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DEBATE

Safety issues in assisted reproduction technology

The children of assisted reproduction confront the responsible conduct of assisted
reproductive technologies
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Neurological sequelae and multiple birth defects have been observed in children conceived by IVF and ICSI.
Multiple pregnancy is the most important risk factor. These health problems challenge the responsible practice of
medicine. The core values of medicine and the deontology of the profession have been reviewed to define the
responsible conduct of research and clinical practice. Professional associations have proposed guidelines to reduce
health problems in assisted reproductive technology. Although these health problems could have been prevented,
this response by the medical community is nonetheless an important step towards improving responsible medical
practices that have become questionable over the years. Professional associations must find out means, not only to
implement their guidelines, but also to prevent the recurrence of such episodes in the history of medicine.
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Introduction

Assisted reproductive technology (ART) has enabled many
couples to achieve long-awaited dreams of having children.
But, recently, it was demonstrated that children conceived
through IVF experienced more complications than the general
population (Strömberg et al., 2002). Although singleton infants
born after IVF had a greater risk of low birth weight (Schieve
et al., 2002) or multiple birth defects (Hansen et al., 2002;
Koivurova et al., 2002) than naturally conceived infants, twin
pregnancy is clearly the most important risk factor (Hansen
et al., 2002; Koivurova et al., 2002; Schieve et al., 2002;
Strömberg et al., 2002). Multiple pregnancies result in a higher
frequency of perinatal mortality (Luke and Keith, 1992; Gissler
et al., 1995; Tarin and Cano, 1995; Lieberman, 1998; Murdoch,
1998), morbidity (Luke and Keith, 1992; Seamark and
Robinson, 1995; Murdoch, 1998; Keith et al., 2000) and
psychological sequelae (Olivennes et al., 2001; White and
Leuthner, 2001). Furthermore, obstetrical and perinatal costs
are considerably higher for twins and triplets than for singletons
(Callahan et al., 1994; Souter and Murphy Goodwin, 1998;
ESHRE Capri Workshop Group, 2000; White and Leuthner,
2001).

These health problems and costs are a tragedy for the infant
and the family and cause concern among health-care providers
and policymakers [Centers for Disease Control and Prevention
(US), 2000]. Therefore, it challenges the responsible practice
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of medicine and the regulation in the field of reproductive
medicine.

The aim of this paper is to explore the responsible practice
of assisted reproductive technology in the light of the core
values of medicine and the deontology of the profession.

Core values of medicine

Traditionally, the goals of medicine have been to: (i) preserve
and extend life, (ii) promote and maintain health, and (iii)
relieve pain and suffering. The Declaration of Helsinki (World
Medical Association; Article 2) is explicitly clear in this effect:
‘It is the duty of the physician to promote and safeguard the
health of the people. The physician’s knowledge and conscience
are dedicated to the fulfilment of this duty’.

An international group of experts, re-examining these goals
in light of ‘contemporary possibilities and problems’, suggested
four goals ‘representing the core values of medicine’ (Callahan,
1996): the prevention of disease and injury and promotion and
maintenance of health; the relief of pain and suffering caused
by disease; the care and cure of those with a disease, and the
care of those who cannot be cured; and, the avoidance of
premature death and the pursuit of a peaceful death’.

Medical practices should always be based on these values
and responsibilities as they are primordial in respecting human
dignity as expressed by the search of morally acceptable ends
and morally acceptable means to those ends.
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Professional medical guidelines: rethinking medical practices
in assisted reproductive technology

Taking medical values into consideration, several medical
associations that have recognized the health problems and
obstetrical and perinatal costs that arise from infertility treat-
ments have defined guidelines to prevent or to reduce these
undesirable pregnancies. Three types of medical solutions have
been introduced, namely a tighter control of the uses of ovarian
drugs, the transfer of fewer IVF embryos, and the non-selective
embryo reduction (Aberg et al., 1978; Maymon et al., 1995).
The two last options will be discussed here.

