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Dear Colleagues and Friends, 

The “Academy of Clinical Embryologists (ACE)” is the only national society for embryologists founded in 2010. It started 

with a group of eminent Embryologists of the country with commitment to create awareness, research, training in the 

field of reproductive Biology and Clinical Embryology. Our society offers a common platform for the professionals 

working in the field of Assisted Reproduction to interact and share their knowledge and views. Today, the society has 

350 members  and it is increasing day by day.   

From the beginning society started conducting academic events for embryologists and other professionals which has be-

come a great success and then a demand was created for more such activities. Our workshop series on Semen Analysis 

WHO 2010 Criteria under the guidance from Dr Daniel was indeed a milestone. In coming days we are planning to have 

similar series of workshops on other important aspects of embryology like Quality control and Laboratory management. 

We as an embryologist forms backbone of any ART center and thus we have to work hard and get involved in overall 

management. There is lot of expectation from embryologists and there are no defined areas of work for embryologists. In 

this connection our scientific committee under guidance of Dr Alex (Chairmen, Scientific Committee) and Dr Sanjay 

Shukla (Chairman academics) are working to bring the Guidelines for Embryologists. It will clearly define responsibili-

ties of Embryologists. 

I am Glad to announce that society now has its own full working office in Dehli. This will help us to interact with our 

members more frequently and address their issues. This responsibility of running our office is voluntarily taken up by Dr 

Ved Prakash who is now Admin officer of ACE. Similarly Dr Sushil Chopra has accepted to be treasurer of the society. I 

wish both of them best wishes. Our all core committee members in spite of their busy schedule are taking time out for 

ACE activities. I request all members to be active in the society. ACE welcomes new ideas especially from the young 

embryologists.. 

 An academic society is said to be successfully established when it has its own journal and publication. This helps society 

to share their ideology and good work of its members with the rest of  professionals. We have started with our quarterly 

news letter which always remains informative and innovative under our efficient editorial board . This issue is also pre-

sented with selected articles from eminent scientists. I promise that it will be informative and of help to our members as 

always .   

I would also like to invite you all  on Behalf of ACE and Local organizing committee headed by Dr Alex in its 4th inter-

national conference on Embryology and reproduction to be held in Kochi from 18th to 20th September. This is going to be 

a great scientific event with deliberations and didactic sessions from senior scientists and unique workshops. I promise 

you that  it will be an unforgettable experience. 

Let’s work with hand in hand towards betterment of Embryology and its professionals to achieve new goals in the field. 

Thanks 

Charudutt Joshi, 
President, ACE 
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Editorial 

Academy of Clinical Embryologists of India has been alive and heading towards its fifth year.  

At this point in time, all our efforts  are to strengthen the society and in laying a strong foundation and am sure with all your 

support and the confidence we shall be able to achieve all our goals and dreams in coming years.   

In this issue of newsletter, we bring you a comprehensive write-up about the azoospermia and its  laboratory aspects. Col. 

Pankaj Talwar  has  scripted this article on my request especially considering beginners in the clinical embryology.  

Dr Kiri Beilby describes of how commercial  culture media are developed and how the  scientists  are tirelessly working in 

their labs to  achieve the most optimum culture media system for human pre-implantation embryos. 

Dr Howard Jones,  the pioneer of IVF in the US, passed away last month. The Academy of Clinical Embryologists of India ex-

presses deep grief on his departure and acknowledges Dr Jones’s contribution in the field of reproductive medicine.  

ACE India also mourns on the sad demise of Dr APJ Abdul Kalam, a scientists extraordinary who also had a keen interest in 

reproductive biology besides astrophysics and nuclear science. 

Wish to see you all at ACE 2015 at Kochi. 

Dr Sanjay Shukla 
shuklasan@gmail.com 



G 
one are the days of white coat clad scientists dictating 

the ‘right’ culture medium to use. Throughout the past 

30 years we’ve seen remarkable developments in the 

field of IVF where not only the composition of media has evolved, 

but also in the way we use media. For instance there is now a 

tendency across markets to culture in smaller volumes, for longer 

periods, and continuously without medium refreshment.   

We have focused closely on media development in recent years. It 

can be said that even after 50 years of media development, no 

medium available today is truly optimized for human embryo 

culture. The challenge remains in the millions of permutations 

and combinations of media compositions. However, incremental 

evidence-based changes can be made by examining media use 

over the past 2 decades. The following composition changes have 

become highlighted in the literature as just some of the ways we 

can move forward with media compositions:  

Adjustments of energy substrates in fertilization media. 

Pyruvate and glucose together support optimized motil-

ity and capacitation in spermatozoa. Pyruvate, glucose 

nor lactate alone can meet the energy requirements of 

spermatozoa (Hereng et al. 2011; Sutton-McDowall et 

al. 2010).   

The addition of amino acids to fertilization media. Amino 

acids act as osmolytic and intracellular pH regulators, 

have a primary role in biosynthesis, and also act as an 

energy source. The importance of amino acids in all 

culture media from oocyte retrieval to transfer has be-

come more pronounce in recent years (Gardner et al. 

2000; Biggers et al. 2004). 

Optimized organic osmolyte concentration. Organic os-

molytes like glycine and taurine provide intracellular 

osmotic support and have been shown to assist in bet-

ter embryo development (Baltz et al.2010). 

The addition of specific vitamins. Pantothenate is essen-

tial for CoA biosynthesis and has been shown to in-

crease embryo development, and folic acid plays an 

important metabolic role as a donor of methyl groups in 

DNA synthesis and repair. Both vitamins stand out as 

important culture media components (McKiernan et al. 

2000; O’Neill, C. 1998; Koyama et al. 2012). 

The addition of sodium hyaluronate. Hyaluronate has 

been shown to increase cell-to-cell adhesion and cell-to-

matrix adhesion, leading to an increase in implantation 

and clinical pregnancy rates in many studies (Bontekoe 

et al. 2010).  

Simplicity and specificity have also been part of culture media 

development, the industry more frequently asking for a single 

medium specifically designed for continuous culture following 

fertilization until day 5/6 of embryo development. The ease of 

using uninterrupted culture for time lapse imaging was an obvi-

ous aim in media progression, but reducing risk through simplifi-

cation was also an important project aim. The formulation focus 

areas in the development of our  single-step medium are summa-

rized in the table . Our focus is to deliver quality products to IVF 

laboratories across the globe, to enhance the work of ART profes-

sionals to the benefit of their patients. Through close observation 

of what the market requires, and continual refinement of our 

media products to incorporate the latest peer reviewed research, 

we strive to achieve this.  

