would not affect the assessment of oocyte maturity, 
which is performed before ICSI. 


As the ICSI program was still in its infancy at the 
time of this analysis, there were no pregnancies in 


either group (17 ETs in total). At the present time, 
we are using a long protocol exclusively and our 
fertilization rate averages 60% with a PR of 23% 
per ET. 


In summary we found that accurate assessment 
of oocyte maturity by direct nuclear examination 
demonstrated a significantly higher percentage of 
mature oocytes (metaphase II) retrieved during IVF
ET after a long GnRH -a protocol than after a short 
GnRH-protocol. Intracytoplasmic sperm injection 
performed on these oocytes resulted in a higher fer
tilization rate, cleavage rate, and ET rate when the 
oocytes were retrieved after a stimulation using a 
long GnRH-a protocol. We suggest that for IVF-ET 
using ICSI, in which timing offertilization is precise 
and a high proportion of mature oocytes (metaphase 
II) are required, a long GnRH-a protocol should be 
used. 
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