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Preface from the Chairperson

¢

As Canadians living in the last decade of the twentieth century, we
face unprecedented choices about procreation. Our responses to those
choices — as individuals and as a society — say much about what we value
and what our priorities are. Some technologies, such as those for assisted
reproduction, are unlikely to become a common means of having a family
— although the number of children born as a result of these techniques is
greater than the number of infants placed for adoption in Canada. Others,
such as ultrasound during pregnancy, are already generally accepted, and
half of all pregnant women aged 35 and over undergo prenatal diagnostic
procedures. Still other technologies, such as fetal tissue research, have
little to do with reproduction as such, but may be of benefit to people
suffering from diseases such as Parkinson’s; they raise important ethical
issues in the use and handling of reproductive tissues.

It is clear that opportunities for technological intervention raise issues
that affect all of society; in addition, access to the technologies depends on
the existence of public structures and policies to provide them. The values
and priorities of society, as expressed through its institutions, laws, and
funding arrangements, will affect individual options and choices.

As Canadians became more aware of these technologies throughout
the 1980s, there was a growing awareness that there was an unacceptably
large gap between the rapid pace of technological change and the policy
development needed to guide decisions about whether and how to use such
powerful technologies. There was also a realization of how little reliable
information was available to make the needed policy decisions. In addition,
many of the attitudes and assumptions underlying the way in which
technologies were being developed and made available did not reflect the
profound changes that have been transforming Canada in recent decades.
Individual cases were being dealt with in isolation, and often in the absence
of informed social consensus. At the same time, Canadians were looking
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more critically at the role of science and technology in their lives in general,
becoming more aware of their limited capacity to solve society’s problems.

These concerns came together in the creation of the Royal Commission
on New Reproductive Technologies. The Commission was established by
the federal government in October 1989, with a wide-ranging and complex
mandate. It is important to understand that the Commission was asked to
consider the technologies’ impact not only on society, but also on specific
groups in society, particularly women and children. It was asked to
consider not only the technologies’ scientific and medical aspects, but also
their ethical, legal, social, economic, and health implications. Its mandate
was extensive, as it was directed to examine not only current developments
in the area of new reproductive technologies, but also potential ones; not
only techniques related to assisted conception, but also those of prenatal
diagnosis; not only the condition of infertility, but also its causes and
prevention; not only applications of technology, but also research,
particularly embryo and fetal tissue research.

The appointment of a Royal Commission provided an opportunity to
collect much-needed information, to foster public awareness and public
debate, and to provide a principled framework for Canadian public policy
on the use or restriction of these technologies.

The Commission set three broad goals for its work: to provide
direction for public policy by making sound, practical, and principled
recommendations; to leave a legacy of increased knowledge to benefit
Canadian and international experience with new reproductive technologies;
and to enhance public awareness and understanding of the issues
surrounding new reproductive technologies to facilitate public participation
in determining the future of the technologies and their place in Canadian
society.

To fulfil these goals, the Commission held extensive public consulta-
tions, including private sessions for people with personal experiences of the
technologies that they did not want to discuss in a public forum, and it
developed an interdisciplinary research program to ensure that its
recommendations would be informed by rigorous and wide-ranging
research. In fact, the Commission published some of that research in
advance of the Final Report to assist those working in the field of
reproductive health and new reproductive technologies and to help inform
the public.

The results of the research program are presented in these volumes.
In all, the Commission developed and gathered an enormous body of
information and analysis on which to base its recommendations, much of
it available in Canada for the first time. This solid base of research findings
helped to clarify the issues and produce practical and useful
recommendations based on reliable data about the reality of the situation,
not on speculation.

The Commission sought the involvement of the most qualified
researchers to help develop its research projects. In total, more than 300
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scholars and academics representing more than 70 disciplines — including
the social sciences, humanities, medicine, genetics, life sciences, law,
ethics, philosophy, and theology — at some 21 Canadian universities and
13 hospitals, clinics, and other institutions were involved in the research
program.

The Commission was committed to a research process with high
standards and a protocol that included internal and external peer review
for content and methodology, first at the design stage and later at the
report stage. Authors were asked to respond to these reviews, and the
process resulted in the achievement of a high standard of work. The
protocol was completed before the publication of the studies in this series
of research volumes. Researchers using human subjects were required to
comply with appropriate ethical review standards.

These volumes of research studies reflect the Commission’s wide
mandate. We believe the findings and analysis contained in these volumes
will be useful for many people, both in this country and elsewhere.

Along with the other Commissioners, I would like to take this
opportunity to extend my appreciation and thanks to the researchers and
external reviewers who have given tremendous amounts of time and
thought to the Commission. I would also like to acknowledge the entire
Commission staff for their hard work, dedication, and commitment over the
life of the Commission. Finally, I would like to thank the more than 40 000
Canadians who were involved in the many facets of the Commission’s work.
Their contribution has been invaluable.

fadrees Q. Baid

Patricia Baird, M.D., C.M., FRCPC, F.C.C.M.G.
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¢

The practice of prenatal diagnosis involves a complex relationship
between technology and individuals, partly because of the seriousness of
the choices that may have to be made because of the technology’s use.
This relationship provides the context for the studies in the next three
volumes examining prenatal diagnostic technologies. This volume outlines
the development of prenatal diagnosis in Canada and what is known about
its risks and long-term effects. It goes on to provide some data relevant to
the demographics of women in Canada using prenatal diagnosis and then
explores in depth the views of some of these women.

An understanding is needed of what the technologies are, and the
volume begins with a description of them. Prenatal diagnosis is predicated
upon the existence of diagnostic procedures that are capable of providing
accurate and timely information about the status of the fetus; in light of
such information, subsequent choices may be made. The nature of these
choices — whether to terminate or to continue a pregnancy in the event
that a congenital anomaly or genetic disease is detected — is difficult and,
ultimately, personal. The second half of this volume consists of studies
presenting the views and insights of some people who have faced such
choices.

Knowing how the major diagnostic tests were developed, tested, and
put into use, and how they are used by women and couples at higher risk
of having an affected child helps in understanding how the current system
of prenatal diagnosis operates — the subject of Volume 13 — and how it is
likely to develop in the future, the subject of Volume 14.

The Studies

The description of the history and evolution of prenatal diagnosis by
Ian MacKay and Clarke Fraser is important not only for its introduction to
the technologies themselves, but also for the way in which it relates the
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Canadian experience and approach to technology development in this area.
The collaborative process of multicentre trials, which was used to establish
the safety and effectiveness of both amniocentesis and chorionic villus
sampling (CVS), has made Canada a world leader in this area, and it
provides a model for the practical application of the concept of evidence-
based medicine in other areas. Their study is important for anyone
interested in understanding where prenatal diagnosis has come from and
how it has evolved from a peripheral activity by some doctors in response
to concerned couples into a widely accepted activity involving highly
sophisticated techniques in 22 genetics centres across Canada.

One of the topics that Mr. MacKay and Dr. Fraser discuss is the risks
associated with prenatal diagnosis. The next two studies in this volume
then go on to offer a more detailed elaboration of this discussion. They
assess data on the risks associated with specific prenatal diagnostic
techniques and examine data regarding possible post-natal medical and
psychological effects of prenatal diagnosis on offspring.

In the first study, Commission staff assess the three categories of risk
present in prenatal diagnosis: procedural complications that are a direct
result of the technology and could cause harm to the mother or fetus;
uncertainties relating to the fact that results in some cases must be stated
in terms of probabilities rather than certainties; and human error in
laboratory analysis and interpretation.

The results of this assessment are reassuring. In the case of second-
trimester amniocentesis, which is still the most commonly used invasive
prenatal diagnostic procedure, the authors found that risks to the woman
are extremely low and that fetal injuries or loss are rare. The next most
commonly used invasive procedure, CVS, which has the advantage of being
carried out earlier in a pregnancy, was found to carry a somewhat greater
risk of maternal complications, higher rates of fetal loss, and more
diagnostic complications than amniocentesis. For this reason, physicians
and researchers are currently exploring a first-trimester alternative to CVS
in the form of early amniocentesis.

While there are abundant data relevant to evaluating the short-term
risks associated with prenatal diagnosis, there are, as yet, fewer rigorous
data on whether these tests may have long-term neurological effects on
offspring. Julie Beck examines what is known about longer-term outcomes
in children for the three most prevalent prenatal diagnostic techniques:
amniocentesis, CVS, and diagnostic ultrasound. The most rigorous study
on long-term effects of amniocentesis is still underway and is being carried
out by Canadian researchers. Children exposed to amniocentesis were
examined when they were six months old and again at age four years, and
the researchers report that they have found no evidence of adverse effects
from the procedure on either cognition or behaviour.

Ms. Beck notes that there have been no studies done on the long-term
medical and neurobehavioural status of children exposed to CVS. With
regard to exposure to diagnostic ultrasound, there have been no neurologic
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or cognitive problems found to be associated with it in children up to nine
years old. Her findings regarding amniocentesis and diagnostic ultrasound
are reassuring. She also points to the need both to conduct rigorous, well-
designed, large-scale studies to evaluate any long-term effects of exposure
to current prenatal diagnostic techniques, and to ensure that such studies
are an intrinsic part of the introduction and dissemination of any new
techniques in the future.

The intensive examination of the effectiveness and safety of prenatal
diagnostic services in this country that has gone on prior to their
widespread dissemination is a result of close collaborative work among
those involved in this field in Canada. Another result of this collaboration
has been the development of clear and explicit guidelines regarding
eligibility for prenatal diagnosis. Yet, as Patrick MacLeod and colleagues
demonstrate in their demographic and geographic analysis of prenatal
diagnosis in Canada, women who live in rural and northern communities
receive prenatal diagnostic services at lower rates than expected. This is
because genetics centres tend to be located in larger urban areas, and also
because physicians play a key role in access to prenatal diagnosis.
Physicians in rural and northern locations refer their pregnant patients to
genetics centres less frequently than do their colleagues in more urban
settings. There is also evidence to suggest that utilization of prenatal
diagnostic services increases with women'’s levels of education and income.
Despite the existence of clear guidelines stating that all pregnant women
who meet the specified conditions should be offered referral for prenatal
diagnosis, prenatal diagnosis is much more likely for women in urban
areas. This merits attention in terms of equitable access to services by
women living outside major urban centres.

Karen Grant's analysis of the perceptions and attitudes of 122
Winnipeg women referred for prenatal diagnosis for advanced maternal age,
that is, because they were over 35, confirms Patrick MacLeod’s finding that
education and affluence increase the likelihood that a woman will have
access to prenatal diagnosis. Her study goes beyond the statistics
generated by Dr. MacLeod, exploring the women'’s perceptions, attitudes,
and experiences, primarily of the counselling that precedes the actual
provision of prenatal diagnosis. Dr. Grant's study confirms and illustrates
the difficult dilemmas and choices raised by the nature of prenatal
diagnosis for the women undergoing it. Most patients found the genetic
counselling provided to be useful. Some women would have liked to have
had more than the presentation of medical facts. Many patients felt subtle
pressures to proceed with testing, to do “what any responsible mother
would do,” though none reported overt persuasion or coercion.

