CENTER BIOETHICS
CULTURE

Ovarian Stimulation in Assisted Reproduction
An Educational Guide

This document is intended as a general educational overview of ovarian stimulation, including
the hormones and medications commonly used in women undergoing IVF, women undergoing
egg “donation,” or women choosing elective egg freezing, as well as current research regarding
these procedures and medications.

This document is for educational and informational purposes only. The Center for Bioethics and
Culture does not provide medical advice. Consult your physician should you need medical care.

Overview

Ovarian stimulation—also known as controlled ovarian hyperstimulation—is a key step in
assisted reproductive technologies (ART), including in vitro fertilization (IVF), surrogacy, egg
freezing, and egg “donation” cycles.

In a natural menstrual cycle, one egg typically matures and is released. In contrast, ovarian
stimulation uses powerful hormonal medications to induce the simultaneous development of
multiple follicles (each potentially containing an egg), often producing hormone levels far above
normal ranges in order to retrieve multiple eggs for fertilization, storage, or third-party
reproductive use.

These procedures have become increasingly normalized and commercialized, particularly in the
context of egg “donation” and elective egg freezing. However, it is important to recognize that
the populations undergoing these procedures differ substantially from those struggling with
infertility, seeking IVF for their own pregnancy.

e Much of the existing research and safety data on ovarian stimulation medications comes
from women undergoing IVF for infertility treatment—not from healthy young women
recruited to provide eggs or preserve fertility electively.

e As aresult, findings from infertility populations will not fully apply to healthy egg “donors”
or individuals pursuing elective egg freezing, who often have different baseline health
profiles and may respond more aggressively to hormonal stimulation.

e Despite the rapid expansion of the fertility industry, long-term, population-specific safety
data for egg “donors” and elective fertility preservation remain limited.

Ovarian stimulation protocols involve repeated hormone injections and should include close
medical monitoring through ultrasound imaging and bloodwork. \While many individuals
complete cycles without major complications, ovarian stimulation is associated with recognized
risks, including ovarian hyperstimulation syndrome (OHSS), blood clots, stroke, ovarian torsion,
surgical complications, and, in rare cases, death. Questions also remain regarding potential
long-term effects on reproductive, endocrine, cardiovascular, and cancer-related health



outcomes, particularly in egg “donors” or egg freezers that have not been adequately followed
long term.

Importantly, egg “donors” undergo these procedures without direct medical benefit to their own
health. Egg “donors” are not undergoing treatment for their own medical need and do not
receive the same continuity of care, long-term follow-up, or systematic outcome tracking
as patients in infertility treatment. As a result, meaningful gaps remain in long-term,
population-specific data—particularly regarding repeated exposure to ovarian stimulation in
healthy women recruited for third-party reproduction. There continue to be very real concerns
regarding informed consent, financial inducement, the commercialization of women’s
reproductive capacity, and the lack of comprehensive long-term follow-up data on
healthy women exposed to repeated ovarian stimulation cycles.

Although ovarian stimulation is now routine in reproductive medicine, significant scientific
uncertainties and ethical concerns remain. Individuals considering these procedures should
carefully evaluate both the known risks and the limitations of existing research before
consenting to ovarian stimulation protocols.

How Ovarian Stimulation Works
Medications are typically administered as subcutaneous injections (shots under the skin,
commonly in the abdomen or thigh) for about 7-14 days.

During this time, women undergoing IVF, egg “donation, or elective egg freezing are closely
monitored using:

e Ultrasound imaging (to measure follicular growth)

e Bloodwork (to track hormone levels)

Protocols vary based on:
e Age
e Ovarian reserve: the total supply of healthy, immature eggs (oocytes) in a woman’s
ovaries at any given time
Response history or prior response to stimulation
Clinic practices
Protocol type (e.g., antagonist vs. agonist)

Difference Across IVF, Egg Donation, and Egg Freezing

Although ovarian stimulation follows a similar process across in vitro fertilization (IVF), egg
“donation,” and elective egg freezing, the purpose, ethical context, and risk allocation differ
meaningfully between these populations.

In all cases, ovarian stimulation involves the use of the same core categories of medications,
including injectable gonadotropins (typically follicle-stimulating hormone, with or without
luteinizing hormone activity), medications that suppress premature ovulation such as GnRH
antagonists or agonists, and a final “trigger” medication (either hCG or a GnRH agonist) to



induce final egg maturation. While the pharmacologic agents are broadly consistent across all
three contexts, differences in protocol design, dosing intensity, and clinical intent can
significantly affect the degree of ovarian response and overall physiological exposure. Ovarian
stimulation should be followed by intensive monitoring using ultrasound imaging and bloodwork,
and conclude with a transvaginal egg retrieval procedure.

