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This past summer marked the 40th birthday for 
Louise Brown, the world’s first baby born via in 
vitro fertilization (IVF). Her parents’ courage and her 
momentous, safe delivery and birth in 1978 heralded 
the arrival of a revolutionary therapy, born of the careful 
union of modern medicine and basic science.1 At that 
time, IVF injected new and real hope into infertility 
treatment. It allowed for the development of embryos in 
vitro for intrauterine transfer, implantation and sought-
after pregnancy and livebirth. Continued efforts to 
enhance fertility patient outcomes, improve efficacy 
of treatments and expand application have inspired 
scientific investigation and innovation that has led to 
present-day assisted reproductive technology (ART).

Since its introduction, IVF has benefited from ongoing 
efforts to improve its every facet and phase—
maximizing the number of high quality eggs, achieving 
the highest fertilization rate with the most challenging 
sperm factors, producing the highest number of best-
quality embryos, achieving freezing and thawing rates 
of embryos that compare to or surpass those of fresh 
embryos and attaining the highest implantation and 
livebirth rates. 

Early days of IVF
Eggs were initially collected from mature ovarian 
follicles by laparoscopic aspiration. However, the 
physical space required for early IVF made the 
process more challenging. Hospitals had to allocate 
precious space for operating rooms and general 
anesthesia used in laparoscopic egg retrieval. Early 
IVF laboratories were relatively simple, but had specific 
instrumentation and engineering requirements for 
water, air, climate and gas systems. Despite their 
central role, many early IVF laboratories were housed in 
converted storage rooms or closets.

The limited space worked well enough for the basic 
laboratory equipment required for early IVF. Typical 
equipment included a deionizing system to generate 
water, a pH meter, osmometer, microbalance and 
laboratory glassware for making culture medium 
from scratch; a laminar flow hood to provide an 

aseptic workspace; one or more incubators with 
appropriate medical-grade gas tanks; a phase contrast 
microscope, a dissecting microscope and inverted 
microscope with high contrast optics; and a centrifuge.

The original IVF process was fairly straightforward:

• Collect the eggs (cumulus masses) 
from follicular fluid.

• Process the corresponding husband’s/
partner’s/donor’s semen to collect 
concentrated motile sperm.

• Inseminate the eggs with sperm and 
allow for overnight culture.

• Assess the eggs for fertilization.

• Evaluate the developmental stage and 
morphology of resultant embryos.

• Transfer multiple embryos (as many 
as four) on Day 2 or Day 3.

In the early to mid-1980s, clinics aimed for 15 to 20 
percent clinical pregnancy rates. Bourn Hall in the 
United Kingdom, Monash University in Australia and 
Eastern Virginia Medical School in the United States 
were the standard-setting clinics at the time. Many 
of the earliest embryologist recruits were medical 
technologists who understood the confluence of 
medicine and laboratory science. Others were 
researchers from basic reproductive biology and 
physiology research laboratories. These individuals 
came from laboratories where IVF was routinely used 
to investigate the cellular and molecular mechanisms 
underlying fertilization and early embryo development 
in mammals such as mice, rabbits or guinea pigs. 
Many of these pioneers have seen the incredible 
trajectory of IVF from its earliest days through its 
evolution to becoming present-day ART.

ART is a pleasantly ironic acronym given the technical 
expertise and craft that are central to its effectiveness. 
Requiring both artistry and technical mastery, ART 
relies on a host of techniques, including egg retrieval, 
egg freezing through vitrification, fertilization by 
conventional insemination or intracytoplasmic sperm 
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injection (ICSI), assisted hatching, embryo/blastocyst 
biopsy for genetic testing, cryopreservation of 
embryos/blastocysts by slow-cooling or vitrification, 
and embryo transfer.

Advances in culture media design  
and conditions
There is perhaps nothing more important than the 
nutrient solution for egg, sperm and embryo culture 
that provides the environment for fertilization and 
development. These media must meet the different 
nutrient requirements of sperm, eggs and the 
developing embryos while avoiding the formation  
of toxins.