Dr. Grant places these findings within the broader context of the
prenatal diagnostic experience and finds a need for clear information and
more sensitivity and support through every stage of the referral,
counselling, and testing processes — this, despite the fact that the majority
of respondents to the survey tended to be educated and affluent, with more
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resources and skills to inform themselves and to be effective consumers
and patients.

This finding is of particular interest in the context of Sari Tudiver's in-
depth qualitative study of the experiences with prenatal diagnosis of 37
women, also from Manitoba. The women she interviewed came from diverse
backgrounds, but, in general, could be said to be unlikely to have the same
skills and resources as the women interviewed by Dr. Grant. They included
poor women, women with lower education levels, immigrant and refugee
women, women with disabilities, deaf women, and teenaged mothers. Their
views and experiences echo many of the themes developed in Dr. Grant’s
study, but with particular emphases stemming from these women'’s specific
cultural and social backgrounds.

The study demonstrates vividly how complex and difficult a task of
interpretation and communication prenatal diagnosis presents, and makes
clear that these women do not want a fragmented health care system with
practices and structures that isolate prenatal care from other aspects of
their lives. For these women, pregnancy is a complex physical, cultural,
social, and psychological life event. They describe how many medical
encounters, including testing, assume a medicalized, disease-oriented view
of pregnancy. They also detail the delicate balance in the physician-patient
relationship and the need for a respectful exchange of information to
facilitate informed choice and informed consent. Practitioners seeking an
understanding of how prenatal care, including prenatal testing, is perceived
by their patients will gain great insight from the stories told by these
women in their own voices.

The experiences and views of the women with disabilities and the deaf
women interviewed by Dr. Tudiver are particularly interesting in light of the
next study in this volume, Joanne Milner's review of views critical of
prenatal diagnosis. One of the concerns raised by some regarding prenatal
diagnosis is that, by its very existence and with its expanding network of
services, it will have increasingly negative implications for the way in which
society views disabilities and will further marginalize persons with
disabilities. This broader social concern regarding prenatal diagnosis must
be addressed and carefully considered. Ms. Milner’s assessment of medical
attitudes and influence, and of counselling and informed choice, raises
questions about whether women considering prenatal diagnosis are offered
a wide range of views on disability. Her findings lend support to the calls
made in the studies of Drs. Grant and Tudiver for sensitive counselling and
support services for women undergoing prenatal diagnosis.

While these three studies focus on the counselling that precedes the
provision of prenatal diagnosis, Louis Dallaire and Gilles Lortie have
focussed on the other end of the process — what happens when prenatal
diagnosis detects a severe genetic disease or congenital anomaly. Their
study of two groups of patients demonstrates that, despite its
shortcomings, the current system of counselling patients is helpful and of
value. The first group, which consisted of patients who had received



Introduction xix

amniocentesis because they were known to be at risk of having a child with
a genetic anomaly or disease, found the counselling that is part of the
process helpful in dealing with the situation. The second group, which
consisted of those who had had a pregnancy termination after a routine
ultrasound detected a major anomaly, had not had counselling. Their
reaction was, overall, one of shock, denial, and guilt. Drs. Dallaire and
Lortie show that patients from both groups required a great deal of support
at all stages of the process, beginning with the decision to continue or to
terminate the pregnancy, through the termination if that was the decision,
and for some time afterward.

Conclusion

The studies in this volume provide useful insights and data regarding
prenatal diagnosis and how it has developed and is practised in this
country. Prenatal diagnostic techniques have been introduced in Canada
with care and with due attention to safety and effectiveness. A low level of
risk is found to be associated with it, in both the short and long term.
Nevertheless, the choices facing women and couples concerning whether to
undergo prenatal diagnosis and what to do if a genetic disease or birth
anomaly is identified are difficult. The recommendations contained in the
studies provide invaluable information about what potential parents expect
from the counselling process. Staff at Canada’s 22 medical genetics centres
would be well advised to give these recommendations a close and careful
reading. It is essential that complete, non-biased information about the
options available be provided, as well as sensitive and caring support that
respects the different choices that individual Canadians will make.



The History and Evolution of
Prenatal Diagnosis

lan Ferguson MacKay and
F. Clarke Fraser

¢

Executive Summary

Like many other areas of diagnostic medicine, prenatal diagnosis
(PND) has seen remarkable growth over a short period of time.
Beginning with the discovery of the sex chromatin during the early
1950s and continuing with recent advances in deoxyribonucleic acid
(DNA) technology, PND has evolved into a sophisticated service within
the practice of medical genetics. While the development of PND
technologies is generally regarded as favourable, the technologies also
present a variety of ethical, moral, social, and legal challenges that are
not easily solved. The purpose of this report is to provide a historical
perspective of PND to assist the Royal Commission on New Reproductive
Technologies to evaluate the role of PND technology in modern medicine
and modern society.

This report documents the history of PND from three perspectives.
First, the development of PND services and guidelines is reviewed from
a Canadian perspective. Attention is given to describing Canadian
research initiatives, and the role of government in the delivery of genetic
services. Second, the history of the reaction to, and debate over,
developments in PND is discussed. Included in this discussion are

This paper was completed for the Royal Commission on New Reproductive Technologies in
September 1991.
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public, professional, governmental, and legal reactions to the evolution
of PND technology. The evolution of the debate over the impact of PND
and genetic screening is also discussed. Third, the evolution and
present status of each of the techniques are described in some detail.
Together, these perspectives give some insight into the events that
underlay the evolution of PND technology.

Introduction

Prenatal Diagnosis

Before the application of modern diagnostic techniques to the field of
obstetrics, the development of the fetus was very much a mystery. It was
generally not until birth that the health or the sex of the child could be
determined. Expectant couples were aware that maternal complications
and the birth of a child with a disability were in the realm of possibility, but
they and their physicians were limited in their ability to detect them. In
contrast, diagnostic techniques now allow physicians to peer into the womb
in order to monitor pregnancy, detect disorder, and predict complications.

The ability to detect fetal disorders is generally regarded as a
significant advance in medicine. Using techniques of amniocentesis,
chorionic villus sampling (CVS), and ultrasound scanning, many aspects
of the genetic and developmental status of the fetus can be evaluated. At
the present time, over 4 000 genetic disorders' and a large number of birth
defects have been identified. Well over 300 such conditions can be
diagnosed prenatally, and the list grows with increasing speed.

Before prenatal diagnosis (PND) was available, parents who were
known to be at risk for having a child with a particular disorder would have
to decide whether to refrain from pregnancy, take a chance, or (if already
pregnant) have an abortion because their baby might have the condition.
PND, for the most part, makes it possible to replace a probability of being
affected with a definitive yes or no.

A stated purpose of PND and the accompanying counselling is to
reduce suffering and anxiety caused by the occurrence of genetic disorders
and other conditions present at birth. In the case of normal findings on
testing, a couple can continue the pregnancy reassured that the fetus does
not have the condition of concern. This encourages many at-risk couples,
who otherwise would not have done so, to have a child.

When the fetus is found to be affected, the mother or couple has three
choices: pregnancy continuation, therapeutic intervention, or pregnancy
termination. There are a number of considerations that will assist the
couple to make a decision that is informed and appropriate. Discussion
and explanation of risks, benefits, and consequences are the main function
of the genetic counselling that is recommended to accompany PND.
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Pregnancy Continuation

Couples may decide to continue the pregnancy and consider the
diagnosis as advance notice of the birth of a child with a disability. PND
in these cases can assist the family to prepare for the birth of a child with
a disability and allow for delivery in a high-risk centre to reduce the risk of
birth injury and institute early supportive management. For example, in
the case of a fetus diagnosed with spina bifida, plans can be made for a
special delivery to reduce the risk of injury to mother and child.

Pregnancy Termination

The decision to terminate can be made for a variety of reasons,
including the severity of the condition, the couple’s attitude toward
abortion, their family situation, and their ability to cope, emotionally and
practically, with a disabled child.

Therapeutic Intervention

In cases where a condition can be corrected or its effects mitigated,
couples may choose therapeutic intervention rather than natural
continuation or termination. Although there is little doubt that the future
for the in utero treatment of genetic conditions holds some promise, very
few disorders are amenable to in utero treatment at present. Many
disorders may never be treatable. For instance, because of the nature of
chromosomal disease, the choices after a diagnosis probably will be limited
to either continuation or termination.

PND has seen remarkable growth over a short period of time.
Although the advances in technology are generally regarded as beneficial,
they present a variety of ethical, moral, social, and legal challenges. As
understanding of genes and disease increases, the potential to use genetic
diagnosis in general and PND in particular will increase. Because this will
be accompanied by a parallel increase in the ethical challenges posed, the
Royal Commission on New Reproductive Technologies, as part of its
mandate, is charged with examining the various implications of PND and
making recommendations concerning the appropriate use of these
technologies. To appreciate what the future may hold for PND, it is
important to understand the history and evolution of the diagnostic
techniques, the professional guidelines adopted in Canada for PND services,
and the public and professional debate that has accompanied their rapid
development. This report, therefore, is to provide an historical perspective
to aid the Commission’s evaluation of the role of PND in modern medicine.
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Historical Milestones

An outline of important events provides a framework for the
description of the technological developments on which the science of PND

rests.
1880s

1930s

1950s

1960s

1970s

Amniocentesis (puncture of the amniotic sac with a needle)
was used to remove excess amniotic fluid during late
pregnancy.

Amniocentesis was used to inject a contrast medium into
the amniotic sac to permit monitoring of the fetus using
X-ray, and to identify the position of the placenta. It was
also used to inject saline when a third-trimester termination
was indicated.

Amniocentesis was used to monitor amniotic fluid for
indication of fetal distress in late pregnancy.

Sex chromatin that enabled identification of sex of the fetus
from microscopic study of stained cells was discovered.

Amniocentesis was used to obtain fluid containing fetal cells
from which fetal sex could be identified in cases in which
the mother was a carrier of an X-linked disease (i.e., when
male offspring were at high risk).

Using cultured fibroblasts, the discovery that patients with
Down syndrome have an extra chromosome was made.

Techniques for culturing fetal cells from the amniotic fluid
were developed, making prenatal diagnosis of chromosomal
disorders possible.

Techniques to detect certain enzyme deficiencies were
developed.

CVS of fetal membranes was attempted, using an endoscope
and biopsy apparatus.

The discovery that amniotic fluid alpha-fetoprotein (AFAFP)
was elevated in cases of neural tube defect and certain other
disorders was made.

The discovery that maternal serum alpha-fetoprotein
(MSAFP) was elevated in association with the presence of
fetal neural tube defect was made. The development of
screening programs to detect neural tube defects followed
this discovery.

Ultrasonography was employed to locate the placenta and
the position of the fetus prior to amniocentesis.
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° Real-time ultrasonography was used to follow the needle as
it was introduced into the uterus and to identify a pocket of
amniotic fluid from which to draw a sample during
amniocentesis.

o Ultrasonography was used to diagnose major fetal
malformations such as anencephaly and spina bifida.

e  Fetoscopy was used to obtain fetal blood for diagnosing
haemoglobinopathies such as sickle cell anaemia (SCA),
thalassemia, and other blood disorders (e.g., haemophilia).

