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REPRODUCTIVE ENDOCRINOLOGY & INFERTILITY

IVF Then and Now, 30 Years
Later: Best Practices In
Reproductive Medicine, Part 1

Mark P. Trolice, MD

Common Clinical Scenario: A 29-year-old

review article will help health care profession-
als understand the evolving science of ad-
vanced reproductive technology, appropriately

white female and her partner of the same
race present with 2 years of infertility.
Her hushand experienced infertility in
a prior marriage, with the diagnosis of
azoospermia, but did not pursue further
evaluation. They are not interested in
therapeutic donor sperm insemination.
The patient also would like information
on fertility preservation options hecause
she is concerned about her age. You refer
the male to a urologist, who diagnoses
congenital bilateral absence of the vas

counsel patients, and provide
treatment options.

Since the first baby born in
1978 from a “natural cycle” IVF
treatment (ie, without ovary-
stimulating medications), the
field of reproductive medicine
has been simultaneously asso-
ciated with cutting edge science
and political/social/religious
controversy. The technology
was catapulted to the forefront
of reproductive endocrinology,
offering patients unprece-

FOCUSPOINT

Just because a
procedure canbe
performed, should it?
Hence, the enduring
slippery slope that is
medically assisted
reproduction.

deferens with otherwise normal external
male genitalia. Astute testing determines
both the male and female are carriers of
cystic fibrosis.

What fertility treatment options using
the male partner's sperm are available to
this couple? How can they avoid the
potential transmission of cystic fibrosis
to their offspring? Are there any fertility-
sparing options available today?

he first of this 2-part series will pre-
sent the milestones of in vitro fertil-
ization (IVF) from its foundation to
intracytoplamsic sperm injection,
blastocyst culture, and third-party
reproduction. Part 2 will examine preimplanta-
tion genetic diagnosis and discuss the new
technologies of egg freezing, comparative ge-
nome hybridization, and metabolomics. This

Mark P. Trolice, MD, is Director, Fertility CARE (Center of
Assisted Reproduction & Endocrinology); and Founder,
Fertile Dreams, Inc; both in Orlando, FL. He is also on the
Editorial Board of The Female Patient.
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dented opportunity for parent-
ing when adoption previously
was the only alternative. The
moral dilemma of the time was
concern over engineering babies and “playing
God”

Thirty years later, the number of live births
from the use of IVF in the United States is
approximately 1% (Figure 1).! There are many
new answers to patient infertility problems, but
just as many, if not more, questions raised over
the applicability of this never-ending new fron-
tier. Ultimately, this begs the question: Just
because a procedure can be performed, should
it? Hence, the enduring slippery slope that is
medically assisted reproduction.

IVF BASICS

The basic premise of IVF involves controlled
ovarian hyperstimulation (COH) in order to
obtain multiple oocytes from a single follicular
phase. In a natural cycle, hundreds of antral fol-
licles undergo gonadotropin-dependent stimu-
lation, yet only one dominant follicular cyst
expels an oocyte during the 50-hour luteinizing
hormone (LH) surge; the remaining cohort of
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otropin-releasing hormone (GnRH) agonists
were added for hypothalamic-pituitary-ovarian
(HPO) suppression, and this remains the stan-
dard today. Described as the “long protocol,” the
GnRH agonist is usually begun in the mid-luteal
phase, either one week after spontaneous ovula-
tion or overlapping combined oral contracep-
tives. Within 8 days, HPO suppression ensues
(medical menopause) and effective ovulation
inhibition is the rule with rare exception.
Because of the extended duration of injections
and increased risk of ovarian hyperstimulation
syndrome with GnRH agonists, an alternative
became available in the late 1990s in the form of
GnRH antagonists. The main advantage of this
new option is its mid-follicular initiation timing
in the treatment cycle. This results in immediate
and reversible suppression of ovulation, with
overall fewer days of injections. The prompt ces-
sation of ovulation suppression with the antago-
nists has allowed for final maturation of the

FIGURE 2. Percentages of transfers that resulted in live births for assisted

reproductive technology cycles using fresh nondonor eggs or embryos,
by woman's age, 1996-2006.
Source: www.cdc.gov/ART/ART2006/section5.htm.

oocytes with GnRH agonists to reduce the risk of
ovarian hyperstimulation syndrome in hyper-
responding patients. This process avoids the
hCG trigger, a known putative stimulus for this

serious complication, but luteal support and
outcome may be compromised.® To date, there
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remain lingering concerns of efficacy with the
antagonists compared to the agonist.