In the earliest days of IVF, laboratories performed the 
time- and effort-intensive task of making their own 
culture media. This required using purified water along 
with an array of individual chemicals that were carefully 
weighed or dispensed with subsequent adjustments 
to attain specific ranges of osmolality and pH. Quality 
control was achieved using a system such as the 
mouse embryo assay to identify acceptable batches of 
media for patient use.2

Some laboratories used commercially provided media 
such as Ham’s F-10, a general tissue culture medium, 
or more IVF-specific media such as Menezo’s B2 
medium. A culture medium modeled after human 
tubal fluid became popular in the 1980s, a time when 
industry-sourced and quality controlled culture media, 
protein supplements and an array of other adjunct 
products were common.3-4 These cultures afforded 
embryologists convenience and time, eliminating hours 
spent on making and quality control-testing in-house 
culture mediums.

To address the differing biochemical requirements of 
gametes (eggs and sperm) versus early embryos and 
blastocysts, culture models using sequential media 
were developed. First, one medium was provided for 
egg and sperm culture for the insemination interval. 
Then, a second medium was specifically prepared 
for embryo development for fertilization through the 
eight-cell stage (Days 1 to 3). Finally, a third medium 
was used for the blastocyst development stage (Day 
3 to Day 6 or 7). This design follows the changing 
requirements of the embryo and emulates the differing 
environments of the fallopian tube (early embryo 
development) and the uterus (morula to blastocyst).5

Complementing more favorable formulations for 
human culture media has been the adoption of 

low-oxygen atmospheres in incubators. Reducing 
the oxygen tension to physiologic levels in embryo 
culture alleviates physiologic stress and contributes to 
more favorable conditions for optimal development.6 
Advances in both culture medium design and culture 
conditions can contribute to a higher blastocyst 
formation rate in a patient’s fertilized egg cohort 
and higher quality (i.e., implantation potential of the 
blastocysts).

Egg vitrification
Egg freezing by vitrification is the most recent 
addition to the ART portfolio. Successful pregnancies 
and livebirths using frozen eggs and slow-cooling 
methods had been reported from as early as 1986, 
though certain challenges prevented consistent 
outcomes.7-8 The use of vitrification on eggs, as it had 
been applied to blastocysts, provided reliability that 
allowed for wider adaptation.9 After multiple reports 
that reproducible methods had been described with 
favorable and acceptable results, the American 
Society of Reproductive Medicine (ASRM) advised its 
membership in 2013 that egg freezing was no longer 
considered “experimental.”10

Egg freezing has two benefits to patients. The first is 
fertility preservation. In particular, this benefits women 
of reproductive age who receive cancer diagnoses 
requiring gonadotoxic treatments. With minimal or 
conventional ovarian stimulation, a patient’s eggs can 
be collected prior to cancer therapy and frozen for 
use after treatment and recovery. Other candidates 
for fertility preservation might include women in the 
military and others purposefully delaying childbearing. 
This includes women who are mindful of advancing 
age and are, perhaps, waiting for the best time and/
or partner for building a family. The second dividend 
of egg freezing is the opportunity to create donor egg 
banks, analogous to sperm banks, with the same 
breadth in variety of phenotypes.

Egg vitrification also allows expanded accessibility to 
donor eggs. It eliminates the potential inconveniences 
of waiting for a donor to undergo stimulation and 
retrieval and the necessary synchronization of the 
donor and recipient cycles to allow embryo transfer.  
A donor egg recipient can now select eggs from a 
bank’s catalogue, have them shipped to a designated 
IVF laboratory for warming and ICSI, then await 
embryo development and transfer —all on the 
recipient’s timeline.
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Micromanipulation
The advent of micromanipulators—a system of 
microtools and controls installed on an inverted 
microscope—allowed embryologists to manipulate 
and perform operations on single cells or embryos. 
This catalyzed the development and refinement of 
procedures to enhance IVF outcomes. It is difficult 
now to think of IVF without the array of techniques 
made possible by micromanipulation. Ultimately, 
micromanipulation was key to improving embryo 
implantation, revolutionizing the treatment of male 
factor infertility and introducing preimplantation  
genetic testing.