Despite this shared medical framework, these procedures are not equivalent in intent or ethical
structure. In IVF for infertility, ovarian stimulation is part of an assisted reproductive intervention
that bypasses infertility so that the individual may become pregnant. Protocols are generally
individualized based on diagnosis, ovarian reserve, and prior response, with the goal of
obtaining eggs for embryo creation for the patient’s own reproductive use.

In contrast, egg “donation” involves the use of ovarian stimulation in otherwise healthy
individuals who are not receiving medical treatment, but are undergoing a medically invasive
procedure for the reproductive benefit of others. In practice, stimulation protocols may prioritize
maximizing egg yield per cycle, since the donor is not the intended end user of the eggs. This
creates a fundamental asymmetry in who bears the medical risk versus who receives the
reproductive benefit.

Elective egg freezing similarly involves ovarian stimulation in generally healthy individuals, but
for prospective future use of their own eggs. Although self-directed, the procedure remains
elective and does not treat an underlying medical condition, even when pursued in response to
anticipated age-related fertility decline or social timing pressures.

Importantly, while the medications used are largely the same across all three contexts, the
populations undergoing treatment, clinical priorities, and risk thresholds differ substantially. Most
available safety and outcomes data on ovarian stimulation are derived from women undergoing
IVF for infertility. These populations differ from healthy egg “donors” and individuals pursuing
elective egg freezing, who are often younger and may have different baseline reproductive,
metabolic, and hormonal profiles, as well as different responses to stimulation protocols.

A woman who undergoes multiple ovarian stimulation cycles for egg freezing, or egg “donation”,
may face a higher risk of complications, such as ovarian hyperstimulation syndrome (OHSS),
which can, in rare cases, lead to significant health complications and compromised fertility. Risk
of OHSS is also influenced by individual factors such as ovarian reserve and underlying
conditions like polycystic ovary syndrome (PCOS). In addition, lower body mass index (BMI) has
been associated in multiple studies with increased OHSS risk. For example, Bailey et al. (2014)
reported higher OHSS rates in lean women with PCOS undergoing stimulation compared with
overweight and obese patients, suggesting a dose-response relationship between BMI and
OHSS incidence." This association is also reflected in clinical guidance and observational data
summarized by major medical institutions, including the Mayo Clinic, which lists low body weight
among recognized OHSS risk factors. Further analyses of egg “donor” cycles similarly suggest
that lower BMI may be associated with greater ovarian responsiveness and increased risk of
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OHSS-related complications. These risk factors are clinically relevant in ovarian stimulation
populations more broadly, including individuals undergoing egg “donation” and elective egg
freezing, though population-specific stratified risk data remain limited.

Commonly Used Medications in Ovarian Stimulation

The medications listed below are not always used in the same sequence or combination, and
protocols may vary significantly depending on the clinic, patient characteristics, and whether the
cycle involves IVF, egg freezing, or egg “donation.” Some medications — particularly GnRH
agonists such as Lupron — may be used either before ovarian stimulation begins, during
stimulation, or as part of the trigger process depending on the protocol employed.

1. Gonadotropins (Primary Stimulation Medications)
These drugs directly stimulate follicle development and are typically administered as daily
subcutaneous injections.

Recombinant FSH (rFSH):
Examples:
e Gonal-F (follitropin alfa)
e Follistim AQ/Pen (follitropin beta)
e Other brands: Bemfola, Puregon (in some regions)
Purpose: Stimulate multiple follicle growth
Common Side Effects:
Mood changes (including irritability, anxiety, and emotional fluctuations)
Headache
Bloating
Nausea
Abdominal discomfort
Fatigue
Breast tenderness
Acne, rash
e Injection site reactions (redness, swelling, bruising)
Less Common or Serious Side Effects:
e Ovarian enlargement or cyst formation
e Ovarian Hyperstimulation Syndrome (OHSS), which can range from mild to severe and
include severe bloating, rapid weight gain, severe nausea/vomiting, shortness of breath,
and decreased urine output. Severe OHSS can lead to serious complications, including
blood clots, stroke, pulmonary embolism, kidney dysfunction, respiratory distress,
ovarian torsion, and, in rare cases, death.
Severe allergic reactions are also rare, but possible
Future infertility or compromised infertility

Human Menopausal Gonadotropins (hMG)
Example: Menopur (menotropins)
Purpose: Provides combined FSH + LH stimulation and activity to support follicular development