Reducing the number of embryos transferred

The European Society of Human Reproduction and Embry-
ology (ESHRE) has recently reviewed its guidelines on good
practices in IVF laboratories (ESHRE Campus Course Report,
2001). Because the goal of infertility treatment is to aid
prospective parents—as much as possible and with the least
harm—in achieving their desire to have children, the general
view of ESHRE is that gynaecologists should always aim for
singleton pregnancies. Methods of single embryo transfer
(SET) have been refined to result in acceptable pregnancy and
multiple pregnancy rates (Gerris et al., 1999; Van Royen et al.,
1999; Vilska et al., 1999; ESHRE Campus Course Report,
2001; Tiitinen et al., 2001). Maintaining these rates is made
feasible by improved techniques to help predict an embryo’s
chances of survival (Steer et al., 1992; Visser and Fourie,
1993) and the pattern of cell division, the absence of a
multinucleated blastomere and a low degree of fragmentation
correlate with the quality of the embryo and the implantation
rate (Gerris et al., 1999; Van Royen et al., 1999; Vilska et al.,
1999; Milki et al., 2000; The ESHRE Capri Workshop Group,
2000; Tiitinen et al., 2001; Van Royen et al., 2001). In this
respect, culturing the conceptus for 3 days and transferring a
single embryo (elective SET) might be the right option since
no advantage of blastocyst transfer over day 3 transfer has
been shown (Rienzi et al., 2002; Utsunomiya et al., 2002).
Considering the above information, elective SET, particularly
in selected groups of patients at high risk of multiple pregnan-
cies, is the sole solution to the epidemic problem of post-IVF/
ICSI twin pregnancies, probably at whatever stage the transfer
is conducted. This group is characterized as being young,
undergoing their first or second IVF cycle, or as having had
prior births (Gerris et al., 1999; Vilska et al., 1999; Hazekamp
et al., 2000; Engmann et al., 2001; ESHRE Campus Course
Report, 2001; Ozturk et al., 2001; Strandell et al., 2002).

As indicated in the ESHRE Campus Report on prevention
of twin pregnancies after IVF/ICSI (ESHRE Campus Course
Report, 2001), ‘Common sense dictates that elective SET as
a concept should be applied from now onward... Elective SET
should be recommended without further delay if at least two
conditions are fulfilled: the patient is twin prone; this definition
needs to be further fine-tuned in well-designed clinical studies,
but currently includes: age (definitely if �34; probably if
�38 years of age) and rank of trial (first trial, probably second
trial as well); if a ‘top-quality embryo’ can be transferred’.

The American Society for Reproductive Medicine (ASRM)
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has adopted a much more tolerant approach (American Society
for Reproductive Medicine, 1999): ‘In patients with the most
favorable prognosis usually no more than two good quality
embryos should be transferred...’ (Article II.A). In low prog-
nosis patients: ‘...no more than five good quality embryos
should be transferred’ (Article II.D).

The couple should be thoroughly informed of the risks of
multiple gestation in cases where more than one embryo is
transferred (American Society for Reproductive Medicine,
1999; Gianaroli et al., 2000). Indeed, the transfer of two good
quality embryos in the good prognosis patients leads to
unacceptable frequency of twin gestations (around 40%)
(Staessen et al., 1995; Milki et al., 1999), thus increasing
health problems for both the newborn infant and the mother
(Bergh et al., 1999). Once informed of these obstetrical and
neonatal risks, couples can be easily persuaded to opt for
transfer of two embryos, and patients with good prognoses
can be advised to accept the transfer of a single embryo
(Coetsier and Dhont, 1998).

Non-selective fetal reduction

The rationale behind fetal reduction is that by reducing the
number of fetuses one decreases the incidence of biological
complications. Only a limited number of studies have compared
the outcome of multiple gestations with and without embryo/
fetal reduction; however, according to the literature, an
improvement in outcomes for the infant and the mother has
been reported (Souter and Murphy Goodwin, 1998).