¢  Deoxyribonucleic acid (DNA) technology was used to
demonstrate alteration in gene structure and hence
diagnose certain single-gene disorders from amniotic fluid
cells.

1980s

CVS techniques were used to diagnose most disorders
detectable with amniocentesis, but at an earlier stage of
pregnancy.

o It was discovered that levels of MSAFP are depressed in
trisomic pregnancies.

o Polymerase chain reaction (PCR) was developed, permitting
diagnostic studies from very small amounts of DNA and
greatly increasing the number of disorders eligible for PND
as well as the speed of the test.

1990s

Preimplantation diagnosis (PID) began on a trial basis.

The Evolution of Prenatal Diagnostic Techniques

The prenatal diagnosis of a genetic condition is a two-step procedure.
The first step involves gathering information or material from which a
diagnosis can be made. This may require an invasive procedure, such as
sampling amniotic fluid in the case of amniocentesis, or taking a biopsy of
the chorionic plate in the case of CVS. Ultrasonography is also a first-step
technique that can yield substantial information on the status of the fetus,
and of the pregnancy in general. The second step involves the laboratory
analysis and interpretation of the information to reach a diagnosis. From
an historical perspective it is interesting to note that the two steps have
evolved in different ways, though they are linked procedurally.

Sampling Techniques

The sampling techniques (e.g., amniocentesis, CVS, and fetoscopy)
have evolved gradually. That is, their present status is the result of
stepwise modifications from previous techniques. Many of the techniques
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originated before PND was established as a specialty; they were borrowed
from other disciplines and modified to suit the requirements of PND. Their
gradual evolution improved the efficacy of the techniques and the safety of
the procedures.

Analytical Techniques

In contrast to the gradual evolution of the surgical and imaging
techniques is the punctuated evolution of the analytical techniques. Their
present efficacy and widespread application can be traced to five major
advances, each of which was responsible for dramatic increases in PND
capabilities during the past three decades. These are (1) the ability to
extract and grow cells from amniotic fluid; (2) the ability to make high-
quality chromosome (cytogenetic) preparations from these cells; (3) the
ability to measure relevant enzymes in these cells to identify certain inborn
errors of metabolism; (4) the discovery of the association between
alpha-fetoprotein (AFP) and fetal disorder; and (5) the ability to use DNA
from small numbers of cells to identify single-gene disorders.

The history of PND dates back to the early 1950s and the discovery of
the sex chromatin by a group of Canadian anatomists, headed by Murray
Barr. They were investigating the effects of prolonged fatigue in air crews
by studying the brain cells of tired cats.? The brain cells of some cats had
a relatively large mass of chromatin, not present in the cells of other cats.
The differences did not relate to the degree of fatigue, and it eventually
emerged that this mass was present in the brain cells of the female but not
the male cats. Using cells from skin biopsies and the oral mucosa, it
became possible to analyze the chromatin to establish the chromosomal sex
of individuals who had errors of sex development.® It was further
recognized that if one can distinguish male from female cells, one could
determine the sex of a human fetus by studying fetal cells present in the
amniotic fluid. This would be useful to do when a pregnant woman was
known to carry a deleterious gene on the X-chromosome, which would put
male but not female fetuses at risk for a severe disease such as
Lesch-Nyhan syndrome (severe mental retardation with self-mutilation). By
the mid-1950s, it was reported that the sex of a human fetus could indeed
be determined by examining amniotic fluid cells for the presence or absence
of the sex chromatin; the procedure was used in several European centres
to test for a number of X-linked conditions.*

The next major advance was the development of techniques for
culturing human cells (i.e., fibroblasts) and obtaining preparations that
allowed accurate counts of chromosomes (karyotyping). Much of this work
was done by groups interested in the treatment of radiation sickness
following the first atomic explosions in the 1940s. In 1958 a young French
paediatrician, Jérome Lejeune, found that the cells of children with Down
syndrome had an extra chromosome, revealing a new category of genetic
disease — chromosome disease.® Not long afterward, it was discovered that
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the fetal cells found in amniotic fluid could be cultured and their
chromosomes examined.® This advance opened the way, during the late
1960s, for the prenatal detection of chromosomal abnormalities — Down
syndrome in particular.’

It was then demonstrated that certain enzyme deficiencies and other
metabolic disorders could be detected through biochemical assays of cells
cultured from the amniotic fluid.®* Within a few years, a variety of inborn
errors of metabolism resulting in mental retardation and physical
aberrations were detectable (e.g., galactosemia, and the mucopoly-
saccharidoses — inherited enzyme deficiencies leading to severe mental
retardation).” The early 1970s also brought the discovery of the
relationship between elevated amniotic fluid levels of AFP and the
occurrence of neural tube defects (see section entitled “Alpha-Fetoprotein
Testing and Screening”). Later a similar though less direct relationship was
found between MSAFP and the occurrence of neural tube defects and, more
recently, the occurrence of chromosomal aberrations.

The next important advance was the development of DNA technology,
which began during the mid-1970s. Using DNA technology the sequence
of base pairs that represents a particular gene could be defined; a number
of genetic diseases could be diagnosed by demonstrating a specific
alteration of a base pair or a small deletion in the DNA. Diseases that
could hitherto be diagnosed only by study of fetal blood could now be
diagnosed by analysis of amniocyte DNA (fetal cells extracted from the
amniotic fluid). DNA hybridization was first applied in prenatal diagnosis
of the hereditary anaemia, alpha-thalassemia.'® Diagnosis of sickle cell
disease, beta-thalassemia, and haemophilia was also greatly simplified,'!
and diseases that did not have any biochemical expression in amniocytes
(e.g., Duchenne muscular dystrophy, phenylketonuria (PKU), and cystic
fibrosis) could also be diagnosed. The advent of DNA amplification
techniques (PCR) during the late 1980s allowed diagnosis to be done using
a very small number of cells, thus removing the need for culture of
amniocytes and greatly increasing the speed of the procedure.

Because of the potential of DNA technology, both diagnostically and
therapeutically, it has been the focus of intense study. Many authorities
consider it to be the great hope for the future, although applications are
hotly debated.

Amniocentesis

Amniocentesis is the invasive technique most commonly used for the
prenatal diagnosis of genetic disease and other birth defects. Prior to its
application to PND, it was used for a variety of indications. Among its
earliest uses was the treatment of polyhydramnios over a century ago, by
removal of excess amniotic fluid around the fetus.'? Later, during the
1930s, amniocentesis was used to inject a contrast medium into the
amniotic sac to monitor the developing fetus by X-ray and to identify the
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position of the placenta.'® In the same decade, it was used to inject saline
into the ammniotic sac for pregnancy termination during the third
trimester.'"* It was not until the 1950s that amniocentesis was used to
obtain amniotic fluid for PND. Since that time the use of amniocentesis
has grown remarkably, to a point where it is now the most widely employed
PND technique.

The Technique

The basic procedure of amniocentesis for PND has not changed much
since the 1950s and 1960s; it involves withdrawal of a small amount of
amniotic fluid from the amniotic sac. It is generally done as an outpatient
procedure and, until recently, was almost exclusively performed between
the fourteenth and seventeenth week of pregnancy (i.e., during the second
trimester). During this time there is sufficient amniotic fluid to permit safe
withdrawal of a small sample through a needle inserted through the
abdominal wall, uterus, and amniotic sac.'® This is also the period when
amniotic fluid contains the greatest number of viable fetal cells usable for
subsequent culture.'® Some centres are investigating the possibility of
doing amniocentesis earlier in pregnancy, between 10 and 12 weeks,
although the circumstances under which early amniocentesis might be
appropriate are limited. Reports suggest that it is probably a safe and
reasonable alternative to mid-trimester amniocentesis.!”

The first reports of amniotic fluid being used for PND date back to the
early 1950s, when amniocentesis during the third trimester of pregnancy
was used to obtain amniotic fluid to monitor the level of bilirubin, a
biochemical indicator of Rh disease, which results from Rh incompatibility
between the fetus and mother.'® After the discovery of the sex chromatin,
amniocentesis was used during the second trimester to diagnose the sex of
fetuses in cases where males were at high risk for X-linked genetic
disease.'® Living cells were not required. After the techniques of cell
culture and karyotyping were perfected, amniocentesis was used to obtain
living fetal cells from the amniotic fluid to be used for culture and
chromosome analysis.>® Amniocentesis was rapidly recognized as a
valuable technique for PND, and by the end of the 1960s it was being
performed in many centres throughout the world.

During the early years of development, amniocenteses were performed
blindly. That is, the aspiration needle was inserted by the feel as the
needle went through the various barriers it transversed without
visualization of the needle’s path. The procedures were done on women
who were about to have abortions for social reasons, and who volunteered
to participate in exploratory trials.?! As ultrasonography became available,
scans were used to locate the placenta and the position of the fetus. The
ultrasound was usually done days or hours before the amniocentesis,
which was performed blindly.>* With the development of real-time imaging
(which allowed movement to be observed) and increased resolution,
ultrasound scanning was used to follow the needle as it was introduced
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into the uterus. High-resolution imaging allowed the operator to select an
optimal pocket of amniotic fluid from which to draw a sample.”® It is
generally agreed that real-time ultrasonography increases the efficiency and
enhances the safety of amniocentesis by decreasing the risks and
complications associated with the invasive procedure.

In addition to using ultrasound scanning to follow the needle during
amniocentesis, the obstetrician often takes the opportunity to carry out a
detailed ultrasonographic examination of the fetus. Gestational age is
confirmed, the position of the developing fetus and placenta are noted, and
major malformations may be detected. Ultrasound technology has
consequently become an integral part of the amniocentesis procedure.

Indications

The indications for ammniocentesis have evolved during the past
25 years, adapted to the increase in the kinds and numbers of diseases and
conditions that can be detected by amniocentesis and cytogenetic,
biochemical, or DNA analysis. The fact that the number of detectable
diseases has increased markedly over the past 20 years has increased the
overall diagnostic value of the technique.

As noted previously, amniocentesis was first employed to monitor the
fetus for Rh incompatibility and later to determine, by study of the sex
chromatin, the sex of the fetus when male fetuses were at risk for X-linked
disorders. After karyotyping techniques were developed, it became possible
to diagnose Down syndrome and other chromosomal aberrations. The
increase in frequency of Down syndrome with advancing maternal age had
been recognized for many years, and it was also known that following the
birth of a child with Down syndrome there was a significant, though small
(around 1 percent), risk of recurrence (at any maternal age); thus both of
these conditions became indications for amniocentesis. By the late 1960s
indications included being at risk for a number of biochemical diseases and
metabolic disorders that could be detected by enzyme measurement in the
amniocytes. More recently the ability to diagnose genetic conditions by
analysis of amniocyte DNA has greatly extended the list of detectable
disorders.