Intracytoplasmic sperm injection
Partial zona dissection (PZD) and subzonal 
insemination (SUZI) were the hope for maximizing 
and achieving fertilization despite the most severe 
forms of male infertility, including limiting factors of 
sperm count, motility and morphology.11-12 In PZD, an 
opening was created in the zona pellucida to allow 
sperm to bypass binding and penetration of the zona. 
In SUZI, the zona was also opened, but one or more 
sperm were deposited between the zona and the egg 
membrane to eliminate sperm transit through the zona 
pellucida. This optimized the opportunity for sperm and 
egg membrane fusion leading to fertilization.

Even with these important innovations, circumstances 
of severe oligo-, astheno- and teratospermia still 
precluded fertilization, signaling that proximity alone 
was inadequate to reliably overcome poor sperm 
quality. ICSI offered a decisive solution.13 Injection of 
a sperm cell directly into an egg’s cytoplasm could 
overcome the barriers of the mature egg (i.e., the 
cumulus oophorus, corona radiata, zona pellucida and 
egg membrane).

Sperm injection is preceded by egg preparation. 
This involves briefly exposing the egg-in-cumulus 
complexes to an enzyme solution (hyaluronidase), 
which disperses the cumulus and isolates the egg. 
The egg is microscopically examined to establish 
the presence of the first polar body that reflects 
the maturity of the egg at metaphase II and its 
appropriateness for ICSI. Immature eggs (germinal 
vesicle-stage or metaphase I) can be cultured to 
develop additional eggs for injection. This phase also 
allows characterization of an egg with respect to its 
zona pellucida and ooplasm. Eggs with morphologic 
features such as vacuolation or granularity, might be 
unfavorable for fertilization or embryo development.14

Once deposited in the prepared egg, the sperm can 
undergo all the postmembrane fusion events that 
comprise fertilization: sperm head decondensation, 
pronuclear formation and syngamy with the egg’s 
pronucleus. Embryo development ensues, allowing 
completion of the treatment cycle with embryo 
transfer—an opportunity for pregnancy that could not 
previously be realized with conventional insemination, 
PZD or SUZI.15

Using surgical intervention to obtain sperm, ICSI 
expanded the possibility of biological fatherhood 
for patients with the most challenging forms of male 
factor infertility, including azoospermia. Sperm can be 
harvested for ICSI through collaboration with urologists 
performing testicular sperm extraction or epididymal 
sperm aspiration.16-17 In the selection process for ICSI, 
nonmotile sperm from semen or surgically retrieved 
sperm can be tested for viability or function with 
measures such as the hypo-osmotic swelling test or 
hyaluronan-binding assay.

Assisted hatching
Before settling into the uterine lining, an embryo must 
hatch from the zona pellucida, its surrounding protein 
shell. There was an effort to address the hypothesis 
that in some patients, this step was impeded, 
leading to implantation failure. It was postulated that 
“zonal hardening” was a result of in vitro culturing, 
the patient’s age or a characteristic of the embryo. 
A hardened zona might not experience naturally 
occurring zonal thinning, which allows an embryo to 
expand, and eventually, escape through an opening to 
implant itself into the endometrium.18

Assisted hatching (AH) was designed to aid the embryo 
in this process. An opening of optimal size in the zona 
pellucida was created either mechanically with a glass 
needle or chemically with an acidified culture medium. 
The expanding embryo was then assisted in exiting 
the zona pellucida through this opening, increasing 
the opportunity for implantation.19 Lasers, customized 
for ART, have now largely supplanted other means 
of AH, offering more efficiency, greater consistency 
and reduced consumption of ART resources such as 
microtools and hatching solution.20