Side Effects: Similar to rFSH with possible additional reports of back pain, muscle aches,
fatigue, menstrual changes, or drowsiness

Older/Less Common Gonadotropins: Repronex, Bravelle, low-dose hCG (sometimes used as
an LH substitute in certain protocols)

2. GnRH Modulators (Prevent Premature Ovulation)

These drugs, added mid-stimulation (often starting around day 5-6), prevent early luteinizing
hormone (LH) surge and suppress natural ovulation until retrieval. That is, they prevent early
ovulation during stimulation. However, in egg “donation”, they may be used as the first active
medication after birth control to completely "suppress" or "down-regulate" the ovaries so that the
fertility clinic can completely control the woman’s cycle. That is, they are often used prior to
ovarian stimulation drugs previously listed.

GnRH Antagonists (short-acting; common in modern protocols):
Examples: Ganirelix, Cetrotide
Common Side Effects:
e Headache
e Nausea
e Bloating
e Mood changes, including mood swings or emotional fluctuations
e Injection site reactions
Less Common Side Effects:
e Gastrointestinal discomfort, bloating, diarrhea
e Heavy or irregular vaginal bleeding
e In high responders, OHSS can occur, ranging from mild to severe. Severe OHSS can
lead to serious complications, including blood clots, stroke, pulmonary embolism, kidney
dysfunction, respiratory distress, ovarian torsion, and, in rare cases, death
e Rare allergic reactions

GnRH Agonists (used in longer "down-regulation™ protocols and/or trigger protocols):
Examples: Lupron (leuprolide acetate), Synarel (nafarelin nasal spray), Decapeptyl (triptorelin),
Zoladex (goserelin; less common in stimulation cycles)
Purpose: In some traditional “long Lupron” protocols (as in the case with egg “donation” —
historically common in many IVF and egg donation cycles — Lupron may be started prior to
ovarian stimulation medications in order to achieve pituitary suppression before follicle
stimulation begins. In other protocols, GnRH agonists may also be used later in the cycle as a
trigger for final egg maturation.
Common Side Effects:

e Hot flashes
Headache
Fatigue
Nausea
Mood changes



e Injection site irritation
Less Common Side Effects:
Breast tenderness
More pronounced vasomotor symptoms in some individuals
Severe nausea
Mood swings

3. Trigger Shot (Final Egg Maturation)
Administered about 36 hours prior to egg retrieval to mimic the natural LH surge and induce
final egg maturation.

hCG Trigger(human chorionic gonadotropin):
Examples: Ovidrel, Pregnyl, Novarel, Profasi
Common Side Effects:

e Abdominal discomfort

e Nausea and vomiting

e Headache

e Injection site reactions

e OHSS in susceptible individuals

Less Common or Serious Side Effects:

e OHSS risk: hCG triggers are associated with a higher risk of OHSS in susceptible
individuals. In severe cases, OHSS may lead to complications such as fluid
accumulation, blood clots, stroke, pulmonary embolism, kidney dysfunction, respiratory
distress, or ovarian torsion. Rarely, these complications may become life-threatening.
Allergic reactions
Severe pelvic pain

GnRH Agonist Trigger (for high responders):
Examples: Leuprolide acetate (higher dose Lupron) or dual trigger (Lupron + low-dose hCG)
Purpose: Used to induce final egg maturation prior to retrieval. GnRH agonist triggers are often
used in patients at elevated risk for OHSS because they are associated with a lower incidence
of severe OHSS compared with hCG-only triggers.
Common Side Effects:

e Hot flashes

e Headache

e Fatigue

e Nausea

e Injection site irritation
Less Common Side Effects:

e Mood swings

e Vasomotor Symptoms

e Breast tenderness

e Severe nausea/vomiting



Monitoring & Safety Notes
Modern IVF protocols in the U.S. commonly use:

e FSH-based stimulation
GnRH antagonist (e.g., Ganirelix or Cetrotide)
e hCG or GnRH agonist trigger

Some protocols may include adjuncts (e.g., growth hormone), though these are not standard.

Oral medications or drugs (e.g., Clomid/clomiphene or letrozole) are sometimes used for milder
stimulation or in mini-IVF, but injections dominate true ovarian stimulation for IVF.

Protocols can be highly individualized. If preparing for or in a cycle, the clinic will provide
detailed instructions, mixing guides, and injection education.