The discovery that amniotic fluid AFP was associated with the
occurrence of neural tube defects made presence of a neural tube defect in
a close relative an indication for PND. When it was shown that the AFP
was also elevated in the mother’s serum when the fetus has a neural tube
defect, elevated MSAFP was added to the list of indications. Very recently
it has been shown that a decrease in MSAFP levels coupled with an
increase in certain hormone levels are an indication that the fetus carries
a chromosome disorder; it is likely that this indication will soon be added
to the list.

Following the appearance of coordinated genetic services, centres
began to develop standards for the appropriate use of PND. Because
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amniocentesis carried some procedural risk and was expensive, it was
recognized that it should be offered only to women at increased risk of
carrying a fetus with a diagnosable disorder.

At present the following criteria are recognized indications for the use
of amniocentesis:

J advanced maternal age (i.e., 35 years of age or over);
J previous child or abortus with a chromosome abnormality;
e  either parent a carrier of a chromosomal anomaly;

e  previous child or other first-degree relative with a neural tube
defect;

e  maternal or paternal exposure to irradiation (referral for genetic
evaluation recommended);

° abnormal ultrasound results;
° abnormal MSAFP levels;

o mother a known or presumed carrier of an X-linked recessive
disorder; and

e  both parents carriers of the gene for diagnosable inborn error of
metabolism, or other serious disorders detectable using DNA
analysis.**

By far the most common reason for doing amniocentesis is advanced
maternal age; the second most common is the risk of having a child with
aneural tube defect. Single-gene disorders are a small proportion. In most
centres, a disorder of some kind is found in about 2 percent of fetuses
tested.

The criteria listed above are considered unequivocal indications for
amniocentesis; other indicators that have been implicated as risk factors
for chromosomal aberrations are without general agreement,® either
because the observed risk is not considered by some to be high enough to
justify amniocentesis, or because the data are equivocal. Equivocal
indications include maternal age approaching 35 years of age (where the
risk may be somewhat above that for the general population), advanced
paternal age, delayed fertilization, induced ovulation, donor insemination,
or intrauterine growth retardation. Other factors identify risks of direct
developmental damage to the embryo. Examples include maternal
metabolic derangements (diabetes, PKU) and exposure to potentially
teratogenic drugs or chemicals. These are indications for high-level
ultrasound screening, rather than amniocentesis. Maternal anxiety is
generally considered not to be an indication for amniocentesis, though it is
occasionally done. Prenatal diagnosis of sex for non-medical reasons is
explicitly stated not to be an indication.



The History and Evolution of Prenatal Diagnosis 11

Safety

The justification for the use of genetic amniocentesis is always weighed
against the risks of the procedure to the mother and fetus.?® Maternal risks
are now very low and, at most, can be considered minor complications.

Transient vaginal bleeding and amniotic fluid leakage are among the most
common complaints. Abdominal cramping and nausea have also been
reported, although these are seldom severe.

Risks to the fetus include needle puncture, damage to the umbilical
cord, placental separation, infection of the amnion and placenta, premature
labour, and, the most serious, spontaneous abortion. Although the
technique is considered relatively safe, the risk of spontaneous abortion as
a result of the procedure is real and is among the most important
information that counsellors impart to couples who are considering
amniocentesis.

Many studies have been carried out on the safety of amniocentesis
and, in particular, have addressed the rates of spontaneous abortions.
Among the most widely cited are the Medical Research Council of Canada
(MRC) study, the British collaborative study, and an American National
Institutes of Health collaborative study.?” Various studies have reported
rates of spontaneous abortion ranging from 0.25 percent to 5 percent.
Several reported a learning curve with better results as experience was
gained. At present, professional opinion recognizes that, in experienced
hands, the average added risk of spontaneous abortion as a result of the
procedure is about 0.5 percent and that risks to the mother are minimal.
This is part of the information that couples considering amniocentesis must
weigh against the desire to know the genetic status of their fetus. The birth
of a child with a disability may be regarded by the parents and others as
a far more formidable outcome than a miscarriage.

Chorionic Villus Sampling

CVS is the sampling of tissue from the membranes that surround the
fetus. This tissue, which is fetal in origin, can be biopsied between the
eighth and twelfth weeks of gestation. CVS detects the same disorders as
amniocentesis, except for neural tube defects, but it can be done at an
earlier stage than amniocentesis. It is considered an attractive alternative
to amniocentesis and has been adopted worldwide.

Although amniocentesis during the second trimester of pregnancy was
a successful method, it was not considered optimal. CVS, by comparison,
had a number of advantages.”® Chorionic villi contain cells that are actively
dividing, and, therefore, they can be used immediately for cytogenetic
analysis without the need for culture. This permits much earlier diagnosis,
saving weeks of anxious waiting for results. Earlier diagnosis means the
couple may not have to reveal the pregnancy to anyone but their doctor.
If the fetus is affected and abortion is chosen, it is generally a much safer
and less stressful procedure when done in the first rather than the second
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trimester. However, mosaicism (the presence of two cell lines in the
culture) is more frequent, leading to difficulties of interpretation and the
need for clarification by amniocentesis.

The Technique

CVS is usually performed between the eighth and twelfth weeks of
pregnancy. During this time the chorionic villi that project from the fetal
sac begin to invade the uterine wall. This area of proliferation is destined
to become the placenta later in gestation. Sampling involves a biopsy, by
forceps or aspiration, of bits of this tissue to obtain viable cells for
cytogenetic or DNA analysis.

Although there is the belief that CVS is a new, recently accepted
procedure, it was first developed for PND purposes at about the same time
as amniocentesis (during the late 1960s). CVS was first carried out in
Scandinavia, by using an endoscope that was passed through the cervix,
to provide direct visualization of the biopsy procedure.”® Early attempts
were not entirely successful, and there were technical problems resulting
from the use of relatively large instruments.”® Various modifications of
instruments and procedures were tried without much success,’’ then
interest in CVS began to wane while ammocentesis gained worldwide usage
and was seen to be very safe and reliable.*

There was a resurgence of interest when a group of 1nvest1gators from
China, whose aim was to use PND to identify fetal sex for social reasons,
reported success with a blind sampling technique (i.e., without optical
guidance).*® Using a cannula and syringe, they were able to aspirate
placental tissues and then perform cytogenetic analysis on non-cultured
cells. They reported minimal complications and were able to identify the
sex of the fetus accurately for 94 of the first 100 patients who underwent
the procedure.

With the advent of high-resolution and real-time ultrasonography,
ultrasound technology could be used to monitor and guide the introduction
of biopsy forceps or a suction catheter through the cervix and into the
uterus. The use of ultrasound scanning to locate and sample chorionic villi
was first reported in 1980.>* Later, the same group reported 100 percent
success in obtaining chorionic villi between the sixth and twelfth weeks of
gestation.*

Researchers at the University of Milan reported similar results when
four sampling techniques were compared. Ultrasound guidance improved
the retrieval rate to 96 percent (from the 65 percent obtained with
endoscopic guidance and blind aspiration).>® Development of a process for
direct and rapid karyotyping was another advance; in the same year,
Tay-Sachs disease was diagnosed from uncultured villi using a biochemical
assay.®’

Concerns over potential bacterial and viral contamination with the
transcervical method prompted development of a technique for sampling
chorionic villi that involved passing the needle through the abdominal
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wall.®® Although the advantages have yet to be fully explored, the latter
may become the method of choice, and eventually supplant the
transcervical approach.*® The abdominal approach is less time consuming,
can be employed later than the twelfth week of gestation, and is said to be
easier to learn.

In an effort to provide diagnosis even earlier than the tenth to twelfth
weeks, some centres perform CVS as early as 56 to 66 days; however,
recent complications (i.e., a possible increase in craniofacial and limb
anomalies) have caused investigators to reassess the safety of diagnosis at
this earlier stage.*

Indications

The first use of CVS centred around the desire to diagnose the sex of
the fetus, as the technique was evaluated as a family planning tool in
China, and many pregnancies were electively terminated because the fetus
was of the unwanted sex (i.e., female). However, CVS can be used to
diagnose any conditions detectable by examination of fetal cells, as is the
case for amniocentesis; it is used in Canada for these indications. It
cannot be used for conditions (e.g., neural tube defects) detected by study
of the amniotic fluid or ultrasound.

CVS is contraindicated when there is an abnormal ultrasound
appearance of the gestational sac, presence of an intrauterine device,
pathological narrowing of the cervical canal, infection, or uterine .
contractions. There are also a number of factors that may be associated
with adverse consequences such as miscarriage, maternal bleeding, or
infection. Some of these include: first-trimester bleeding, Rh sensitization,
and uterine fibroids (depending upon their position). Any of these
situations may lead a physician to postpone or cancel the procedure.*!

Safety

As with amniocentesis, the risks and complications associated with
CVS were not well documented during its early development, because early
attempts at CVS were performed on volunteers who were planning to have
abortions for non-medical reasons. In fact this was the case in some
studies even as late as 1983.*> As confidence with the procedure grew,
investigators were able to delay termination in volunteer mothers for up to
six weeks after the procedure to monitor both mother and fetus and assess
the safety and complications of the procedure.

In the early days, procedural complications were a problem. For
example, in one series during the early 1970s, CVS led to intrauterine
infection and abortion in 2 of 26 patients.** In another 28 patients, almost
half experienced complications including bleeding and leaking fluid that
would probably have led to miscarriage if the pregnancy had been allowed
to continue.** On the other hand, in 1975 the Chinese group reported no
maternal morbidity and stated that only 4 percent of the pregnancies were
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lost to miscarriage. Others have also reported no major complications in
relatively small series.*

In the early years, procedural discomfort was notable, especially when
dilation of the cervix was necessary to permit the introduction of relatively
large instruments.*® More recently, the degree of discomfort is thought to
be no greater than that of patients undergoing amniocentesis or a routine
gynaecologic examination.

The advent of ultrasound guidance dramatically lessened the chance
of unsuccessful sampling, and ultrasonography is considered to be an
integral part of CVS. It is universally employed in centres around the
world.*’

As with amniocentesis, the early investigators/practitioners were
exploring largely uncharted territory. If a technique seemed to work, it
would be used until someone claimed to have a better one. Large
comparative studies were not set up because it was not clear which
procedures should be compared. By the mid-1980s, however, consensus
was developing, and efforts to establish CVS as an alternative to
amniocentesis were well under way. Calls for comparative studies were
made, which prompted a flurry of reports comparing the rates of fetal loss
and other complications in the two procedures. Some reports were
individual small studies and assessments;*® others were large-scale,
expensive, prospective collaborative studies (e.g., the Canadian
Collaborative CVS-Amniocentesis Clinical Trial Group and an American
collaborative study).*® The Canadian trial was one of the first in which the
safety of the two techniques was compared, and it was the only one in
which patients were assigned at random to one procedure or the other.

Current research suggests that fetal loss following CVS is slightly
higher than that for amniocentesis. Patients considering PND are
counselled that CVS entails a slightly higher risk of procedural failure and
spontaneous abortion (i.e., there is a 0.6 percent higher loss rate that is
considered to be procedure related), and this has to be weighed against the
advantages of earlier diagnosis.