The technique bore out the expectation of higher 
implantation rates in some patients whose embryos 
received AH.21 However, the practice committees of 
the ASRM and the Society for Assisted Reproductive 
Technology have reflected the procedure’s limitations 
in various published reports that preclude drawing 
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conclusions about the efficacy of AH in increasing 
clinical outcomes.22 Although there has been some 
evidence that AH slightly improves clinical pregnancy 
rates, particularly in poor prognosis patients or patients 
with prior failed IVF cycles, the limited findings provide 
insufficient evidence to conclude that AH improves 
livebirth rates.22

Preimplantation genetic testing of embryos  
and blastocysts
The union of IVF and genetics gave way to embryo 
biopsy and genetic testing of individual embryo 
cells.23 In this application, IVF extended its reach 
beyond infertile patients to assist individuals at 
risk for transmitting genetic disease. The process 
generally begins via embryo biopsy at Day 3, when the 
blastomere number can be expected to be at least six, 
and ideally, eight.

The embryo is oriented such that the nucleated 
blastomere is readily accessible to a biopsy pipette. 
The zona is opened at a size that will allow removal of 
a blastomere without causing the entire embryo to exit 
the zona. To facilitate blastomere removal, the embryo 
is typically incubated in a calcium- and magnesium-
free medium to minimize cell-to-cell adhesion. With 
gentle aspiration via the biopsy pipette, it is possible 
to extract a blastomere from each embryo for transfer 
to individual reaction tubes and shipment to a genetic 
testing laboratory.

There, the cells can undergo the requested testing 
(e.g., aneuploidy, translocation, chromosome structural 
anomalies or single gene mutation). The biopsied 
embryo is returned to culture for further development 
to Day 5, by which time genetic testing is complete. 
Once the testing report is received, appropriate 
embryos can either be transferred or cryopreserved.

Aneuploidy analysis, a frequently requested test, was 
initially carried out by fluorescent in situ hybridization 
(FISH). This technique used chromosome-specific 
probes to enable visualization and enumeration of the 
differently colored signals for each chromosome to 
identify trisomies, for instance. But FISH was limited 
in that it could only detect a subset of chromosomes 
(e.g., 13, 15, 18, 21, 22, X and Y). Further, research 
found that biopsy at Day 3 had negative effects on 
embryo development.24 The limitations of FISH analysis 
and blastomere biopsy indicated the need for a new 
method of preimplantation genetic testing (PGT).

The current and prevailing method for PGT 
encompasses the innovations of blastocyst culture 
and biopsy and applies them at a more resilient 
stage of multiple cells per embryo. Current PGT also 

harnesses state-of-the-art techniques from molecular 
biology (e.g., array comparative genomic hybridization, 
quantitative polyamerase chain reaction or next-
generation sequencing) for more sensitive genetic 
testing and detection of all 24 chromosome types.

Current screening methods have revealed the 
incidence of mosaicism, or the presence in an 
individual blastocyst of more than one cell line and 
chromosomal constitution.25 The understanding 
and management of mosaic blastocysts is currently 
evolving through ongoing investigations and analyses 
in genetics laboratories. Researchers note that 
identifying mosaicism might help facilitate more 
accurate categorization and ranking of embryos for 
transfer.25 Pending test results, all biopsied blastocysts 
are vitrified with an optimized cryopreservation method 
to optimize frozen embryo transfer (FET).