Modern day media development   

International Product Manager (culture media), ORIGIO A/s Denmark 

Kiri Beilby (Ph.D.) 

Kiri is a graduate from the University of Sydney, who joined ORIGIO Australasia as a product consultant in 2010. Kiri 

wrote her Ph.D. on the function and fertility of spermatozoa that have been sex-sorted for use in animal breeding pro-

grams. She has worked at the University of Sheffield studying the maternal-gamete interactions between sperm and 

the reproductive tract; and within the School of Veterinary Medicine, Hannover, quantifying the gene expression of in 

vitro and in vivo produced embryos. Following a short-term lectureship in reproductive endocrinology at the University 

of Sydney, Kiri completed a graduate diploma in science communication at the Australian National University. In 2013, 

Kiri moved to Copenhagen to work as a product manager of culture systems for ORIGIO a/s, with the aim of advancing 

the commercial culture media available today, through strong communication between global markets and industry. 
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Focus Area Component specifications Outcome 

Robustness of the  
medium 

Use of pharmacopeia graded 
materials (when possible). 

To minimize batch to batch variation. 

Ready to use 
Protein added to medium before 
product release. 

Quality control can be performed on final product. 

Ionic composition High Mg2+ to Ca2+ ratio. 
Magnesium inhibits calcium influx (induced by culture stress). Reduced intracellular 
calcium levels can help to avoid dysfunctional cellular metabolism and impaired 
embryo development (Lane & Gardner 2000; Lane & Gardner 2005). 

Energy substrates 
D-glucose and L-lactate opti-
mized for both cleavage and 
blastocyst culture. 

High glucose may be detrimental for cleavage stage embryos and needs to be bal-
anced for continuous culture conditions (Conaghan et al.1993; Quinn 1995). 
Vital pyruvate uptake in cleavage stage embryos is negatively affected by high lac-
tate (Lane & Gardner 2000). By providing only the bioavailable form of lactate, the 
overall amount can be reduced, also improving the intercellular pH regulation (Quinn 
2012; Edwards et al. 1998). 

Ammonium build-up in 
medium 

L-glutamine and  L-Alanine re-
placed by the stable L-Alanyl-L-
Glutamine (Ala-Gln) 

Ammonium build-up in the medium regulated by two mechanisms: 
1) Decreased ammonium production due to the use of a stable glutamine source (Ala
-Gln). 
2) Removal of ammonium due to low alanine content (pyruvate + ammonium ↔ ala-
nine; Orsi et al. 2004). 

Mechanical protection 
of the embryo 

The medium contains hyalu-
ronate in combination with HSA 

Hyaluronan in combination with HSA has been found to increase embryo develop-
ment and to improve embryo cryosurvival (reviewed by: Lane & Gardner 2006). 

Figure 1. Development focus areas for SAGE 1-Step™. 



A 
zoospermia is defined as the complete absence of 

sperm in the ejaculated semen sample examined on 2 

different occasions with appropriate sexual abstinence. 

Its incidence is 1% amongst men and close to 20% in men seek-

ing fertility treatment. 1  

It is classified into: 

1. Non-obstructive Azoospermia (NOA): includes pre-

testicular and testicular azoospermia (Fig.1) In these 

patients, testicular FNAC/ biopsy findings are Sertoli 

cell-only pattern, maturation arrest, or hypospermato-

genesis depending upon the etiology leading to azoo-

spermia. Various studies demonstrated that sperm are 

produced in the testes of men with azoospermia but 

they are unable to survive epididymal transit and ejac-

ulation. 2 The view that sperm acquires the capacity to 

fertilize the oocytes during its transport through the 

reproductive tract was discarded with the successful 

use of sperm retrieved from testis / epididymis of men 

with obstructive azoospermia These findings along 

with the development intracytoplasmic sperm injec-

tion technique (ICSI) gave a ray of hope to patients 

who were previously labeled as sterile. 

 

2. Obstructive Azoospermia (OA): also known as post-

testicular azoospermia. In these patients, sperm are 

produced but not ejaculated due to an obstruction in 

the post-testicular genital tracts (Fig. 2). It affects 7-

51% of azoospermic men.1 

 

We will briefly discuss the etiology of Azoospermia : 

1. Non-Obstructive Azoospermia:  

A. Pretesticular: deficient gonadotropin drive – low FSH 

B. Androgen resistance: familial pseudohermaphroditism 

C. Testicular failure: no spermatogenesis – raised FSH 

 

2. Obstructive Azoospermia / Post-testicular duct obstruc-

tion: functional sperm usually present, size of testes is normal, 

FSH is not raised. 

3. Idiopathic: association with obesity [obese (odds ratio 1.3) 

and morbidly obese (odds ratio 2.0)] 3 

4. Retrograde Ejaculation: post-ejaculatory urine needs to 

be examined for presence of sperm. 

 

Approach to a patient of Azoospermia 

1. First confirm that the patient is truly azoospermic by 

centrifugation of the semen sample with meticulous 

microscopic examination of the pellet on two different 

occasions. 

2. The presence of any sperm in the pellet rules out bilat-

eral ductal obstruction, and the patient should be eval-

uated for oligospermia and not azoospermia. 4  

3. After a febrile illness, spermatogenesis may be im-

paired for up to 3 months. 5 In patients with abnormal 

semen analyses and a history of a systemic illness 

Azoospermia 
Col Pankaj Talwar # and Sarabpreet Singh* 

# 
Department of Obs & Gynec, Assisted Reproductive Technology Center, Army Hospital (Research & Referral), New Delhi.  

* 
Department of Reproductive Medicine, Artemis Health Institute, Gurgaon, Haryana

 

Key words: Azoospermia, surgical sperm retrieval, TeSA: testicular sperm aspiration, TeSE: testicular sperm extraction, Open microscopic surgery (MESA), PESA: 

percutaneous epidydimal sperm aspiration, sperm cryopreservation, intracytoplasmic sperm injection (ICSI) 
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within 3 months of the evaluation, additional semen 

analysis should be obtained over a 3- to 6-month peri-

od to adequately assess the patient's baseline fertility 

status. 

4. It has been seen that 10-20% patients of non-

obstructive azoospermia have usable sperm for ICSI. 

Therefore, repeat a semen analysis on the day testicu-

lar biopsy has been planned. 

5. Establish the cause of Azoospermia – non obstructive 

or obstructive. Appropriate history, physical examina-

tion and hormonal analysis should be carried out.  