Ultrasonography

The origins of ultrasound (unlike those of other techniques used in
PND) lie far from the field of medicine. Ultrasound scanning was developed
for use in anti-submarine warfare during the First World War. By sending
ultrasonic waves into the water and recording their reflection off the hulls
of submarines, surface ships were able to detect the underwater position
of enemy vessels and act appropriately. The same principle was later
employed in medicine during the 1950s, using the reflections of pulsed
waves of sound directed at the body to elucidate internal structure and
function.®*®* Computer technology later made it possible to convert the
patterns of the reflected waves to visual images. This application to
diagnostic medicine, particularly to obstetrics, is regarded as a major
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medical milestone.®® There has been such an exponential increase in its
use that ultrasonography is now a routine part of obstetric care. It is
widely used for diagnostic purposes by many medical specialists; it is not
unique to obstetrics.

The Technique

Ultrasonography involves passing high-frequency, low-intensity sound
waves through the body and recording the differential reflection from
tissues of varying density. Reflected waves are converted into electronic
signals that are displayed on a video screen. The resulting image
represents a section through the anatomical structures under examination.

Early models of ultrasonographic equipment were capable of providing
only “still” or static images for diagnostic interpretation. The resolution of
these early models was poor. But resolution improved to permit detection
of surprisingly subtle structural details. Computer technology made
real-time scanning possible, allowing the operator and the patient to see
moving images during the scanning procedure. Real-time scanning and
higher resolution made it possible to show images of various physiological
events such as heart and renal activity.

The use of ultrasonography for PND has three main purposes: (1)
direct examination of the external and internal anatomy of the fetus, to
estimate its size and look for malformations of skeletal and other major
organ systems; (2) as an adjunct to other PND techniques to enhance their
safety and accuracy — for example, to guide the needle during
amniocentesis; and (3) to yield general information about the course of
pregnancy, such as gestational age, location of the placenta, and presence
of multiple fetuses. As a corollary, ultrasonography usually provides
reassurance and relief to an expecting couple that the pregnancy is
advancing normally. Visualization of the fetus can improve bonding of the
mother to the fetus, which is considered important psychologically.

Ultrasonography was first used in PND to detect anencephaly (absence
of skull and upper brain).”*> This was followed by the diagnosis of other
neural tube defects, including spina bifida and hydrocephalus (water on the
brain). Ultrasonographic examinations of the fetus were soon widely
employed and used to detect increasingly subtle structural and functional
abnormalities such as gastrointestinal tract anomalies,*® urinary tract
anomalies,® congenital heart defects,* and skeletal dysplasia.®® By 1988,
diagnostic ultrasonography had been used to detect over 200 specific
disorders.®” The number of detected disorders continues to grow each year
as experience with the technique increases and the equipment improves.

The clinical value of ultrasonography prior to or accompanying
amniocentesis, CVS, or fetal blood sampling is widely accepted.®® Its value
in enhancing safety and accuracy of these procedures has been well
documented. Although there was some early controversy about whether
ultrasonography improves the safety of sampling procedures,*® all centres
now employ it as an integral part of PND procedures.®
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The use of ultrasonography with amniocentesis led to dramatic
reductions in the frequency of bloody taps (blood in the amniotic fluid) and
dry taps (failure to obtain fluid),’ feto-maternal haemorrhage,®® and
multiple needle insertions.®® At first, the ultrasound examination was done
hours or days before the procedure. Because the position of the fetus can
change, even in a short period of time, the pre-amniocentesis scanning was
not entirely reliable. Using real-time imaging, ultrasound could be used
during amniocentesis to locate a suitable pocket of amniotic fluid and guide
the needle to that pocket.

Ultrasonography has also been important in the safe development of
CVS, which requires accurate sampling of specific tissue from a specific
site. Earlier attempts at CVS involved sampling through an endoscope, a
flexible tube with a light source on the end, but these efforts were not
particularly successful.®* The use of ultrasound guidance greatly improved
the accuracy and safety of the CVS technique. Moreover, ultrasonic
guidance allows a single operator to perform the procedure; the operator
can hold the ultrasound transducer in one hand and guide the cannula or
forceps to the point of biopsy with the other.

Fetal blood sampling involves obtaining blood at a specific site, usually
the umbilical cord (cordocentesis). The use of fetal blood sampling was
more common before it was possible to analyze the DNA from amniocytes
for diagnostic purposes, when pure blood sampling was the only way to
obtain cells for the diagnosis of certain blood disorders. Today it is
indicated only in certain rare circumstances, and these are diminishing as
other techniques improve. During the early attempts when an endoscope
was used to guide the needle to the cord, success was limited.®® Real-time
ultrasonographic imaging enhanced the safety and accuracy of the
procedure, and it is now a necessary adjunct to fetal blood sampling.

Ultrasound has been employed to guide needles to the fetal heart®® and
placenta®” to obtain blood samples for PND and for selective abortion.
However, these methods of fetal blood sampling have not received much
attention and are not considered standard techniques. In the rare event
that skin or liver biopsies are required to diagnose specific congenital skin
conditions® or liver-specific enzyme deficiencies, ultrasonography is used
to guide biopsy forceps.®

In response to developments in the field of in vitro fertilization (IVF)
and the recognition that rates of ectopic pregnancies are increasing,
obstetricians have begun to evaluate early pregnancy more frequently and
critically.” Ultrasonographic examinations for congenital anomalies have
been largely confined to the second and third trimesters, but the use of
transvaginal sonography (TVS) has significantly increased the ability to
evaluate fetuses, and even embryos, in the first trimester of gestation. TVS
is said to have specific advantages over traditional transabdominal
sonography (TAS), including higher-resolution imaging of the fetus; it may
be used a full week earlier in the pregnancy than TAS. This permits earlier
confirmation of intrauterine pregnancy and exclusion of ectopic pregnancy.
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TAS examinations are often technically limited, for example in cases of
obesity, uterine retroversion, gas-filled bowel, or inability to achieve full
bladder distension. TVS can be employed in these circumstances with
relative success.”

Indications

Ultrasonic screening is used routinely during pregnancy (Level I), to
estimate fetal age by measuring body and femur length and head size, to
look for placental abnormalities, to confirm the presence of multiple
fetuses, and as an adjunct to PND sampling techniques. Level II
ultrasonography is used to examine fetuses at risk for anatomical defects,
involves a detailed examination of the fetus, section by section, and may
last an hour or more.

The indications for the use of ultrasonography for PND include the
following:

e a family history suggesting the fetus is at risk for neural tube
defect or other demonstrable malformation;

o elevated MSAFP levels (ultrasonography may be as an alternate
to or precede amniocentesis);

o suspicious findings from a routine ultrasound screening;

o exposure to potential teratogens in early pregnancy (e.g.,
maternal alcoholism or diabetes); and

e  to guide instruments during amniocentesis, CVS, or fetal blood
sampling.

Ultrasound scanning can detect both open and closed neural tube
defects with remarkable accuracy. This has led to the recommendation
that patients at risk for having a child with a neural tube or other
craniospinal defect, and patients who have an elevated serum AFP during
routine screening, should be referred for a complete ultrasonographic
examination prior to, or perhaps instead of, amniocentesis.”” This is
currently an issue of debate.

Safety

The safety of ultrasonography has been the subject of debate and
worry. Some authors contend that the widespread, virtually indiscriminate
use of routine ultrasound scanning has proliferated without extensive
critical assessment. However, the literature suggests otherwise.”” Reports
of the safety of ultrasound are legion, including large collaborative
studies.”* These studies show no confirmed deleterious effects on
mammalian tissue from low-intensity diagnostic ultrasound. Over
50 million women have been subjected to diagnostic ultrasound, but there
is no epidemiological evidence of increased fetal death, abnormality, or
intrauterine growth retardation. No adverse behavioural or neurological
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consequences have been demonstrated in the millions of children born after
in utero exposure to ultrasound.

Although there is little to no evidence of adverse effects of
ultrasonography to patients, their offspring, or equipment operators, many
statements and commentaries emphasize the concerns people have.” One
review concludes that the current scientific evidence is confusing in terms
of both the goals of studies and their experimental design.”® The lack of
long-term follow-up and coordinated research led some investigators to
conclude that ultrasonography has not been proven to be totally innocuous,
since its effects, if they occur, may be subtle and delayed in expression.
Others see the lack of evidence as reassuring.””

A recent exhaustive review concludes from human epidemiology,
secular trends, and animal studies that ultrasonography as used in PND
presents no measurable risk. Nevertheless, because exposure to
ultrasound at higher levels can raise body temperatures to potentially
hazardous levels, there should be guidelines relating to the number of
sonograms per patient, and to the design of equipment to ensure dangerous
levels are never reached.”

In summary, the advantages of ultrasound over other imaging
techniques such as X-ray and magnetic resonance imaging are numerous.
Ultrasonography is relatively cheap, is easily operated, and, unlike X-ray
imaging, does not involve ionizing radiation. Real-time imaging has uses
beyond diagnosis and is seen to promote bonding of mother to fetus.
Furthermore, it can yield a wealth of information regarding the health of the
fetus and the course of pregnancy.

Fetoscopy

Fetoscopy is an invasive technique that uses a specialized endoscope
to visualize the fetus in utero. The fetoscope can be used either to visualize
the fetus for direct observation of malformations or to locate suitable biopsy
sites for other PND techniques such as fetal blood sampling and, more
rarely, skin and liver tissue sampling. Before real-time ultrasonography
became available, fetoscopy was used for CVS. Because of the
comparatively high rate of adverse reactions (bleeding and abortion)
fetoscopy was never much used, and as ultrasound became progressively
more effective, fetoscopy was used only under special circumstances and
for certain rare indications.

The Technique

The first reported use of an endoscope for the visualization of the fetus
was a 10-mm endoscope, introduced into the uterus through the cervix.”
The patients were women at mid-trimester, who were about to have a
termination of pregnancy, and who volunteered for this experimental
procedure. Later, in 1967, an amnioscope was used to look inside the
amniotic sac, but the equipment was bulky, requiring separate introduction
of a light source and the endoscope.*® A Scottish obstetrician, Scrimgeour,
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coined the term fetoscopy in 1973. He used a fibre-optic endoscope with
a smaller diameter than that previously used, and he was the first person
to use the technique to diagnose neural tube defects.®'

Scopes for peering into various body cavities had been available for
some time. But scopes, needles, forceps, and optical systems better suited
to PND were developed through the initiative of a few researchers who had
to lobby equipment manufacturers to produce appropriately modified
equipment according to their specifications. For example, the scope had to
be so close to the fetus that a very wide angle lens was required, and even
then the field visualized would encompass no more than a few fingers of
one hand. Because usage was not expected to be high, companies did not
have much incentive to advance technical development.

The next major development in fetoscopy was its use for aspiration of
fetal blood to diagnose biochemical and metabolic genetic disorders that
were not expressed in amniocytes — in particular hereditary anaemias in
which the haemoglobin is abnormal.