Fetal reduction decreases the incidence of spontaneous
abortion, preterm birth, low birth weight, and very low birth
weight infants (Lipitz et al., 1994; Berkowitz et al., 1996;
Evans et al., 1996; Kadhel et al., 1998; Souter and Murphy
Goodwin, 1998). This effect seems more significant in quad-
ruple and higher order multiple gestations (Berkowitz et al.,
1996). Certain studies have reported no reduction in fetal
mortality in triplet pregnancy (Porreco et al., 1991; Lipitz
et al., 1996; Angel et al., 1999), but numerous other reports
(Macones et al., 1993; Lipitz et al., 1994; Smith-Levitin et al.,
1996; Yaron et al., 1999; Boulot et al., 2000), and a review
(Fasouliotis and Schenker, 1997) suggest a reduction in severe
prematurity, low birth weight, spontaneous abortion and peri-
natal mortality, a potential reduction in severe psychological
and social problems and hospitalization in neonatal intensive
care units (Kadhel et al., 1998). Additionally, Caesarean
deliveries are less frequent once triplets are reduced to twins,
compared with non-reduced triplet pregnancies (Kadhel
et al., 1998).

However, inherent medical risks to the remaining embryo
are part of the possible consequences of fetal reduction, as
~8% of procedures lead to spontaneous abortion of all the
fetuses for triplet or quadruplet pregnancies, and this value
rises to 17.6% when it is applied to sextuplets or more (Souter
and Murphy Goodwin, 1998; Coffler et al., 1999).

Taking into account the biological, psychological, and ethical
issues of fetal reduction, the American College of Obstetricians
and Gynecologists, the ASRM, and the ESHRE Capri Work-
shop Group recommend primary prevention as the first solution
to multiple pregnancies (ACOG, 1999; American Society for
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Reproductive Medicine, 1999; ESHRE Capri Workshop Group,
2000). Indeed, finding technically and medically feasible means
to prevent multiple gestations would obviate the need for
nonselective fetal reduction.

Discussion

The responsible conduct of medicine in reproductive biology

The above analysis shows that the medical community can
find satisfactory solutions to iatrogenic problems. Confronted
with health risks caused by the treatment of infertility, a list
of corrective measures that considerably reduce these problems
has been proposed. Some current guidelines are aimed not
only at the treatment of infertility, but also encompass a broad
range of outcomes of ART pregnancies. Working with such
methods has shown to be beneficial to the health of both
mother and child. Experts even suggest that producing healthy
singleton births should indeed be the main objective of an IVF
centre (ESHRE Campus Course Report, 2001): ‘The long-
term welfare of the family should take precedence over the
short term goal of achieving a pregnancy and ambiguous
preoccupation with success figures. Indeed, a healthy child is
the ultimate goal of IVF-treatment... the professional compet-
ence of an IVF center should be measured in terms of ongoing
singleton pregnancies per cycle’ (p. 798).

Risks must always be weighed against the advantages,
and when alternative solutions presenting minimal risks are
available, the risky procedures should be eliminated. It is
unethical to do harm when safer techniques are available. In
the context of infertility treatment, it is unethical to apply
clinical procedures likely to result in higher multiple pregnancy
rates when it is possible to produce a singleton pregnancy.
The attitude of ESHRE clearly suggests that medical associ-
ations can respond responsibly to the challenge raised by the
consequence of infertility treatment. It also indicates that self-
regulation might be possible in the field, but that it will not
happen until professional associations have found ways and
means to implement their ethical and medical guidelines.