6. Genetic evaluation especially karyotype and Y chromo-

some microdeletion analysis is recommended in pa-

tients with azoospermia and sperm concentrations less 

than 10million per ml before planning assisted repro-

duction treatment: 

 

a. Y chromosome (Yq) microdeletions have 

been shown to be associated with male infer-

tility. Genetic counseling should be carried 

out in such patients, as the Y chromosome 

deletions will be passed on the male child 

produced through assisted reproduction 

techniques. 6 

1. AZFa deletions: Approximatedly, 9-55% cases of ser-

toli cell only syndrome are caused by deletions in the 

AZFa region. 7  

DBY is the gene in the AZFa region that is deleted in all 

patients with severe impairments of spermatogenesis. 8 

2. AZFb deletions: The AZFb region appears to be critical 

to completion of spermatogenesis. 9 These deletions 

have been shown to cause the arrest of spermatogene-

sis at the primary spermatocyte stage. These severely 

affect the chances of finding sperm in the ejaculate or 

TESE.  

3. AZFc deletions: these deletions don’t affect sperm 

production in the testis severely. They are associated 

with oligozppspermia but with advancing age patient 

can present as azoospermia. TESE has got a very good 

outcome in patients with AZFc deletions.  

 

Prognostic value of AZF deletions: It is difficult to find sperm 

in patients with AZFa and/or AZFb microdeletions, in spite of 

the method employed. Hence, sperm retrieval is not advised. 10 

However, sperm retrieval is successful in patients in 70% pa-

tients with AZFc Yq microdeletions and chances of fathering a 

child by ICSI are high. 11 

5. Diagnostic Biopsy in Non-azoospermia patients: 

The definitive diagnosis of NOA can only be established after a 

testicular FNAC / biopsy. The biopsy results are reported in 

terms of Johnsen score, which is an assessment of: 

1. degree of spermatogenesis found in a biopsy:  

2. number of tubules seen  

3. each tubule is given a score for the most ad-

vanced stage of spermatogenesis 

Johnsen Score: 

1 = no seminiferous epithelial cells, tubular sclerosis  

2 = Sertoli cells only, no germ cells 

3 = spermatogonia 

4 = no spermatids, few spermatocytes, arrest of spermatogene-

sis at the primary spermatocyte stage  

5= no spermatids, many spermatocytes  

Fig. 1. Diagram of the hypothalamic-pituitary- testis axis  

 

Photo Courtsey  :Treatment of male infertility secondary to morbid obesi-
ty, Mara Y Roth, John K Amory and Stephanie T Page. Nature Clinical 
Practice Endocrinology & Metabolism (2008) 4, 415-419 

Fig. 1. Diagram of the human testis showing seminiferous tubules.  

 
Cortsey : Holstein, A.-F., Schulze, W., & Davidoff, M. (2003). Understanding 
spermatogenesis is a prerequisite for treatment. Reproductive Biology and 
Endocrinology : RB&E, 1, 107. doi:10.1186/1477-7827-1-107 



6= few early spermatids, arrest of spermatogenesis at the sper-

matid stage  

7= many early spermatids  

8= few late spermatids  

9= many late spermatids, disorganized tubular epithelium  

10= full spermatogenesis  

 

Mean Johnsen score (MJS) = it is an average of all the tubules 

assessed, i.e.: 

MJS = 2 is the Sertoli cell only syndrome 

MJS = 8–10 is normal spermatogenesis 

MJS between 2 and 8: varying degrees of subnormal spermato-

genesis. 

The mean Johnsen score correlates significantly with the testicu-

lar volume (r=0.64, P<0.001). The probability of retrieving sper-

matozoa decreases significantly in patients with a mean Johnsen 

score <5, though this is not absolute and other indices such as 

testicular volume and serum FSH do influence the chances of 

sperm retrieval. 12 

 

6. The most mature spermatogenic pattern and not the 

predominant pattern affect the result of sperm retriev-

al. For e.g the chances of retrieving spermatozoa re-

trieval are much higher in a patient with hypospermat-

ogenesis followed by one with maturation arrest and 

one with sertoli cell only syndrome. 13 

7. TESA should preferably be done on the day of ovum 

retrieval as:  

a. The proportion of motile sperm reduces in 

thawed samples present post thawing reduc-

es and at times, immotile sperm may be used 

for ICSI as there may not be any motile sperm 

in some thawed samples. (Fisher et al., [abstr 

O-190] ESHRE annual meeting, 1998). 

b. Significantly lower pregnancy rate of 8% 

(+hCG/transfer) when immotile frozen-

thawed spermatozoa were injected versus a 

pregnancy rate of 30% when motile frozen-

thawed testicular spermatozoa were injected. 

c. Testicular sperm from men with NOA have 

impaired function as seen by poor embryo 

cleavage after use of immotile spermatozoa, 

despite reasonable fertilization rates, higher 

spontaneous abortion rate post implantation. 

(abstract O-181, ESHRE annual meeting, 

1998) 

 

8.  Repeat sperm retrieval should be done after 6 months 

of first TESE/TESA to maximize the chances of sperm 

retrieval as :  

a. when performed within 6 months of first TESE, the 

chances of retrieving sperm are 25% of cases if performed 

within 6 months, versus 80% of cases if performed after 6 

months of an initially successful TESE for NOA.  

b. It minimizes the risk of devascularization of the testis  

9.  It is advisable to carry out the sperm retrieval on the 

day of ovum retrieval to maximize the potential to 

retrieve viable spermatozoa for ICSI. However, prior 

testicular biopsy is done in the following cases:  

 

a. To establish the etiology of non-obstructive azoo-

spermia. 

b. There are chances of not obtaining sperm in men with 

NOA. Some azoospermic patients who are not willing 

for donor sperm prefer to cryopreserve their surgically 

retrieved sperm before going ahead with ovarian stim-

ulation. In case no sperm is retrieved, ovarian stimula-

tion is not commenced.  

c. Some patients with OA prefer reconstruction to sperm 

retrieval-ICSI. In such cases, at the time of reconstruc-

tion, testicular biopsy can be done and sperm cryo-

preserved as well. 

d. Different genetic abnormalities are associated with OA 

and NOA. Therefore, appropriate genetic tests cannot 

be carried out without knowing which defect we are 

looking for.  

10.  Patients should be counseled that preoperative param-

eters like testicular volume; FSH levels and even the 

histology of a diagnostic biopsy are only indicative and 

not predictive about chances of sperm retrieval in NOA 

patients. On an average, there is 60% likelihood of re-

trieving sperm but patients have to go ahead with 

ovarian stimulation and therefore, couples should be 

counseled for the use of donor sperm, if required, to 

maximize the IVF cycle. 