IVF Drug Research & Long-Term Effects

There are numerous published studies and systematic reviews examining the potential toxicity
(e.g., side effects, hormonal disruptions) and long-term health effects of IVF drugs, such as
gonadotropins (e.g., FSH like Gonal-F or Follistim, hMG like Menopur), GhnRH modulators (e.g.,
antagonists like Ganirelix or agonists like Lupron), and triggers (e.g., hCG like Ovidrel). These
investigations primarily focus on maternal health (e.g., cancer risk, cardiovascular issues,
metabolic disorders) and offspring outcomes (e.g., birth defects, long-term health).

This section is not intended to provide an exhaustive or systematic review of the literature.
Rather, it offers a broad overview of key themes, recurring findings, and ongoing uncertainties in
the research on ovarian stimulation medications. Given the breadth of available studies and the
variability in study design, populations, and follow-up duration, the goal is to highlight general
patterns and areas of concern rather than to comprehensively evaluate every published study.

A major limitation across this literature is that most available research focuses on women
undergoing IVF for infertility. As a result, findings are not fully applicable to healthy egg “donors”
or individuals undergoing elective egg freezing, who are often younger, have different baseline
health profiles, and may experience different physiological responses to ovarian stimulation
(e.g., older or infertile ovaries typically don’t respond as robustly as healthy, young ovaries
would). Additionally, long-term, population-specific data for these groups remain extremely
limited, particularly in relation to repeated exposure over multiple cycles, despite concerns
raised for these populations of women and despite years of practice on these young women.
Additionally, long-term, population-specific data on individuals undergoing ovarian stimulation for
“donation” or elective fertility preservation remain extremely limited. The relative lack of targeted
research in these populations means that uncertainties remain and true, informed consent is
lacking.



It can also be difficult to distinguish the effects of fertility medications from underlying factors
such as infertility itself, age, or associated reproductive conditions. This makes causal
interpretation challenging and contributes to ongoing uncertainty regarding long-term outcomes.

Maternal Health

Studies often assess risks like cancer (hormone-sensitive types such as ovarian, breast, or
endometrial), cardiovascular disease, metabolic issues, and bone health, given the drugs'
temporary elevation of hormones like estrogen.

Cancer Risk

Guidelines from the American Society for Reproductive Medicine (ASRM, 2024)? reviewed
multiple studies and concluded that “there does not appear to be a” link between IVF drugs and
breast, colon, cervical, or uterine cancer”. However, interpretation remains weak because many
cited studies have severe methodological limitations, including relatively short follow-up periods,
heterogeneous patient populations, and confounding factors related to infertility itself.

Importantly, most existing studies are primarily derived from infertility populations and cannot be
applied to healthy individuals undergoing ovarian stimulation for egg “donation” and individuals
pursuing elective egg freezing. These groups differ significantly in age, baseline health status,
reproductive history, and exposure context, making extrapolation of risk estimates inappropriate.

For breast cancer specifically, a key limitation is latency. Breast cancers often develop years
after exposure, yet many studies do not follow patients long enough to capture lifetime risk.? In
addition, there is no national long-term registry for egg donors in the United States, and
donor-specific follow-up studies remain limited in both duration and sample size. For example,
the largest available donor follow-up study tracked participants for an average of approximately
11 years, at a time when the mean age of respondents was 42, well below the peak incidence
window for breast cancer.*

At present, available evidence remains inconclusive and difficult to interpret. However, the
absence of definitive findings should not be interpreted as evidence of safety, particularly in
populations that have not been adequately studied over the long term.

There is also an ongoing investigation into possible associations between fertility medications
and other hormone-sensitive cancers, including ovarian and thyroid cancers. Interpretation of
these findings is complicated by confounding factors such as underlying infertility, delayed
childbearing, and related conditions. However, one 2018 systematic review and meta-analysis®
reported a statistically significant association between fertility drug exposure and thyroid cancer
risk among infertile women, with clomiphene citrate specifically associated with elevated risk in
several included studies. However, the authors emphasized substantial limitations in the
available evidence and emphasized the need for additional long-term research.

2 https://www.asrm.org/practice-guidance/practice-committee-documents/fertility-drugs-and-cancer-a-quideline-2024
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Overall, it cannot be stressed enough that the relationship between infertility treatment and
cancer incidence remains an open question. It is concerning that after years of use and practice,
physicians and researchers still fail to understand the relationship between these drugs and
cancer risks - especially for young women “donating” or freezing eggs. It remains troubling that
data given to egg “donors” during the informed consent process is being inferred from an
entirely different population of women (infertile women). Researchers write, “In the absence of
high-quality, long-term studies of egg donors, conclusions about their cancer risks have been
extrapolated from the increasingly large number of studies of long-term risks in another group,
infertile women who undergo ovarian stimulation in order to produce multiple eggs for their
personal use for IVF. The problem with equating these two groups is that they differ in several
ways; for example, at the time of their egg retrieval, infertile women are generally older than
altruistic or commercial egg donors.”