Blood was first sampled from the umbilical cord in the early 1970s.
It was done while the patient was under anaesthesia, introducing the
fetoscope through an abdominal incision.*” Fetoscopy was also used to
take fetal skin biopsies and to photograph the fetus in utero. Further
refinements were introduced in Canada, and in the United States, using a
needlescope (smaller diameter) introduced through the abdominal wall to
sample fetal blood.** Vessels were punctured and allowed to bleed into the
amniotic fluid, then the blood-stained fluid was aspirated, or blood was
drawn from the umbilical cord at its insertion into the placenta
(cordocentesis). Cordocentesis was more successful than previous methods
because it yielded pure fetal blood, uncontaminated with maternal blood or
amniotic fluid.®* Cordocentesis carried out under ultrasound guidance
remains in use today. With increasing experience and improved
equipment, fetoscopy success rates improved and adverse effects
diminished, but the results were never as accurate as those of
amniocentesis or CVS.

A variety of syndromes associated with fetal deformities have been
diagnosed by fetoscopy, including cleft lip and palate, lobster claw hands
and feet, and other deformities.®® Prenatal diagnoses were done at 13 to
17 weeks of gestation and then confirmed at abortion immediately following
the procedures. Fetoscopy has also been used to diagnose congenital skin
disorders through direct observation and by skin biopsy.*® Scalp biopsies
also provide hair for biochemical analysis,®” and fetoscopy has been used
to biopsy fetal liver for diagnosis of metabolic disorders that are not
diagnosable with other techniques.®

The fetoscope figured prominently in the development of first-trimester
CVS, which has become an important PND technique. The original work
on CVS was carried out in the late 1960s using an endoscope to visualize
the transcervical biopsy of chorionic villi with little success.* Fetoscopes
with smaller diameters had greater success, but after the widespread use
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of ultrasonography to guide the biopsy instruments, CVS became a major
approach to PND, removing the need for fetoscopy.

Indications

The main indications for fetoscopy are for fetal blood sampling, tissue
biopsy, and direct fetal visualization.”® The indications for the use of
fetoscopy to examine the fetus are a risk of anatomical deformities of joints,
limbs, head, face, back, or trunk. With the development of real-time
ultrasonography, increased resolution, and a wider field of view, the need
for fetoscopy for such examinations has decreased greatly. At present fetal
blood sampling is indicated for the diagnosis of haemoglobinopathies that
are not amenable to diagnosis by DNA analysis, diagnosis of blood type,
fetal infection, and a few other conditions.

The need to sample blood at all has steadily decreased in recent years
owing to the broad capabilities of DNA analysis and increased use of CVS.
CVS allows earlier diagnosis than does fetal blood sampling, which is
limited to the second trimester. Although ultrasound guidance is the
method of choice, fetoscopy is still employed in CVS in a few centres.

The use of fetoscopy is contraindicated in a variety of circumstances,
including operator inexperience, low genetic risk, gestational age less than
16 weeks, insufficient or discoloured amniotic fluid, and anterior placenta.

Safety

The risks of fetoscopic methods are greater than those of
amniocentesis and other PND techniques. As with the early development
of the other techniques, the first attempts at fetoscopy were made on
patients immediately prior to termination of pregnancy. Consequently,
information on the associated risks was limited. As data accumulated, fetal
loss was reported to be as high as 10 percent to 15 percent. This caused
concern and prompted further efforts to improve instrumentation and
technique.®!

Fetal deaths subsequent to fetoscopy are generally the result of
infection of the amnion, excessive fetal blood loss, or spontaneous abortion.
In early years, individual centres reported loss rates as high as 16 percent,
but in centres with experience of greater than 100 cases, loss rates were
less than 5 percent. More recently this has improved to 3 percent or less.
A Greek study demonstrated similar decreases in fetal loss rates as
experience with the technique increased.®® There is a significant risk of
pre-term labour and delivery; some reported rates are as high as
10 percent.**

The most important maternal complication following fetoscopy is
infection of the placental membranes. Other complications include
bleeding, (rarely) bowel or bladder injury, and recurrent leakage of amniotic
fluid as the result of the amnion being punctured.
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Alpha-Fetoprotein Testing and Screening

Abnormal levels of AFP in the amniotic fluid (AFAFP) are associated
with a variety of congenital disabilities and malformations. Most notable
is the association between high levels of AFAFP and neural tube defects.
These are among the most common and most serious congenital
malformations with bleak clinical outlooks, and AFAFP testing has become
an important aid toward their prenatal identification. Only those mothers
known to be at increased risk by having a previous child with a neural tube
defect can be tested; therefore, a minority, perhaps 10 percent, of all
fetuses who are affected can be detected by this method.

The discovery that AFP may also be elevated in the maternal serum
when the fetus has a neural tube defect has led to the measurement of
MSAFP as a safe, relatively cheap, and easily performed method of
screening pregnancies for neural tube defects. Although there are
appreciable numbers of false positives and false negatives requiring further
investigation, MSAFP screening can identify about 70 percent of fetuses
with neural tube defects — a much higher proportion than that detected by
AFAFP testing since, as noted above, most women at risk will not be
identified for AFAFP testing.

AFAFP Screening

AFP is a fetal-specific protein that is synthesized primarily by the fetal
liver, but also produced by the yolk sac, gastrointestinal tract, kidney, and
placenta. It is detectable in fetal plasma within the first month of gestation,
and peak concentrations are found between the tenth and thirteenth weeks
of pregnancy. Beyond this time, levels decline until term. From the fetal
plasma, AFP is passed along to the kidneys and is excreted in small
quantities with the urine into the amniotic fluid. The low concentration of
AFAFP peaks between the twelfth and fourteenth weeks of pregnancy and,
like that of the fetal plasma, declines until term. When there is an
abnormal opening, such as an open neural tube defect, amniotic fluid AFP
levels are greatly increased.

The association between increased AFAFP and neural tube defects was
discovered by looking retrospectively at frozen amniotic fluid samples that
had been stored and later found to have come from offspring with neural
tube defects.®® AFP was the only fetal-specific protein in the amniotic fluid,
and it was postulated that in cases of open neural tube defects such as
anencephaly, open spina bifida, and other defects involving an abnormal
opening to the exterior, the opening allows cerebral spinal fluid to leak into
the amniotic fluid. Following the development of appropriately sensitive
assays, the test was used for PND in pregnancies known, by virtue of the
family history, to be at increased risk for a neural tube defect.

The accuracy of AFAFP testing for neural tube defects was further
enhanced by the discovery and subsequent development of acetylcho-
linesterase (AChE) assay. Like AFP, AChE is a protein constituent of
amniotic fluid, levels of which are associated with open neural tube defects.
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AChE assays are sometimes used to corroborate AFP measurements when
results are ambiguous.®®

The Technique

After obtaining a sample of amniotic fluid with amniocentesis, the
concentration of AFAFP is measured and compared with normal values
based on levels in large samples of unaffected pregnancies. The confidence
of the result is based on how much the concentration exceeds a specified
upper limit. Because means and standard deviations vary somewhat from
centre to centre, this limit is usually expressed as a number of multiples
of the median (MoM) above the average level, which shows less variation
between labs. For instance, in many centres the odds are extremely high
that a fetus has a neural tube defect or other abnormality if concentrations
of AFAFP exceed 2.5 MoMs. With values that fall below this cutoff point,
the odds are correspondingly diminished. The sensitivity of AFAFP permits
the detection of about 98 percent of open neural tube defects.®’

Indications

AFAFP testing is used primarily for the detection of neural tube
defects, although conditions other than neural tube defects have elevated
levels of AFAFP, including a variety of gastrointestinal and urinary tract
malformations, and multiple pregnancies. The major indications for AFAFP
testing are a previous child or other near relative with a neural tube defect,
or an elevated MSAFP concentration. However, the AFAFP is also assayed
in samples of amniotic fluid obtained for other reasons since it is a simple,
cheap test and the amniotic fluid is already at hand.

Safety

Because AFAFP testing uses amniocentesis to obtain a sample of
amniotic fluid, the risks are those associated with amniocentesis. The risk
of spontaneous abortion as a result of an amniocentesis procedure is
currently in the order of 0.5 percent.

Early AFAFP testing was associated with a number of technical
problems. For example, amniocentesis without ultrasound guidance often
led to bloody taps. Because both fetal and maternal blood contain AFP,
contamination of the amniotic fluid with blood would elevate the
concentration of AFAFP, leading to false-positive diagnoses and in some
cases the abortion of unaffected fetuses. This problem has been all but
eliminated with the widespread and effective use of ultrasound to guide
needles during amniocentesis. Abnormally high levels of AFAFP also occur
in multiple pregnancies, which would lead to a false-positive diagnosis of
a defect, if not further investigated by ultrasound.

Similarly, normal AFAFP levels may not always mean that the
pregnancy is unaffected, particularly in cases of closed neural tube defects.
However, closed lesions constitute less than 10 percent of neural tube
defects, and today the complementary use of AFAFP, AChE assay, and
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ultrasound yields a very high degree of accuracy, in the order of
98 percent,”® in diagnosing all types of neural tube defects.

AFAFP testing has been offered as part of genetic services since the
early 1970s, and it has become routine in virtually all countries that offer
PND services. The laboratory and diagnostic experience with AFAFP testing
involving many thousands of cases has been extensively reviewed and
evaluated. These reviews (some based on individual experiences and others
on the collective experience in a number of centres) are comprehensive and
involve many thousands of cases. Retrospective studies have also provided
valuable epidemiological information on the incidence of neural tube defects
in various countries — information that is necessary in planning for
diagnostic services and programs.

MSAFP Screening

Soon after AFP was first observed in maternal serum, it was shown to
be elevated during normal pregnancy,*® beginning at the tenth to twelfth
weeks, due, in part, to the ability of AFP to cross the placenta into the
maternal circulation. Levels of MSAFP peak between 28 and 32 weeks of
gestation. Abnormally elevated concentrations were found in cases of fetal
death or spontaneous abortion, anencephaly, and other neural tube
defects.!® With the advent of more sensitive assays, it was felt that MSAFP
could be a basis for non-invasive screening for neural tube defects and
other malformations, and there were calls for its wide employment.
Screening maternal blood for AFP could, even with less than perfect
sensitivity, detect many more cases of neural tube defects than
amniocentesis done for a positive family history. This is because between
85 percent and 90 percent of all infants who have neural tube defects are
delivered by women who have not had a previous affected child, and who
are not known to be at risk so they do not have the test.'” Within a very
few years screening programs were developed and implemented in a
number of countries.

The Technique

MSAFP screening is a relatively simple technique that involves drawing
maternal blood at about 16 weeks of pregnancy. Because the concentration
of MSAFP is much less than that of AFAFP, more sensitive radioimmuno-
assay techniques are required to measure concentrations accurately.