 

11.  Medically and surgically correctable diseases such as 

hormonal abnormalities and varicoceles abnormalities 

found on evaluation should be taken care of at-least 3 

months prior to attempted TESE. Similarly, gonadal 

toxins should also be avoided 3 months prior to TESE. 

 

12. Depending upon the histopathology report of testes and 

genetic analysis, the patient should be taken up for 

surgical sperm retrieval and most appropriate tech-

nique (TESA / TESE / micro-TESE) decided. 

Sperm retrieval techniques (SRTs) 

Sperm retrieval techniques (SRTs) are surgical methods that 

have been developed to obtain spermatozoa from the epididy-

mis and testicles of azoospermic men seeking fertility treatment. 

The use of non-ejaculated sperm and intracytoplasmic sperm 



injection (ICSI) has become an established procedure for pa-

tients suffering from azoospermia. 

The technique of testicular sperm extraction was first intro-

duced in 1993. The first birth after using frozen epididymal 

sperm and testicular sperm for ICSI was achieved in 1995 and 

1996 respectively. 14 

 

Three main goals should be accomplished during sperm 

retrieval:  

i. Acquisition of an adequate number of sperm for both 

immediate use and cryopreservation 

ii. Retrieval of the highest quality of sperm 

ii. Minimizing the damage to the reproductive tract  

 

Epididymal sperms are obtained by: 

 

I. Open microscopic surgery (MESA) or  

II. Percutaneous puncture (PESA): a 21-gauge “butterfly” or 

equivalent needle is used to aspirate fluid. (Fig. 3) 

Epididymal Aspirates are suspended in the buffered media (Fig. 

4). Usually, high sperm numbers with pure fraction of spermato-

zoa are obtained and the sample can be prepared by density 

gradient centrifugation or single wash at low RPM. 

Testicular sperm is obtained by:  

I. Open biopsy (testicular sperm extraction, TESE) (Fig. 5) or 

testicular sperm aspiration, TESA) (Fig. 6) 

II. Percutaneous needle biopsy (testicular fine needle aspiration, 

TEFNA) 

Usually, seminiferous tubules are obtained (Fig. 7). Post prepa-

ration, the result can either be: 

1. No sperm retrieved. (Fig. 8) 

2. Few motile/immotile spermatozoa retrieved. 
(Fig. 9) 

3. Only RBCs seen (Fig. 10) 

After appropriate preparation, live testicular sperm can be iden-

tified and ICSI attempted. (Fig. 11) 

Incubation 

The testicular suspension is incubated in the buffered media for 

sperms to gain motility especially in cases of OA, where quite a 

good number of motile sperms are obtained after 24 hours of 

incubation. Van den Berg recommended incubation at 32° C in 

place of 37° C. 15 Some clinics carry out the biopsy procedure 

one day prior to ovum pick up, if fresh sperms are to be used.  

It is also recommended to incubate the biopsy sample for 24 

hours post retrieval and then cryopreserved. This technique 

gives a higher proportion of motile sperm post thawing.  

 

Processing (dis-aggregation) 

The samples obtained after surgical removal should be pro-

cessed to facilitate release of the sperm. Various methods are 

being used by biologist worldwide depending upon personal 

experience and choice. 

Mechanical procedures: Tubules are ruptured to release 

sperm. This is achieved by:  

 

I. Shredding the tissue with sterile glass slides  

II. Needle dissection and teasing (Fig. 12) 

III. Dissection of the tissue using micro-scissors (Fig. 4) 

IV. Macerating the tubules with a micro-grinder 

 

Enzymatic procedures 

The enzymatic procedures are employed if mechanical treat-

ment fails.  

 

A. Collagenase type I or IV is used to degrade collagen in base-

ment membrane and matrix especially in NOA patients. 16, 17, 18 

Collagenase IV has been shown to result in higher number of 

intact sperm cells compared to collagenase I and its use is rec-

Fig. 3. Percutaneous Epididymal Aspiration 
(PESA) being performed 

Fig. 4. Testicular/Epidydimal Aspirates 
suspended in buffered media 



ommended to decrease the number of sperm recovery failures. 
17 

  

B. Erythrocyte-lysing buffer is used in aspirates where visuali-

zation of sperm is hampered by the presence of numerous RBCs. 

Treatment with RBC buffer enhances the efficiency of sperm 

collection in such surgically retrieved samples. Treatment with 

RBC buffer doesn’t affect fertilization and subsequent embryo 

development. 19 

Mechanical procedure 

 

Method and processing 

 

I. The procedure can be performed at room temperature or at 

37° C. 

II. Testicular tissue is obtained by TESA/TESE  

III. With the help of a sterile 3ml pipette (BD Falcon 357575), 

rinse the tissue in HEPES based sperm-washing medium, gamete 

buffer media (Code K SIGB, William A Cook, Australia pty. ltd.) to 

remove the blood and transfer it to a sterile petri dish –BD Fal-

con 353037 containing fresh HEPES based media. 

IV. Seminiferous tubules can be appreciated in the biopsy sam-

ple under the dissecting microscope (stereoscope). (Fig. 7) 

V. The sample is teased and spread out using fine forceps and 

dissected into small lengths of 1cm or less. Now, squeeze them 

out from the middle to an open end.  

VI. Alternatively, mince the sample with surgical needles (Fig. 

12) or sterile curved iris scissors (Fig.4) under the stereomicro-

scope in order to release the spermatozoa from the tubuli. 20 

VII. Take care that the tissue is kept moist with the sperm-

washing medium during mincing. 

VIII. Examine the suspension under the inverted microscope at 

400x magnification. 

IX. Testicular sperm are seen intermingling with seminiferous 

tubules and sertoli cells. They are usually immotile though mo-

tile sperms may be encountered.  

X. Load the testicular suspension into a conical test tube and 

allow larger cells and tissue pieces to sediment for one minute.  

XI. The supernatant medium is aspirated and processing de-

pends upon the number of sperm obtained.  

XII. 2.0 ml sperm-washing medium is added to the larger frag-

ments and aspirated in a 5ml syringe.  

XIII. Then it is made to pass through a 21-gauge needle repeat-

edly to dissociate the seminiferous tubules and releases the 

sperm from the lumen. 