Retrospective analysis of health problems in assisted repro-
ductive technology

The detrimental health consequences of pregnancies resulting
from the transfer of several IVF embryos raise a fundamental
question: at the time of introducing ART into medical practice,
and therefore at the time when the procedure was still experi-
mental, would it have been possible to predict and prevent the
negative outcomes of IVF pregnancies? Research on laboratory
and domestic animals and the practices of embryo transfer in
veterinary medicine has shown that multiple embryo transfer
resulted in multiple gestation. This correlation was demon-
strated a long time ago and was well known by the time of
the birth of the first test-tube baby. At that time the medical
risks of multiple gestations had already been documented
(Itzkowic, 1979; Ron-El et al., 1981). Soon after the introduc-
tion of ART, multiple gestations resulting from the transfer of
IVF embryos were acknowledged. Everyone in the field had
access to these data, and restricting the number of embryos
transferred after IVF was swiftly proposed (Kerin et al., 1983).
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Looking retrospectively at these data, it seems perplexing
that during the 1980s the transfer of multiple IVF embryos
was commonly accepted in medical practice. How could this
have happened in light of the Nuremberg Code precluding any
human experimentation ‘... where there is a priori reason to
believe that death or disabling injury will occur...’ (Nuremberg
Code)? Protecting human subjects has for a long time been a
condition imposed on medical experimentation and treatment.
Such protection is at the heart of the respect for human dignity
(Council of Europe, 1997; The Medical Research Council
et al., 1998).

Respect for human dignity is a moral imperative that
translates into a number of important correlative ethical prin-
ciples directly related to the question in hand. Among these,
physicians have the duty to ensure that patient consent is
informed and not coerced. Patients must be thoroughly
informed of the possible health problems arising from the use
of ovulation-inducing agents or from the transfer of several
IVF embryos. Physicians must avoid, prevent, or minimize
any harm that could be done to their patients.

Experimental or novel treatments should be administered
only if adequate safety has been documented; pre-clinical
studies must first show a minimum degree of safety before the
conduct of clinical trials continues in accordance with basic
ethical principles. This follows the Declaration of Helsinki
(World Medical Association), statements 10 and 11: ‘It is the
duty of the physician in medical research to protect the life,
health, privacy, and dignity of the human subjects.’ (Article
10). ‘Medical research involving human subjects must conform
to generally accepted scientific principles, be based on a
thorough knowledge of the scientific literature, other relevant
sources of information, and on adequate laboratory and, where
appropriate, animal experimentation.’ (Article 11). On the
basis of these principles, the transfer of multiple IVF embryos
should have not even reached phase I in the clinical trials, much
less should it have become a widely accepted medical practice.

Issues for debate

Gynaecologists are treating efficiently, but not always safely,
their patients. The birth of a healthy child, which should be
the most important indicator of a successful infertility treat-
ment, has been neglected. In this difficult context, how can we
define the responsible practice of medicine and the responsible
conduct of research?

Physicians and scientists must have and use the knowledge
and experience needed to aid the treatment of infertility. Their
actions must result in the births of healthy babies, as ESHRE
is recommending. This requires proficiency. Such a goal cannot
be reached without knowing the health risks of multiple
pregnancies and without knowing and prescribing the appro-
priate treatment to prevent undesirable outcomes. This cannot
be done responsibly without great knowledge of universal
ethical principles and local and professional guidelines dealing
with human experimentation or medical treatment, such as
safety of the procedures, beneficence, justice, respect of auto-
nomy: all included and at work in the respect of human dignity.
Once ethical evaluation has been performed, practices may
have to be changed as in the case of the transfer of several
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IVF embryos. Physicians and biomedical researchers must be
sufficiently proficient to find alternatives or to develop new
ethically acceptable medical solutions to prevent iatrogenic
problems. This last responsibility must be delegated to those
who have the competency to resolve biomedical issues—this
role belongs incontestably to physicians and bioscientists.

Conclusions

Professional associations have already begun to define guide-
lines aimed at the ultimate goal of respecting human dignity.
Now comes the responsibility to find means, not only to
implement these guidelines, but also to take all possible
measures to prevent such regrettable episodes of medical
history from ever happening again.
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Strömberg, B., Dahlquist, G., Ericson, A., Finnström, O., Köster, M. and
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