The accuracy of MSAFP screening is less than that of AFAFP testing
because of the overlap in the distributions of normal values and those
where there is a neural tube defect or other relevant condition.
Furthermore, the data must be adjusted for maternal age, weight, race,
gestational age, and other variables, so each laboratory must establish
normative values based on extensive testing. The upper cutoff value
reflects an arbitrary compromise between missing open neural tube defects
and performing unnecessary amniocentesis on pregnancies with normal
fetuses. Calculating the odds that a woman is carrying a fetus with a
neural tube defect from her MSAFP value is a complex process.
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Probabilities are calculated as a function of the ratio of MSAFP in the
normal and neural tube defect distributions for the measured value,
adjusted for the patient’'s age, weight, race, and a priori risk based on
family history and population frequency. This is the reason that MSAFP
screening is undertaken in centres rather than in doctors’ offices. The
results have to be presented as probabilities, rather than positive or
negative. For this reason, programs aim only to identify a subgroup of
pregnant women who are at increased risk for carrying a fetus with a
neural tube defect who can then be tested by the more definitive procedures
of ultrasonography and AFAFP evaluation.

Safety

There are no reports of complications arising from sampling blood for
the purposes of screening for MSAFP. Most of the concerns expressed over
the technique have focussed on the validity of the test results (i.e., that it
does not completely discriminate between pregnancies carrying normal and
abnormal fetuses).

Early reports about the value of MSAFP screening were quickly
followed by many studies of the effectiveness and accuracy of the
technique. Some studies reported occasional abortions of normal fetuses,
but more recent reviews report that with complementary AFAFP testing and
ultrasound, the chances of aborting a normal fetus or missing an abnormal
one are slim.

MSAFP Levels and Trisomic Pregnancies

Recently, retrospective studies have shown that MSAFP not only tends
to be elevated in the presence of a fetal neural tube defect, but may be
diminished when the fetus has trisomy 21 (Down syndrome) or another
extra chromosome trisomy.'® Sensitivity and specificity have been
improved by concurrent measurements of certain hormones (human
chorionic gonadotropin and estrogen) that tend to be higher in the presence
of trisomy.'® Test results for a woman of a particular age are stated in
terms of the age that a woman in the general population would be to have
the same odds. For example, test results from a 32-year-old woman may
show that there is 1 chance in 70 that her fetus has a chromosomal
abnormality. These results are equivalent to the odds that a 37-year-old
woman has in the general population. Routine MSAFP screening may well
replace the maternal age criterion for amniocentesis, but some think it
premature to introduce such mass screening programs.’'®* In Canada, the
province of Manitoba uses MSAFP testing to screen for chromosomal
trisomies in addition to neural tube defects.

Magnetic Resonance Imaging

The use of magnetic resonance imaging (MRI) in PND is a relatively
recent application of what is fast becoming an important tool in many areas
of diagnostic medicine. MRI is similar to X-ray examination in its ability to
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peer into the body and depict internal structures. It does not, however,
involve the use of ionizing radiation such as X-ray. Rather, it uses
magnetism and radio frequency fields to examine the physical properties
of the elements that make up the tissues of the body. In many respects, it
is superior to other forms of imaging because of its ability to define soft
tissues and organs.'® It can also be used to provide information on the
biochemical status of fetal tissues. It does not, however, reveal movement.

The Technique

MRI is based on the phenomenon of nuclear magnetic resonance
(NMR), which was discovered by a German physicist, Bloch, in 1946.'® The
property of nuclear magnetism is characteristic of some but not all atomic
nuclei. Many of the elements that possess nuclear magnetism are
biologically significant, including the ubiquitous hydrogen and carbon. The
first applications of NMR were in physics and elemental chemistry, where
it was used to study atomic structure and atomic interaction. Biochemists
soon realized that NMR could be used to elucidate molecular structure and
interactions in biochemical processes,'®” and it has since been used to
explore a broad range of biological questions and to reveal internal
anatomy.!°® The possibility of applying it to prenatal diagnosis of fetal
anomalies and other birth defects was realized in the early 1980s.

MRI for PND involves exposing the subject to electromagnetic radiation
and obtaining a series of images that, as with ultrasonography, appear as
“slices” through a section of the pregnant woman’s body. Visualization
depends on the differences in the chemical composition of the various
tissues rather than differences in density. Images show the relative
position of organs and tissues within the body of the pregnant woman and
reveal the position of the fetus and its developing organs and tissues as well
as the position and structure of the placenta.'®

MRI may have several advantages over ultrasonography during
pregnancy. Its ability to define soft tissues of both the mother and the
fetus can be useful in diagnosing specific congenital defects. Also, because
MRI does not require distension of the bladder, as does ultrasound,
anatomical relationships can be visualized without distorting tissues in the
process.

MRI has been used to detect a number of fetal anomalies. It can be
especially useful in defining the anatomy of the central nervous system,
and has been used to diagnose a number of defects associated with the
brain,'’® as well as other conditions including intrauterine growth
retardation'’’ and lung, renal, and heart defects.'*?

One of the major distinctions between MRI and ultrasonography is
that MRI produces still images whereas ultrasonography is capable of both
real-time and still imaging. Fetal movement during the MRI scanning
procedure can result in artifacts that obscure resolution and complicate the
assessment of the fetus.
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Indications

Recently, a number of areas have been suggested in which MRI could
be a diagnostic adjunct.'”® It may be used in place of indicated maternal
or fetal X-ray or ultrasound, or as an adjunct to ultrasonography, providing
additional information on fetal structure, development, or growth, organ
development, and location and structure of the placenta, or for
confirmation of fetal anomalies and obstetric complications.

Safety

The safety of MRI has not yet been definitively established; its future
applications will depend on prospective and retrospective studies on both
the short- and long-term effects of exposure to magnetic and radio
frequency fields. Prevailing opinion suggests that it has few hazards, which
are minimal at most. Nevertheless, until the safety of MRI is established,
it should be used only for clear indications, and fetal and placental
exposure should be minimized.''* The U.K. National Radiological Protection
Board advises against imaging during the first trimester, during the period
of organogenesis, unless the patient is undergoing termination of
pregnancy.''

MRI is an expensive technique and is not widely available. While its
potential uses are well documented, its widespread use depends heavily on
economic, demographic, and safety considerations. It is unlikely that MRI
will ever replace other imaging techniques such as ultrasound, which has
established value and broad applications in the field of PND. However, the
use of MRI in PND is barely a decade old, and it is likely that its use will
grow as experience with the technique increases.

Preimplantation Diagnosis

Preimplantation diagnosis is the newest technique for the prenatal
diagnosis of genetic disorders and has its roots in three areas. Early
embryos such as those of amphibia were discovered to have remarkable
powers of reorganization after being manipulated. The early embryo could
be split, for example, and each half would develop into a normal individual.
Anne McLaren, a British embryologist and reproductive biologist, first
speculated that this regulative power could allow successful biopsy of the
early embryo for genetic diagnosis.'’® The second root was the ability to
recover human eggs or early human embryos by the technique of IVF. The
third and most recent was the development of DNA amplification
techniques, which allowed diagnostic analysis of the DNA from very small
amounts of tissue, even from single cells.'”

The Technique

The development of preimplantation diagnosis stems from the concern
that ordinary PND implies the option of abortion if a positive diagnosis is
made. In particular, later abortions (e.g., second trimester) are associated
with notable physical stress and psychological trauma for the mother.!!®
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Screening the embryo prior to its implantation in the uterus would provide
a method of PND that did not require abortion.'’* Because the technique
is carried out on the embryo outside the uterus, it would mean only that
the embryo would not be transferred into the uterus if it were found to be
affected. If the test result were normal, the embryo could be transferred to
the uterus for implantation and (it is hoped) continuation of the
pregnancy.'*°

Preimplantation diagnosis is very much in an experimental state, but
the technique appears to hold some promise in certain circumstances — if
the pitfalls and complications are worked out. The success of the
technique depends on a number of factors, the most important of which is
the accessibility of early embryos. There are two methods under
consideration. The first involves the techniques of IVF. Eggs are obtained
from the donor, fertilized in vitro (i.e., outside the woman’s body), and
allowed to proceed through several cell divisions, after which a few cells are
removed to provide DNA for genetic analysis. If the disorder in question is
not present, the embryo is placed in the uterus. The early embryo appears
to be able to reorganize itself and continue to develop normally. This
method is costly and carries with it the low success rates associated with
IVF.

The second method of obtaining embryos is their recovery, after
conception, by the technique of uterine lavage.'”’ In this case the early
embryo is recovered by flushing the uterus and examining the washings.
This method, however, has associated dangers and is not a recommended
approach. It is considerably cheaper than IVF but much less efficient, as
only one embryo, if any, can be recovered at any one cycle. Data on safety
and efficacy are being collected but are still scant, and it is not
recommended by the Society of Obstetricians and Gynaecologists of Canada
(SOGC) at this time.

Indications

At present preimplantation diagnosis can be done for any condition
that can be diagnosed by analysis of the DNA, but the difficult, stressful,
and expensive techniques of assisted reproduction are required to obtain
the early embryo for testing. Furthermore, the reliability of the techniques
of DNA diagnosis has not been fully established, and the method must still
be considered experimental.

Women at risk for a genetic disorder who reject abortion on moral
grounds but accept destruction of a preimplantation embryo constitute one
group who might choose preimplantation diagnosis. A second group
appears to be women who have had amniocentesis or CVS and endured the
termination of a wanted pregnancy because of a genetic disorder, and who
feel they cannot face the prospect again. However, given its limited
capabilities, it seems unlikely that preimplantation diagnosis will ever
seriously compete with other methods of PND.
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In Canada, at least one centre, University Hospital in London, Ontario,
has announced plans to establish a preimplantation diagnosis screening
program to be known as Early Preimplantation Cell Screening. The
intended program was developed in consultation with the Westminster
Institute for Ethics and Human Values and plans to focus on couples with
a family history of severe mental retardation. Other inherited diseases may
be included at a later stage.

Prenatal Diagnosis in Canada

Beginnings

The history of PND in Canada dates back to the late 1960s and the
introduction of amniocentesis in a few hospitals. Because use for genetic
analysis was very much a new technique, its introduction was limited to
teaching hospitals and university research facilities in a few Canadian
cities. The early services were limited by the scarcity of trained personnel,
laboratory facilities, and experience with the techniques; because of limited
awareness on the part of the public, there was less demand for PND
services at that time.

By 1970, medical genetics centres were established in major Canadian
cities including London, Montreal, Winnipeg, Halifax, Vancouver, and
Calgary. There were 13 centres doing PND by the end of 1971, each
capable of diagnosing cytogenetic disease and some inborn errors of
metabolism. As national and international experience with amniocentesis
and laboratory techniques grew, so too did the capabilities of PND. Further
research led to an expanding list of detectable diseases and, therefore, an
increased demand for the services.

Despite the expansion of services, there were no guidelines for the use
of amniocentesis; its practice relied heavily on methods and procedures
gleaned from the international literature and by word of mouth. During the
exploratory phase, procedures were done on volunteers who were going to
have an abortion for social reasons, or who were at high risk for having a
child with a serious disorder. There were failures in the form of dry taps
(failure to obtain fluid) and bloody amniotic fluids, but no one knew how
many. There were miscarriages following the procedure, but it was difficult
to distinguish between those induced by the procedure and those that
would have happened naturally. There were occasional reports of damage
to the umbilical cord or placenta, infection, or needle puncture of the fetus,
but no one knew how many. Of course, there was an increasing number
of successful prenatal diagnoses. Early on, some obstetricians would do
amniocentesis in their offices, on only a few patients a month; however,
their failure rates were unacceptably high. As the demand for testing grew,
obstetricians and geneticists agreed that the procedure should be done in
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centres by a few obstetricians who would do many cases, and who would
thus become expert with the technique.