XIV. Depending upon the sperm count, they can be prepared by 

either:  

a. Single density gradient (if large numbers of sperm are found) 

b. Centrifuging at low speed after adding sperm processing me-

dia (low sperm count). This concentrates sperms in a small vol-

ume, which is added to microdroplets in the ICSI injection dish. 

Motile spermatozoa swim out to the periphery of the drops.  

c. Directly picking the sperm under microscope, collecting and 

pooling live sperms in another drop of medium. 

 

Enzymatic procedures: enzymatic digestion of testicular diges-

tion is used when: 

 

I. No spermatozoa are found,  

II. Only immotile spermatozoa are seen 

III. After mechanical preparation, spermatozoa attached to other 

cell types are observed in the suspension  

 

Collagenase type IV  

We recommend the following products from the Gynermed Me-

diaLine: 21 

 GM501 Collagenase 

 GM501 SpermAir 

 

Fig. 5 showing Testicular Sperm Extraction (TESE) Fig. 6 showing Testicular Sperm 
Aspiration (TESA) 

Fig. 7 showing convoluted seminif-
erous tubules after TESA/TESE 



1. Aspirate 1.5 ml GM501 Collagenase out of the bottle, fill into a 

5 ml round bottom tube & allow it to warm to 37°C.  

2. Fill 4.5 ml sperm preparation medium (GM501 SpermAir) into 

a round bottom tube and warm up to 37°C. 

3. For easier handling, if necessary, fill the tissue suspension into 

a 60 mm petri dish.  

4. Pick pieces of testicular tissue carefully with a fine syringe 

cannula and transfer into the Collagenase tube.  

5. Close the tube tightly and keep it in an incubator for 60 

minutes for digestion of the tissue. 

6. Pipette the digested tissue up and down.  

7. A suspension of single testicular tissue cells and free sperm 

has been formed. 

8. Now centrifuge the tissue-cell-suspension and wash twice 

with each 1–2 ml sperm preparation medium (GM501 Sper-

mAir).  

9. Discard the obtained supernatants. 

10. After the last centrifugation re-suspend the pellet in a small 

volume of 30–80 μl sperm preparation medium (GM501 Sper-

mAir).  

11. Re-suspend the pellet with sperm wash media and examine 

after adding it to ICSI microdroplets. This can be either: 

 

a. Check for viable spermatozoa and use for ICSI or  

b. If required, further digest further tissue sample by repeating 

the protocol described above. 

c. If many RBCs are present, erythrocyte-lysing buffer (ELB) 

should be used. 19 

 

Erythrocyte-lysing buffer 19  

Methodology  

I. With the help of a BD Falcon 7575 sterile pipette, add 4 ml of 

RBC Lysis Buffer to the pellet and mix it. 

II. Centrifuge at 400 g for 5 minutes. 

Fig. 11 shows attempt being made to aspirate 
sperm into the injection pipette 

Fig. 9 showing testicular aspirate. Few sperms are 
appreciated 

Fig. 10  Showing testicular aspirate with no 
sperms retrieved. RBCs are appreciated 

Fig. 8 Testicular aspirate showing fibrosed tubules. 
No sperms are appreciated 



III. Without disturbing the pellet, discard the supernatant. 

IV. Add 3ml of sperm wash media  

V. To remove the RBC lysis buffer, centrifuge the conical tube at 

400 g for 10 minutes. 

VI. After discarding the supernatant, resuspend the pellet in 0.5-

1.0 ml of the sperm-washing medium.  

VII. The suspension can be added to ICSI micro-droplets and 

sperm isolated.  

 

Cryopreservation of surgically retrieved sperm 

 

Spermatozoa have low water content and high membrane fluidi-

ty and therefore are more cold-shock resistant than other cells. 

When cryoprotectant is added to the semen suspension the 

sperms shrink. To minimize intracellular ice crystal formation, 

cryoprotectant is added gradually allowing equilibration of 

sperm and cryoprotectant. After equilibration is complete, 

sperm return to its original size. The cryoprotectant permeates 

inside the cell and an osmotic equilibrium is achieved. The pro-

cess reverses on thawing and the cryoprotectant is washed away 

and replaced by water again. About 50% of the spermatozoa are 

unable to survive the freezing procedure resulting in loss of mo-

tility and vitality. 

There are 2 approaches for cryopreservation 

 

CRYO-ICSI: Surgical retrieval of sperm is performed prior to the 

OPU and spermatozoa, if obtained are cryopreserved. On the day 

of ovum pick up, sperm are thawed and used for ICSI. 

 

ICSI-CRYO: spermatozoa are surgically retrieved on the day of 

ICSI, ICSI is done and extra spermatozoa are frozen for use in 

subsequent cycles. 

 

The aim is to obtain maximum number of sperm so that repeat-

ed surgeries are avoided to obtain sperm. The approach is se-

lected depending upon the following factors: 

 

1. Underlying pathology: OA or NOA 

2. Sperm retrieval procedure 

3. Flexibility of scheduling TESE 

4. Attending surgeon's preference and experience 

 

Obstructive azoospermia  

 

PESA: Sperm are obtained in high numbers in almost 100% pa-

tients after the epididymal aspiration. Some urologist carry out 

TESA or TESE in such cases and freeze the excess tissue and 

sperms. Both the approaches are effective in such patients. We 

prefer to carry out the procedure prior to surgery and freeze the 

sperms. 

 

3.2.2 Non Obstructive azoospermia  

 

TESE: sperm are obtained in 50 to 60% cases though in poor 

numbers and motility. Multiple biopsies may be required. Cryo-

preservation is done depending upon degree of impairment of 

spermatogenesis and the yield of sperm. In cases with severe 

impairment of spermatogenesis, scheduling fresh TESE on the 

day of OPU or 1 day prior to OPU (depending upon the lab proto-

col) is a good option. 22 (Fig. 5) 

TESA: usually the yield is low and chances of freezing for subse-

quent use are poor. (Fig. 6) 

Micro-TESE: it is an invasive surgical procedure, which is done 

under an operating microscope, which enables a thorough exam-

ination of seminiferous tubules in patients with focal and spo-

Fig. 12 showing dissection of testicular aspirate / tissue with the help of needles 



radic spermatogenesis. The seminiferous tubules showing active 

spermatogenesis are excised. It requires a skilled Uro-surgeon. 

Micro-TESE yields sperm in a higher percentage of cases com-

pared to conventional TESE. 23,24,25 It avoids complications such 

as hematoma, fibrosis, and impaired androgen production. 23  

 

Comparison of CRYO ICSI and ICSI CRYO approaches 

The advantages of one method become the flipside of the other 

viz.  