Cardiovascular and Metabolic Risks

Some studies suggest possible associations between fertility treatment and cardiovascular or
metabolic conditions, but findings are inconsistent and limited. No definitive causal relationship
has been established.

Future Fertility for Egg “Donors” and Freezers

Long-term effects of ovarian stimulation on future fertility and overall ovarian function remain
incompletely understood, particularly in populations such as egg “donors” and individuals who
undergo multiple stimulation cycles. While short-term recovery of ovarian function after
stimulation is generally expected, there are still no long-term, population-specific data evaluating
cumulative or delayed reproductive effects in these groups. This uncertainty is especially
relevant given that both egg “donors” and elective egg freezers may be exposed to repeated
cycles of hormonal stimulation, yet are absent in long-term outcome studies. Much of the
available research is derived from infertility populations, which differ meaningfully in baseline
reproductive health and are not directly generalizable to healthy individuals undergoing elective
or third-party reproductive procedures.

In addition to these uncertainties, several procedure-related risks should be considered. For
example, ovarian hyperstimulation can, in rare cases, lead to complications such as ovarian
torsion, which may require urgent surgical intervention and can result in loss of ovarian tissue.
The egg retrieval procedure itself carries standard surgical risks, including bleeding, infection,
and, in rare instances, injury to surrounding pelvic structures.

There has also been ongoing discussion in the literature regarding whether repeated ovarian
stimulation may have implications for ovarian reserve over time; however, findings are
inconsistent. Interestingly, in Eggsploitation, a documentary film about the egg “donation”
industry, one woman who previously “donated” eggs later required IVF to conceive her own
children, highlighting the uncertainty surrounding long-term reproductive outcomes in this
population. The film also documents two additional women who experienced strokes related to
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OHSS and subsequently lost their fertility, underscoring the potential severity of these
complications.

Other Long-Term Effects

Some current evidence does not demonstrate significant long-term effects on bone density or
endocrine health. However, research remains ongoing, particularly in populations outside of
infertility treatment. Hormonal stimulation cycles can cause short-term elevations in estrogen
levels, and while these changes are generally considered temporary, the long-term implications
of repeated exposure are not yet fully understood. Individuals with hormone-sensitive
conditions, such as PCOS’ or endometriosis®, may require additional consideration, although
evidence regarding long-term effects in these groups remains limited.

Again, further long-term, population-specific research is needed to better understand potential
risks and outcomes.

Offspring Health

Research on children conceived through assisted reproductive technologies (ART) is often
included in discussions of IVF. However, it is important to note that most of these studies
evaluate outcomes associated with the entire IVF process—not the isolated effects of ovarian
stimulation medications, which is the focus of this document.

Factors such as, but not limited to:

Underlying infertility

Parental age and health

Laboratory conditions and embryo culture
Use of intracytoplasmic sperm injection (ICSI)
Higher rates of multiple pregnancies

can all influence outcomes, making it difficult to determine whether any observed differences are
related specifically to fertility medications.

At present, there is no conclusive evidence that ovarian stimulation drugs independently
cause adverse long-term health outcomes in offspring, and isolating their specific effects
remains an area of ongoing research.

Limitations of Current Research

A significant limitation in the existing literature is the duration of follow-up. Some researchers
have argued that studies evaluating breast cancer risk may not track participants long enough to
assess cancers that commonly emerge decades after fertility treatment exposure. Additionally,
many studies combine heterogeneous populations—including infertile IVF patients, egg donors,
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and individuals pursuing elective fertility preservation—despite meaningful differences in
baseline health status, reproductive history, and hormone exposure.

e Many studies focus primarily on individuals with infertility

e Underlying infertility and associated conditions may independently affect health
outcomes

e Data on surrogate mothers, egg “donors”, and individuals undergoing elective egg
freezing remain limited, particularly regarding long-term outcomes. Egg donors and
women who choose to freeze their eggs are typically healthy and highly responsive to
fertility medications, which distinguishes them from populations undergoing treatment for
infertility. Because of these differences, findings from infertility research may not fully
apply to these groups, and additional population-specific studies are needed. Egg
“‘donors”, in particular, are undergoing procedures with unknown risks and reproductive
outcomes with no benefit to their own health.

e [Egg freezing has become increasingly common in recent years; however, it was only
relatively recently reclassified from an experimental procedure, and despite growing use,
evidence on long-term safety, effectiveness, and outcomes remains limited, with ongoing
uncertainty about potential risks and benefits.®
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