Cryopreservation
Even with higher numbers of embryos transferred in 
early IVF cycles, many patients had supernumerary 
embryos available from their treatment cycles. How 
could these be preserved for future cycles? An 
immediate solution was to cryopreserve them for FET. 
This eliminated the need for multiple cycles of ovarian 
stimulation and egg retrieval. The first pregnancy 
achieved by transfer of a thawed eight-cell embryo was 
reported in 1983.26

For many years, embryos were frozen on Day 3, at 
the six- to eight-cell stage. The embryos were first 
equilibrated in specifically formulated cryoprotectants 
to achieve dehydration. The process replaced the 
embryo’s water with antifreeze-like cryoprotectant 
prior to slow cooling in a programmable cell freezer. 
The process replaced the embryo’s water with 
antifreeze-like cryoprotectant prior to slow cooling 
in a programmable cell freezer at a rate of minus 0.3 
degrees C° per minute.27

The thawing process entailed rapid warming with a 
stepwise rehydration of the embryo. The cryoprotectant 
was replaced with water through equilibration in 
a series of warming solutions, culminating in the 
embryo’s return to culture medium for transfer. It was 
not unusual for an embryo to endure some cell loss at 
thaw, and pregnancies were still achieved even when 
some blastomeres within an embryo did not survive 
warming.28 To avoid cell attrition in thawing, some 
clinics preferred to freeze fertilized eggs at the one-
cell or dipronucleated (2PN) stage.29 These could be 
thawed and placed in culture to proceed through early 
embryo development and, ultimately, transfer at Day 2 
or Day 3.
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The efficacy of embryo cryopreservation was 
significantly improved by the introduction of 
vitrification, or the creation of a glassy or vitreous 
state within the embryo to avoid damage that can 
result from ice crystal formation incurred during 
slow-cooling methods.30-31 Vitrification involves the 
rapid equilibration of blastocysts (or zygotes or 
cleavage-stage embryos) in high concentrations of 
cryoprotectant followed by immediate immersion into 
liquid nitrogen, providing an effective cooling rate of 
minus 20,000 degrees Celsius per minute. Unlike slow 
cooling, vitrification requires no programmable freezer, 
and the processing time—from first equilibration to 
placement in liquid nitrogen—is only minutes per 
blastocyst. Its application in mammalian embryos was 
first described in 1985.32

Vitrification relies on adherence to strict time limits 
for exposing the blastocyst to the cryoprotectants 
and loading it into the cryo carrier. Meticulous 
technique is rewarded by high rates of recovery, 
survival and implantation, and these attributes have 
been central to 21st century ART. By providing an 
ideal method for cryopreserving blastocysts—the 
increasingly preferred developmental stage for 
freezing embryos—vitrification has enabled more 
frequent cryo-all cycles and facilitated blastocyst 
biopsy for preimplantation genetic testing.

Single embryo transfer
A sure indicator of how far IVF has advanced 
since Louise Brown’s birth is the ascendance of 
the elective single embryo transfer (eSET). In the 
earliest IVF treatment cycles, and with only modest 
adjustments as recently as the early 2000s, the transfer 
of multiple embryos—as many as four —was not 
only recommended but actively sought as a way of 
optimizing a cycle. Several factors have contributed to 
the arrival and application of eSET.

Great strides in culture medium systems allowed for 
the maximal developmental potential of embryos. 
Advances in ovulation induction, operative methods 
of egg retrieval and embryo transfer also helped set 
the stage for eSET. Additionally, the sheer benefit 
of experience and practitioner networking have 
contributed to the procedure’s advancement.

The transfer of one, high-quality embryo became 
sufficient to give a patient an optimal chance of 
becoming pregnant. This new option addressed the 
vital concern of obstetric and maternal-fetal medicine 
clinicians that IVF resulted in too many multiple 
gestations and births, which could bring clinical 

complications, medical risks and negative effects 
on a family’s financial health and quality of life. The 
expanding application of eSET may continue to gain 
traction with the array of techniques used for selecting 
the best embryo.

Culture to blastocyst, preimplantation genetic 
screening for aneuploidy and noninvasive methods 
can provide information about the embryo beyond its 
morphology. One noninvasive method is time-lapse 
imaging. With this technique, the developmental 
course of each embryo can be examined through 
continuous image capture over multiple days of 
culture, allowing the development of algorithms to 
identify developmental trajectories associated with 
implantation. Another method employs metabolomics, 
or an analysis of metabolic products in the culture 
medium of each embryo that might yield information 
about embryonic vigor and developmental potential.