 

1. CRYO ICSI approach avoids pressure of having the urologist 

available on the day of the ICSI procedure allowing for inde-

pendent scheduling of sperm and oocyte retrieval. Whereas, in 

ICSI CRYO simultaneous scheduling of the two procedures on 

the same day has to be planned.  

 

2. CRYO ICSI approach avoids ovarian stimulation is avoided in 

case surgical retrieval fails whereas in ICSI CRYO there is a 50% 

risk of pointless stimulation.  

 

3. In CRYO ICSI approach, patients are relaxed and not worried 

about a failed retrieval on the day of OPU, as in ICSI CRYO ap-

proach. 

 

4. In CRYO ICSI approach, there is a loss of sperm quality due to 

freezing which limits ICSI prognosis. Freezing damage to sperm 

is avoided in ICSI CRYO approach. 

 

5. In CRYO ICSI approach there is a risk of not finding a motile 

sperm. These problems are avoided in ICSI CRYO approach. 

 

Cryopreservation of testicular and epididymal sperm 

 

4.1.Indications 

 

1. Prior to chemotherapy and radiotherapy, which can be gonad-

otoxic.  

2. Prior to the start of cancer treatment in younger males in 

whom spermatogenesis has not begin, cryopreservation of tes-

ticular tissue offers fertility potential in the future. 26 

3. Testicular sperm can be retrieved and cryopreserved during 

vasectomy, as there is a 20-25% likelihood of failure in vas-

reanastomosis surgeries. 

4. Rarely when the partner is unable to produce the sample on 

day of the OPU and facilities of egg freezing are lacking. 

 

Challenges with cryopreservation of surgically retrieved 

sperm 

 

Similar principles and methodology applies to the cryopreserva-

tion of testicular and epididymal sperm as ejaculated sperm. 

However, compared to ejaculated sperm, cryopreservation of 

surgically retrieved testicular sperm is difficult due to: 

 

I. Low number of sperm retrieved  

II. Lack of motility and vitality 

III. Usually, cryopreservation protocols for epididymal and tes-

ticular samples are similar which may not be optimal as there 

are differences in the membrane permeability between ejaculat-

ed and testicular sperm.  

IV. Contamination with cellular debris and blood cells.  

V. Hypo-osmotic swelling test helps in identifying viable sperm 

before injection. 

VI. Relatively poor survival rates (50%) obtained after freeze-

thawing  

VII. Larger pieces of tissue should not be frozen, as there is in-

creased resistance to heat transfer and penetration of CPAs lead-

ing to variation in cooling rates within different parts of the tis-

sue. 

VIII. Different cells of a biopsy as these have dissimilar respons-

es to cryopreservation and require different concentration of 

CPAs.  

IX. Also, seminiferous tubules capture liquid and increase chanc-

es of ice formation. 26 

X. To avoid these difficulties, cryopreservation of smaller tissue 

fragments or mincing tissue prior to freezing has been advocat-

ed. 27 This has been shown to improve the post thaw viability 

(39% vs 25%) and motility (9% vs 4%) in suspension com-

pared to biopsy. 28 

 

Methods of cryopreservation 

Freezing can be performed in various ways. Either, the sperm 

can be frozen rapidly in liquid nitrogen vapor or slowly by com-

puter controlled-rate cooling and freezing. Verheyen et al. in 

1993 observed no significant difference in post-thaw sperm 

quality between the vapor freezing technique and the controlled

-rate freezing. 29 

 

II. Reagents 

1. Sperm Washing Medium, gamete buffer media (Code K SIGB, 

William A Cook, Australia pty. ltd.)  

2. sperm freezing media (Code HSISC-20 William A Cook, Aus-

tralia pvt. ltd.) 

3. RBC Lysis Buffer  

 



4.3.1. Cryopreservation of testicular sperm  

Procedure: 

I. Bring the reagents to 37 °C by placing in an incubator for 30 

minutes. 

II. Aspirate the suspension and transfer it into a test tube for 15 

minutes. 

III. After the larger fragments to settle down, aspirate the sus-

pension into another conical tube. 

IV. Aspirate and release the suspension through a 3 ml syringe 

attached to a 21-gauge needle to further dissociate seminiferous 

tubules and release sperm. 

V. Add sperm freeze (in a ratio of 1:1), drop by drop from the 

side of the test tube to testicular sperm sample. This should be 

done over a period of 10 minutes to minimize hyperosmotic 

stress, while continuously shaking the tube. 

VI. The diluted testicular sperm sample is loaded into straws 

(have a 250μL volume)  

VII. Load it into straws using an automatic pipette straws. 

VIII. Seal the straw at one end by a cotton plug. 

IX. Place the straw on the comb and create an air bubble, which 

will prevent explosion of the straw after thawing. 

X. Seal the straws by dipping in polyvinyl alcohol powder and 

then immersed in water, which polymerizes the powder.  

XI. The air bubble is moved to the center of the straw.  

XII. The straws are labeled with details of the patient such as 

name, id, date of cryopreservation  

XIII. Place the straws in the chamber of the Nicool apparatus and 

cool as follows: 

a. From room temperature to 10°C at a rate of 1.6°C /m for 

6minutes 

b. From 10°C to -120°C at a rate of -5.5°C /min for 20 minutes.  

Now plunge the straws in the liquid nitrogen at -196°C. 30 

I. Rapid Freezing: Alternatively, the straws/cryovials (Code CE 

0543, Nunc, Denmark) depending upon the lab protocol, are 

loaded with diluted testicular sperm sample and placed over 

liquid nitrogen vapor (at -80 °C) for 10 minutes. They are then 

plunged into liquid nitrogen at -196°C. 

Cryopreservation of epididymal sperm 

I. The epididymal aspirate is examined under inverted micro-

scope for presence of sperm.  

II. If sperm is present, the aspirate is transferred to a conical 

tube.  

III. 2ml of sperm-washing medium is added to the conical tube 

containing the epididymal fluid. 

IV. Mix it gently and then centrifuge at 400 g for 10 minutes. 

V. The supernatant is discarded and pellet is examined micro-

scopically.  

VI. If it is contaminated with erythrocytes, wash with RBC lysis 

buffer blood cells may be removed by washing the pellet with 

RBC Lysis Buffer. 

VII. Re-suspend the pellet in 2 ml of RBC Lysis Buffer. Mix gently. 

VIII. Centrifuge the conical tube at 400 g for 5 minutes. 

IX. Gently aspirate the supernatant and discard without disturb-

ing the sperm pellet. 