FERTILIZATION: AVOIDING DONOR SPERM

The assisted fertilization technique of intracyto-
plasmic sperm injection utilized during IVF
revolutionized the treatment of male factor
infertility when used for azoospermia (sperm
produced in very low numbers or entirely absent
from ejaculation). Serendipitously discovered in
1992, intracytoplasmic sperm injection resulted
from the insertion of a single sperm directly into
the ooplasm of the oocyte rather than just under
the zona pellucida (the intended destination).”
Some men experience azoospermia from absent
or blocked reproductive ducts (obstructive),
whereas others may have no sperm production
with normal anatomy (nonobstructive). A minor
outpatient procedure, testicular sperm aspira-
tion, harvests sperm directly from the testes and
is then used with IVF and intracytoplasmic
sperm injection. Of men with congenital bilat-
eral absence of the vas deferens, 42% to 72% are

FIGURE 3. Percentages of transfers that resulted in live births using fresh
or frozen nondonor eggs or embryos, by intracytoplasmic sperm injection
(ICSl), 1996-2006.

Source: www.cdc.gov/ART/ART2006/section5.htm.

carriers of cystic fibrosis and require testicular
sperm aspiration.®®

Originally regarded as experimental, intracy-
toplasmic sperm injection was thrust into IVF
clinic procedures without the usual random-
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Video of Intracytoplasmic
Sperm Injection

Access this video on the technique of intracyto-
plasmic sperm injection, and see a single sperm
taken up into a micropipette and be inserted
directly into a single egg to overcome a male
factor. Windows Media Video (WMV) format
(549 kb) http://myfertilitycare.com/ivf_icsi.asp.

ized prospective trials and safety analysis.
Despite its clear efficacy, concerns remain
regarding the genetic implications of this tech-
nology, as will be discussed in Part 2 of this
article, and more recently a reduction in the
male sex ratio.! Pregnancy rates are analogous
with or without the use of intracytoplasmic
sperm injection (Figure 3).

BLASTOCYST DEVELOPMENT:

ADVANCED EMBRYO CULTURE

Until the later 1990s, following fertilization the
embryos were routinely grown and transferred
on day 2 (2-4 embryo cell stage) or day 3 (6-8
embryo cell stage), yet implantation rates were
only 10%." Methodology in the laboratory re-
quired understanding more complicated meta-
bolic requirements of the embryo at this early
stage. From fertilization until day 3, the oocyte
DNA is believed to contribute to embryo devel-
opment, then the embryonic genome orches-
trates further growth. The ability to culture
embryos to the blastocyst stage created several
advantages in IVF, namely improved implanta-
tion and reduced number of embryos trans-
ferred. A blastocyst is formed when an embryo
reaches the 5- to 7-day stage, and the embryo
has between 60 and 100 cells distributed in 2

More Information About IVF

To review the 2009 World Health Organization
glossary of IVF terms, see: Zegers-Hochschild F,
Adamson GD, de Mouzon J, et al. International
Committee for Monitoring Assisted Reproductive
Technology (ICMART) and the World Health
Organization (WHO) revised glossary of ART termi-
nology, 2009. Fertil Steril. 2009;92(5):1520-1524.

Interested in a more detailed history of in vitro
fertilization? Access “The History of IVF:

The Milestones,” a 30-year timeline, at
www.ivf-worldwide.com/ivf-history.html.
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areas: an outer trophoblast (which will later
form the placenta) and an inner cell mass
(which will later become the fetus). Initially,
the pregnancy success following day 3 versus
day 5 embryo transfer did not appear to differ.'?
However, recent advances in chronic gonado-
tropin hormone and metabolomics are promis-
ing to further enhance the high implantation
potential of a single blastocyst, thereby lower-
ing the multiple gestation risk.

COMPLICATIONS

Of the side effects and risks involved with in-
fertility treatment, the most severe and feared
is ovarian hyperstimulation syndrome."” The
reproductive pathophysiologic equivalent of
severe preeclampsia, severe
ovarian hyperstimulation
syndrome occurs in 0.2% to
0.5% of treatment cycles and
originates from excessive fol-
licular response by the ovaries
to gonadotropin injections,
causing vascular permeabil-
ity, ascites, and hemoconcen-
tration that result in prerenal
azotemia, thromboembolism,
pulmonary compromise, and,
rarely, mortality."#'® Patients
at higher risk for ovarian hy-
perstimulation syndrome are
those with a prior history and
with polycystic ovary syn-
drome. Treatment strategies
at preventing this life-threatening condition
have included:

o Intravenous albumin

« Discontinuation of gonadotropin injections

(called “coasting”) until the estradiol level
falls to a more acceptable level (usually 3,000
pg/mL)

o Cryopreservation of all the embryos and

avoiding embryo transfer

« Triggering the final maturation of eggs with

a GnRH agonist rather than hCG

« The dopamine agonist cabergoline.

All of these methods have met with varying
degrees of success, but the only foolproof
method is cancellation of the cycle prior to
hCG injection. Though the exact etiology has
not been elucidated, ovarian hyperstimula-
tion syndrome invariably results from hCG
stimulation to the ovarian follicles in conjunc-
tion with vascular endothelial growth factor
activation. Consequentially, the hCG trigger

syndrome.

FOCUSPOINT

Of the side effects
and risks involved
with infertility treat-
ment, the most severe
and feared is ovarian
hyperstimulation
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