Mitochondrial therapy and gene editing
Finally, two other methodologies receiving 
attention for potential application and inclusion in 
ART are mitochondrial transfer (or mitochondrial 
replacement therapy) and gene editing.33-34

Mitochondrial transfer is the placement of mitochondria 
from a donor egg into the cytoplasm of a recipient’s 
egg. This method might be applied if a recipient is a 
carrier of mitochondrial disease or otherwise has poor 
egg quality. In either case, the donor mitochondria 
are the therapy to overcome deficiencies and, as 
the sources of cellular energy, provide the metabolic 
resources to drive normal embryo development. 
However, the introduction of a donor’s mitochondrial 
DNA into a recipient’s egg might entail some 
controversy, as it results in three sources of DNA in the 
embryo: the maternal DNA, the paternal DNA and the 
donor mitochondrial DNA.33

Gene editing, mediated through an enzyme system 
called CRISPR-Cas 9, envisions the deletion of 
errant genes and their replacement with correct DNA 
sequences. Genetically transmitted disease from one 
or both parents could be addressed at the embryonic 
level through DNA correction. Like mitochondrial 
transfer, gene editing raises ethical concerns that 
clinicians and patients will need to consider.34

Summary
Clinicians, caregivers and other ART professionals have 
consistently shown resolve in acquiring and mastering 
the ever-changing knowledge and skill needed to 
make fertility treatments more comprehensible and 
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accessible to those who must use them to build their 
families. Their mission for patient care has been to 
continuously improve ART. Louise Brown’s birth was 
the genesis of decades of insightful research and 
innovative techniques that have supplanted the original 
IVF method. As we thoughtfully survey the constellation 
of technology that informs modern life, such as 
molecular techniques and nanotools, information and 
telecommunication technology, robotics, personalized 
medicine or microfluidics, it is exhilarating to 
contemplate how ART will continue to evolve.

About the author
Kathryn J. Go, PhD, HCLD, is the director of the 
embryology laboratory of Boston IVF, the Maine Center 
and the clinical laboratory director at ReproSource 
Fertility Diagnostics. Go previously served as the 
scientific and laboratory director at IVF New England 
(formerly the Reproductive Science Center of New 
England) for 11 years and as the laboratory director 
at Pennsylvania Reproductive Associates for 21 
years. She has been active in the Society for Assisted 
Reproductive Technology executive council and 
the American Society of Reproductive Medicine 
(ASRM). Go has also served as a U.S. Food and 
Drug Administration consultant, course chair and 
faculty for ASRM and New England Fertility Society 
(NEFS) postgraduate courses and chair of the 
ASRM reproductive biology professional group. She 
previously served as NEFS president and is currently 
the NEFS member-at-large for industry. Go was a 
lecturer at the Medical College of Pennsylvania, now 
Drexel University College of Medicine and has served 
on the faculties of the University of Pennsylvania, 
Thomas Jefferson University, the Experimental 
College of Tufts University and the University of 
Massachusetts. She holds a doctorate in molecular 
biology from the University of Pennsylvania.

References
1. Steptoe PC, Edwards RG. Birth after the reimplantation of a 

human embryo. Lancet. 1978;2(8085):366.

2. Ackerman SB, Swanson RJ, Stokes G, Veeck. Culture of mouse 
preimplantation embryos as a quality control assay for human in 
vitro fertilization. Gamete Res. 1984;9:145-152.

3. Quinn P, Kerin JF, Warnes GM. Improved pregnancy rate 
in human in vitro fertilization with the use of a medium 
based on the composition of human tubal fluid. Fertil Steril. 
1985;44(4):493-498.

4. Quinn P, Moinipanah R, Steinberg JM, Weathersbee PS. 
Successful human in vitro fertilization using a modified human 
tubal fluid medium lacking glucose and phosphate ions. Fertil 
Steril. 1995;63(4):922-924.