X. Wash the pellet with 1-2 ml of the sperm-washing medium by 

centrifuging the tube at 400 g for 10 minutes. 

XI. Re-suspend the pellet in 1.0 ml of the sperm-washing medi-

um. 

XII. Add sperm freeze (in a ratio of 1:1) to epididymal aspirate.  

XIII. Aliquot the mixture into labeled cryovials 1.8 ml cryovials 

(Code CE 0543, Nunc, Denmark) for cryostorage.  

XIV. Place the cryovials in a 4°C refrigerator for 30-45 minutes 

and then freeze the cryovials in liquid nitrogen vapor for 1 hour. 

XV. Plunge the vapor-frozen vials into liquid nitrogen for stor-

age. 

Year No of Samples Normal seminal 

parameters 

Oligoasthenoterato-

zoospermia (5 to 15 

mil sperms/ml)  

Severe Oligoastheno- 

teratozoospermia        

(<5 mil sperms/ml)  

Azoospermia 

2014 969 711(73.37%) 83 (8.5%0 57 (5.8%) 118 (2.17%) 

2013 1150 822 (71.5%) 104 (9.1%) 69 (6%) 154 (13.4%) 

2012 1060 742 (70%) 111 (10.5%) 68 (6.3%) 129 (12.2%) 

Male factor in subfertile couples at Army Hospital  



Thawing technique for testicular and epididymal sperm 

If the epidydimal and testicular sperm is stored in straws: 

I. The straw is identified and removed from the liquid nitrogen 

tank. 

II. Thaw at 37 °C (immersing in water at 37 °C) for 1 minute.  

III. Cut the end of the straw sealed with powder and place it near 

tip of a conical test tube. 

IV. Then cut the other end allowing the sample to fall into the 

tube.  

V. 3 ml sperm wash media kept at 37 °C was added to the sample 

drop-by-drop while shaking to avoid osmotic shock and left for 

10m at 37 °C. 

VI. Wash twice by centrifuging at 1800rpm for 10m and 1500 

rpm for 5 minutes to get rid of the cryoprotectant. 

VII. Remove the supernatant and resuspend in a 200 μL of 

sperm wash media. 

VIII. The preparation of frozen-thawed epididymal sperm is 

identical to the treatment of frozen-thawed ejaculates. 

If the epidydimal and testicular sperm is stored in vials: 

1. Identify and remove the vial from the liquid nitrogen tank. 

2. Thaw by immersing in water kept in a beaker at 37 °C. 

3. Put the vial in a heating cabinet at 37 °C for 10 minutes. 

4. Follow steps V to VIII of the above mentioned protocol. 

 

Cryopreservation of a single/few human sperm using a zona 

pellucida 

1. This technique was developed by Cohen and colleagues. 31  

2. In this method, few sperm or a single spermatozoa are cryo-

preserved inside empty zona obtained from mouse, hamster, or 

human oocytes.  

3. The oocyte is denuded enzymatically and mechanically.  

4. Then, it is held with holding pipette, two small holes are 

drilled into the zona with the laser and the ooplasm is aspirated 

leaving an empty zona  

5. Motile sperm are identified in the testicular suspension under 

microscope and transferred to a PVP (10%) droplet.  

6. These sperm are injected into an empty zona using an ICSI 

needle. 

7. Before freezing, zona with sperm are placed in 8% glycerol 

solution in phosphate-buffered saline (PBS) containing 3% HSA.  

8. The zona were loaded in a column of cryopreservation medi-

um sandwiched between two air bubbles and then frozen in 

sterile straws (0.25 ml) and heat-sealed. 

9. They are then exposed to liquid nitrogen vapor for two hours, 

followed by storage in liquid nitrogen. 

 

Thawing 

I. The straw is immersed in a water bath (30°C) for 30 seconds.  

II. The straw is then cut at one end and contents are released 

into a center well dish  

III. The zona is identified under a stereoscope and washed with 

HEPES / MOPS-buffered media and then transferred to a droplet 

of PVP.  

IV. The zona is held with a holding pipette and ICSI injection 

pipette is used to aspirate the sperm into the PVP drop. 

V. The sperm is then immobilized and can be used for ICSI. 

 

This is a labor-intensive and difficult technique, but it offers a 

chance to preserve and retrieve single / few sperm in testicular 

samples. Various carriers have been used: 

I. Alginate beads or agarose microspheres. 32 

II. Nylon cryoloop, - increases the risk of cross-contamination. 33 

III. ICSI pipettes. 34 

Surgical Retrieval in Azoospermia cases with IVF ICSI done at Army Hospital  

Year Total number of 

surgical retrievals 

Positive Retrieval Negative Retrieval Outcome  : Positive pregnancy 

2014 51 28 (55.8%) 23 (44.2%) 57% 

2013 37 16 (43%) 21(57%) 0% 

2012 40 14 (35%) 26 (65%) 40% 



Drawbacks 

I. The presence of Zona pellucida 3 protein in human zona induc-

es acrosome reaction in the sperm leading to a lower recovery 

and fertilization rates. The results are better with mouse or 

hamster eggs. 31 

II. It is not only difficult but also impractical to obtain an egg in 

clinical setting from female partner, as it requires egg retrieval 

and aspiration of ooplasm to obtain empty zona. 

 

6.Advantages of cryopreservation of testicular and epididy-

mal sperm 

 

I. Freezing of surgically retrieved sperm avoids a repeat surgery 

in case one treatment cycle fails.  

II. Moreover second or third surgery can increase the chance of 

complications including hematomas, inflammation, testicular de

-vascularization, fibrosis and permanent testicular damage. 35 

7. Summary  

After the advent of ICSI, surgical techniques to recover samples 

from the epididymis and testis directly were used to benefit 

patients suffering from obstructive and non-obstructive azoo-

spermia. The various surgical techniques available to obtain 

sperm from epididymis are PESA, MESA and from testis are 

TeSA, TeSE, and micro-TESE. 

 

The cryopreserved epididymal sperm, used for ICSI, gives simi-

lar results with fresh and frozen sperm, if injecting motile 

sperm. Studies have shown comparable fertilization, ongoing 

pregnancy and implantation rates with fresh and frozen-thawed 

epididydmal sperm. 36 

 

The cryopreserved testicular sperm results in comparable out-

come with fresh and frozen sperm in OA cases whereas in NOA 

cases, the outcome depends upon degree of impairment of sper-

matogenesis, criteria for sperm freezing and patient selection. 37 
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Lasers have been used increasingly in the in vitro fertilization (IVF) laboratory. The procedures for which lasers are 

now routinely used include laser assisted hatching or thinning, blastomere biopsy, trophectoderm biopsy and polar 

body biopsy. Laser pulse has also been used to immobilize the human sperm tail before ICSI and in assisting the injec-

tion technique by creating a hole in the zona (laser assisted ICSI). 