5. Gardner DK, Lane M, Calderon I, Leeton J. Environment of the 
preimplantation human embryo in vivo: metabolite analysis of 
oviduct and uterine fluids and metabolism of cumulus cells. 
Fertil Steril. 1996;65(2):349-353.

6. Bontekoe S, Mantikou E, van Wely M, Seshadri S, Repping S, 
Mastenbroek S. Low oxygen concentrations for embryo culture 
in assisted reproductive technologies. Cochrane Database Syst 
Rev. 2012;11(7):CD008950.

7. Chen C. Pregnancy after human oocyte cryopreservation. 
Lancet. 1986;1(8486):884–886.

8. Porcu E, Fabbri R, Seracchioli R, Ciotti PM, Magrini O, 
Flamigni C. Birth of a healthy female after intracytoplasmic 
sperm injection of cryopreserved human oocytes. Fertil Steril. 
1997;68(4):724–726.

9. Cobo A, Vajta G, Remohi J. Vitrification of human mature 
oocytes in clinical practice. Reprod Biomed Online. 2009;19(4)
(suppl):4385.

10. The Practice Committees of the American Society for 
Reproductive Medicine and the Society for Assisted 
Reproductive Technology. Mature oocyte cryopreservation: a 
guideline. Fertil Steril. 2013;99(1):37-43.

11. Malter H and Cohen J. Partial zona dissection of the human 
oocyte: a nontraumatic method using micromanipulation to 
assist zona pellucida penetration. Fertil Steril. 1989;51(1):139-
148.

12. Laws-King A, Trounson A, Sathananthan H, Kola I. Fertilization 
of human oocytes by microinjection of a single spermatozoon 
under the zona pellucida. Fertil Steril. 1987;48(4): 637-642.

13. Palermo G, Joris H, Devroey P, Van Steirteghem AC. 
Pregnancies after intracytoplasmic injection of single 
spermatozoon into an oocyte. Lancet. 1992;340(8810):17-18.

14. Drakakis P, Kallianidis K, Milingos S, Dendrinos S, Stylianos 
M. Oocyte morphology correlates with embryo quality and 
pregnancy rate after intracytoplasmic sperm injection. Fertil 
Steril. 1999;72(2):240-244.

15. Palermo GD, Nery QY, Monahan D, Takeuchi T, Schlegel PN, 
Rosenwaks Z. Intracytoplasmic Sperm Injection. In: Nagy 
ZP, Varghese AC, Agarwal A, eds. Practical Manual of In Vitro 
Fertilization. Advanced Methods and Novel Devices. New York, 
NY: Springer;2012:307-320.



In vitro fertilization – From Louise to 21st century luminosity 7

16. Devroey P, Liu J, Nagy Z, et al. Pregnancies after testicular 
sperm extraction and intracytoplasmic sperm injection in non-
obstructive azoospermia. Hum Reprod. 1995;10(6):1457-1460.

17. Craft I, Tsirigotis M, Bennett V, et al. Percutaneous epididymal 
sperm aspiration and intracytoplasmic sperm injection in the 
management of infertility due to obstructive azoospermia. Fertil 
Steril. 1995;63(5):1038-1042.

18. Kilani SS, Cooke S, Kan AK, et al. Do age and extended culture 
affect the architecture of the zona pellucida of human oocytes 
and embryos? Zygote. 2006:14(1):39-44.

19. Cohen J, Elsner C, Kort H, et al. Impairment of the hatching 
process following IVF in the human and improvement of 
implantation by assisted hatching using micromanipulation. 
Hum Reprod. 1990;5(1):7-13.

20. Veiga A, Boiso I, Belil I. Assisted hatching. In: Gardner DK, 
Weissman A, Howles CM, Shoham Z, eds. Textbook of Assisted 
Reproductive Technologies – Laboratory and Clinical Perspectives. 
3rd ed. London, England: Informa Healthcare; 2009:181-190.

21. Cohen J, Alikani M, Trowbridge J, Rosenwaks Z. Implantation 
enhancement by selective assisted hatching using zona 
drilling of human embryos with poor prognosis. Hum Reprod. 
1992;7(5):685-691.

22. Practice Committee of the American Society for Reproductive 
Medicine, Practice Committee of the Society for Assisted 
Reproductive Technology. Role of assisted hatching in in vitro 
fertilization: a guideline. Fertil Steril. 2014;102(2):348-351.

23. Handyside AH, Kontogianni EH, Hardy K, Winston RM. 
Pregnancies from biopsied human preimplantation 
embryos sexed by Y-specific DNA amplification. Nature. 
1990;344(6268):768-770.

24. Scott RT Jr, Upham KM, Forman EJ, Zhao T, Treff NR. 
Cleavage-stage biopsy significantly impairs human embryonic 
implantation potential while blastocyst biopsy does not: a 
randomized and paired clinical trial. Fertil Steril. 2013;100(3):624-
630.

25. Munne S, Wells D. Detection of mosaicism at blastocyst stage 
with the use of high-resolution next-generation sequencing. 
Fertil Steril. 2017;107(5):1085-1091.

26. Trounson A, Mohr L. Human pregnancy following 
cryopreservation, thawing and transfer of an eight-cell embryo. 
Nature. 1983;305(5936):707-709.

27. Testart J, Lassalle B, Belaisch-Allart J, et al. High pregnancy 
rate after early human embryo freezing. Fertil Steril. 
1986;46(2):268-272.

28. Hartshorne GM, Wick K, Elder K, Dyson H. Effect of cell 
number at freezing upon survival and viability of cleaving 
embryos generated from stimulated IVF cycles. Hum Reprod. 
1990;5(7):857-861.

29. Cohen J, DeVane GW, Elsner CW, et al. Cryopreservation 
of zygotes and early cleaved human embryos. Fertil Steril. 
1988;49(2):283-289.

30. Mukaida T, Nakamura S, Tomiyama T, Wada S, Kasai M, 
Takahashi K. Successful birth after transfer of vitrified human 
blastocysts with use of a cryoloop containerless technique. 
Fertil Steril. 2001;76(3):618-620.

31. Liebermann J, Conaghan J, Nagy ZP, Tucker M. Vitrification of 
embryos. In: Nagy ZP, Varghese AC, Agarwal A, eds. Practical 
Manual of In Vitro Fertilization – Advanced Methods and Novel 
Devices. New York, NY: Springer; 2012:539-546.

32. Rall WF, Fahy GM. Ice-free cryopreservation of mouse embryos 
at -196 degrees C by vitrification. Nature. 1985;313(6003):573-
575.

33. Wolf DP, Mitalipov N, Mitalipov S. Mitochondrial replacement 
therapy in reproductive medicine. Trends Mol Med. 
2015;21(2):68–76.

34. Fogleman S, Santana C, Bishop C, Miller A, Capco DG. 
CRISPR/Cas9 and mitochondrial gene replacement therapy: 
promising techniques and ethical considerations. Am J Stem 
Cells. 2016;5(2):39–52.

For more information, visit Walgreens.com/hcp



©2018 All rights reserved. HDS0028 0918

This publication should be used for general educational purposes only and is not intended to be a substitute for professional medical advice. Although it is intended to be accurate, neither Walgreen Co., its subsidiaries or affiliates, 
nor any other party assumes liability for loss or damage due to reliance on this material. This information is not intended to create any warranty, and ALL SUCH WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY WARRANTY OF 
FITNESS FOR A PARTICULAR PURPOSE, ARE HEREBY DISCLAIMED. This information does not replace professional judgment. Walgreens does not recommend or endorse any specific tests, physicians, products, procedures, opinions or 
other information that may be mentioned in this publication.