More recently, laser has been used to induce artificial collapse of the blastocoel before cryopreservation which has re-

ported to result improved post warming survival of the blastocysts. 

All laser systems for IVF work on the same principle, that being to deliver a tightly focused laser beam for a short dura-

tion that heats and disintegrates zona pellucida (ZP). All commonly available laser systems use lasers that operate in 

the same part of the light spectrum, near infrared, 1480nm wavelength. All have the ability to vary the duration of the 

laser pulse and this directly affects the amount of ZP that will be removed. Different models of laser system available 

today employ different powers of laser, ranging from ~100mW up to 400mW, and some systems even offer variable 

power. 

In this issue, we feature the commercially available Laser systems used in IVF labs. 

Disclaimer : ACE (INDIA) does not endorse any of the products featured here. The order of inclusion of the 

products is random only.  

Continued  from next page  
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Howard W. Jones Jr., a physician who pushed the boundaries of gynecologic surgery, opened the first sex-change clinic in an 

American hospital and helped achieve the first birth through in vitro fertilization in the United States, died on Friday in Norfolk, 
Va. He was 104. 

His family confirmed his death, of respiratory failure. Dr. Jones, who remained productive into his centenarian years, publishing 
his final book last fall, died at Sentara Heart Hospital, on the same medical grounds as the hospital in which the historic birth 
had occurred. 

His success in fertilizing a woman’s egg outside the womb, after 41 tries, was achieved alongside his wife, Dr. Georgeanna 
Jones, one of the nation’s first reproductive endocrinologists. Working together at the Eastern Virginia Medical School in Nor-
folk, they accomplished the feat when Judith Carr gave birth to Elizabeth Carr, America’s first “test-tube baby,” by cesarean 
section at 7:46 a.m. on Dec. 28, 1981, at what is now Sentara Norfolk General Hospital.  

Photo & Text Source : The Newyork Times, July 31, 2015  

Howard W. Jones Jr., a Pioneer behind US’s first IVF baby, 
Dies at 104 

(1910—2015) 

Men who want to become  
fathers should eat their greens. 
A study has shown that couples 
who are struggling to conceive 
eat less fruit and vegetables 
than people who have just be-
come parents. 
And men are particularly lazy at following a healthy diet. 
British experts said that most pre-pregnancy advice is aimed at women and as a result men ‘have really missed out on the pub-
lic health message’. 
Around one in seven couples in the UK has trouble conceiving, and although infertility is traditionally thought of as a female 
issue, the problem is as likely to lie with the man as the woman. 
Italian doctors asked 1,134 patients to fill in an extensive ques-
tionnaire about their diet and lifestyle. 
One third of the men and women were classed as infertile be-
cause they had been trying, unsuccessfully, for a baby for a year. 
The others had recently had a baby. 
The patients were in their mid-30s, on average, and of normal 
weight. 
The results showed clear differences between the diets of the two 
groups, the European Society of Human Reproduction and Embry-
ology’s annual conference in Lisbon heard. 
Some 44 per cent of fertile men ate fruit and veg almost every 
day, compared to 34 per cent of those whose partners were strug-
gling to conceive. 
And 55 per cent of fertile men ate five portions of fruit a week, 
compared to 46 per cent of those who were infertile. 

Eating fruit and veg can boost your FERTILITY 
- and for men getting five-a-day 'protects 
sperm from damage' 

http://www.nytimes.com/2010/03/23/health/23prof.html
http://timesmachine.nytimes.com/timesmachine/1966/03/04/79308763.html?pageNumber=21
http://www.nytimes.com/2005/03/28/us/georgeanna-s-jones-in-vitro-conception-pioneer-dies-at-92.html
http://www.nytimes.com/2005/03/28/us/georgeanna-s-jones-in-vitro-conception-pioneer-dies-at-92.html
http://www.nytimes.com/1999/10/27/us/just-another-girl-unlike-any-other.html
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Study question: Can a modified specific gravity technique be used to distinguish viable from nonviable embryos? 
Summary answer: Preliminary data suggests a modified specific gravity technique can be used to determine embryo 
viability and potential for future development. 
What is known already: Single embryo transfer (SET) is fast becoming the standard of practice. However, there is 
currently no reliable method to ensure development of the embryo transferred. 
Study design, size, duration: A preliminary, animal-based in vitro study of specific gravity as a predictor of embryo 
development using a mouse model. 
Participants/materials, setting, methods: After a brief study to demonstrate embryo recovery, experiments were 
conducted to assess the ability of the specific gravity system (SGS) to distinguish between viable and nonviable        
embryos. In the first study, 1-cell mouse embryos were exposed to the SGS with or without previous exposure to an 
extreme heat source (60°C); measurements were repeated daily for 5 days. In the second experiment, larger pools of       
1-cell embryoswere either placed directly in culture or passed through the SGS and then placed in culture and moni-
tored for 4 days. 
Main results and the role of chance: In the first experiment, viable embryos demonstrated a predictable pattern of 
descent time over the first 48 h of development (similar to previous experience with the SGS), while embryos that were 
heat killed demonstrated significantly altered drop patterns (p < 0.001); first descending faster. In the second experi-
ment, average descent times were different for embryos that stalled early versus those that developed to blastocyst       
(p < 0.001). Interestingly, more embryos dropped through the SGS developed to blastocyst than the culture control       
(p < 0.01). 
Limitations, reasons for caution: As this is a preliminary report of the SGS technology determining viability, a larger 
embryo population will be needed. Further, the current in vitro study will need to be followed by fecundity studies  
prior to application to a human population. 
Wider implicationsof the findings: If proven, theSGSwould provide a noninvasivemeansof assessing embryos prior to 
transfer after assisted reproductive technologies procedures, thereby improving fecundity and allowing more reliable 
SET. 
Study funding/competing interest(s): The authors gratefully acknowledge the funding support of the U.S. Jersey 
Association, the LauraW. Bush Institute forWomen’s Health and a Howard Hughes Medical Institute grant through the 
Undergraduate Science Education Program to Texas Tech University. None of the authors have any conflict of interest 
regarding this work.  
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