Establishment of the Canadian Working Group

By 1971, there was serious concern that the use of amniocentesis was
increasing on a haphazard basis, with no data on how effective or how risky
it was. It was clear that its safety and effectiveness had to be evaluated.
With the initiative and support of Dr. Malcolm Brown, the first president of
the MRC, a working group was appointed in 1971 to look into the matter.

Although the working group was given a broad mandate, its most
immediate task was to study the safety and efficiency of amniocentesis as
well as its benefits and limitations. To accomplish this, the working group
developed a protocol for a large collaborative study of the safety and
effectiveness of amniocentesis. The study, which was funded by the MRC,
invited all Canadian centres performing amniocentesis to take part. By
1976, all 13 centres participated in the collaborative effort by providing
information and data collected in a consistent manner on their respective
experiences with amniocentesis. The data were then pooled and analyzed
in order to document the Canadian experience with amniocentesis.

The final report was published in 1977 and, in addition to presenting
data, it made a number of recommendations regarding the delivery of PND
services.'* It outlined the indications for the use of amniocentesis for PND
and concluded that it was an effective technique with a small, but not
negligible, associated risk. Amniocentesis, in conjunction with adequate
and appropriate counselling, was considered to be an effective tool for the
detection of genetic disease. Facilities and funds within provincial health
services were recommended to ensure efficient and equitable delivery of
PND services.

The MRC report was, and still is, widely cited internationally. Thus
Canadian investigators played an important role in the development of
amniocentesis as a PND technique. Studies in other countries yielded
similar results.'?® Together, these studies established amniocentesis as the
foremost PND technique and changed its status from an experimental
procedure to one of standard clinical practice.

In the years between the beginning and the publication of the MRC
study, two events took place that were central to the development of PND
services in Canada. The first Canadian guidelines for the practice of
amniocentesis were published, and the Canadian College of Medical
Geneticists (CCMG) was established.

First Canadian Guidelines

Following the introduction of PND services in the early 1970s, there
was concern that PND services were expanding without supervision, and
without guidelines to ensure that amniocentesis was not used
irresponsibly. Three professional organizations — the Canadian Paediatric
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Society (CPS), the SOGC, and the Genetics Society of Canada (GSC) —
decided to study the practice of amniocentesis and recommend guidelines
for its use in Canada. After three years of study, these three organizations
published a joint statement recommending that amniocentesis be
performed for specific indications and stating how the techniques should
be performed.'** This was the first step in the development of Canadian
guidelines for the safe and responsible delivery of PND services. These
1974 guidelines were not meant to pre-empt the MRC report, which would
not appear until 1977, but they were drafted to provide some guidance to
practitioners until the MRC report could recommend more substantial and
comprehensive guidelines to standardize practice in Canada.

Canadian College of Medical Geneticists

In the same year, at the annual meeting of the GSC, a small working
group of those involved with genetic counselling services decided that a
professional organization representing medical geneticists was needed to
oversee the burgeoning medical genetics services, including PND. The
concern was, in part, a response to the fact that a few ill-qualified
geneticists were offering counselling that was inadequate, inappropriate,
and sometimes erroneous. This meeting set in motion the chain of events
that led to the formation of the CCMG and its incorporation in 1975. Since
its incorporation, the CCMG has taken responsibility for the accreditation
of medical geneticists, and of centres providing genetic services, and has
been a central force in developing standards for the delivery of prenatal
genetic services in Canada. Medical geneticists accredited by the CCMG
can be physicians or persons with doctoral degrees who have proven
themselves proficient in the provision of genetic services. The Royal College
of Physicians and Surgeons of Canada, in response to long-standing and
persistent requests from the CCMG, has recently recognized medical
genetics as a specialty, and hence will share responsibility for the training
of physicians in that field.

Provincial Initiatives

Because health care in Canada is primarily a provincial responsibility,
expansion of PND services depended largely on individual provinces to fund
facilities, personnel, and programs. Provinces have played a pivotal role in
developing programs to support these services. Among the first to initiate
coordinated genetic services were Quebec, Ontario, and British Columbia.
Other provinces have developed similar programs, and PND services are
now offered at 21 centres and are available in every Canadian province
except Prince Edward Island.

Ontario was an exemplary model of negotiation between geneticists
and the provincial government for the allocation of funds for genetic
services. The provincial government struck a task force in the early 1970s
to study the need for genetic services. In 1976 the task force on genetic



The History and Evolution of Prenatal Diagnosis 31

services reported to the Ontario Council of Health, recommending that
Ontario develop and implement province-wide medical genetic services.
The Council subsequently adopted the recommendations, which led to the
development of a system for genetic services in the province. The system
is based on a number of regional hospitals such that various regions of the
province have more or less equal access to the services. Many of these
centres are large and self-contained while others are smaller and rely on
larger centres for professional and laboratory support. For instance, a
service is offered in Sudbury, though amniotic fluid or CVS samples are
sent to the clinic at the Children’s Hospital of Eastern Ontario for
laboratory analysis. To support these PND services, a global budget was
allocated to be partitioned by an advisory committee on genetics made up
of representatives from the various genetics centres. Genetic services in
other provinces work on a number of more or less satisfactory variations of
this model.

The necessary government involvement in the development of prenatal
diagnostic services was, and continues to be, organizational and
administrative, related to the provision and distribution of funds to ensure
that services are available to the population. The quality of services,
including counselling and laboratory diagnosis, is largely monitored by the
CCMG through their published guidelines, standards, and accrediting
procedures for member professionals and centres. Neither the federal nor
provincial governments provide guidelines for the performance of PND. The
only exception is the national guidelines that have been established by
Health and Welfare Canada on the safe use of diagnostic ultrasound
technology.'?®

MSAFP screening programs have been recognized as an effective
method to detect neural tube defects (anencephaly, spina bifida) in the
general population. In countries where MSAFP programs have been
developed and implemented, the result has been a decrease in the number
of babies born with neural tube defects. In Canada, only Manitoba offers
MSAFP screening as a provincial program. Results from the five-year-old
program show that the birth prevalence of neural tube defects in Manitoba
has fallen by about 50 percent.'*® Similar programs are currently under
consideration in other provinces, but no funding has yet been allocated.

CCMG Guidelines

The early 1980s saw an increased demand for PND services in Canada.
The CCMG, in cooperation with the SOGC and the CPS, responded by
developing the first comprehensive set of guidelines for the use of PND
techniques and for the delivery of PND services.'?” The 1983 guidelines
were developed with wide consultation and relied on Canadian studies
along with an evaluation of experience in other countries. The report of an
international workshop on PND (Val David, Quebec, 1980) was also a
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resource, as it included widely held views on the current status of PND in
the Western world.'*®

Clinical Trials of Chorionic Villus Sampling

The early 1980s also saw renewed interest in first-trimester CVS as an
alternative to amniocentesis, but obstetricians and gynaecologists felt that
its safety and accuracy had to be measured before it was widely offered. To
that end, a large-scale prospective study was launched in 1984 to compare
the effectiveness, accuracy, and risks of CVS and amniocentesis. It was felt
that a valid comparison could best be made by a trial where the women
were assigned at random to one procedure or the other. This presented
obvious difficulties, because the women might have strong feelings about
their preferred procedures. The problem was largely overcome by including
in the trial only women who were aware of the need for randomization and
who consented to it. Those who did not wish to be assigned to receive the
procedure at random could have amniocentesis, but not CVS. The study,
under the direction of the Canadian Collaborative CVS-Amniocentesis
Clinical Trial Group, was sponsored by the MRC. The report, which
appeared in early 1989, concluded that CVS was an effective technique
with specific advantages over amniocentesis, particularly that it could be
used earlier in pregnancy, but that it carried slightly higher risks of
spontaneous abortion.'?

Similar (though not randomized) large-scale studies of the safety of
CVS in countries such as the United States'*® reached more or less similar
conclusions, though there may be some question of the safety of CVS before
the tenth week of pregnancy (see the subsection on CVS in the section
entitled “The Evolution of Prenatal Diagnostic Techniques”).’®! CVS in
Canada, as in other countries, is a technique that is firmly established in
the clinical practice of PND.

CCMG Update of 1983 Guidelines

The CCMG, along with the SOGC, has prepared an update of the 1983
guidelines, specifically to address the significant changes that have
occurred during the past eight years,'*

In addition to the guidelines for the operative procedures, the CCMG
has published professional and ethical guidelines with respect to the
practice of medical genetics.'® These guidelines explicitly state the
responsibilities of the geneticist to the patient, society, and the profession.
These guidelines have teeth: a professional who transgresses could be
censured and, if the CCMG Board considered it serious enough, could lose
fellowship status in the CCMG as well as face disciplinary action from the
provincial licensing body. The guidelines also establish reasonable
standards of practice that could expose a transgressor to legal suit.
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Other National Guidelines

The operation of PND services in Canada does not differ appreciably
from those in other countries of the developed world. The most noteworthy
variation from country to country is the minimum age for women referred
because of advanced maternal age. The cutoff age in Canada and other
countries is 35 years, because the odds of having a fetus with a trisomy
begin to increase sharply at that age, but some countries use 38 years of
age as a minimum (e.g., Italy). Other centres allow lower age limits (e.g.,
a Texas clinic will consider any woman 383 years of age or more, and an
Oregon clinic sets 34 years of age as the limit). It is reasonable to assume
that economic factors play a large role in deciding these criteria. Where the
cutoff is higher than 35 years of age, it is usually because funds are
insufficient to provide the service for as many women; where it is lower
than 35 years of age, the service may be paid for by the individual.'**

The literature does not provide any evidence that countries legislate
PND. There are, however, examples of jurisdictions that legislate that PND
be available to women who choose to seek advice and testing. This is the
case in Oregon in the United States, for example, where despite the lack of
state-funded medical insurance the state will pay for PND services.
However, even in jurisdictions where there is state funding, PND services
tend to be concentrated in urban hospital centres, making it more difficult
for members of rural populations to gain access.

In some countries, guidelines for the use of PND are developed and
administered by groups similar to the CCMG — professional organizations
that are responsible for regulating the practice of medical genetics. Such
is the case in Sweden, Switzerland, and Great Britain.'*

In the United States, the American Board of Medical Geneticists does
provide some guidelines for the delivery of PND services, but individual
states and institutions may further develop their own guidelines. For this
reason, the delivery of PND may differ from state to state; however, the
differences are minimal. For example, a centre in Houston, Texas, has
developed its own guidelines and protocol for the delivery of services. These
guidelines include indications for referral and criteria for termination
procedures, among other things.'*®

The (American) Association of Cytogenetic Technologists has developed
guidelines for chromosomal analysis. These were developed after a review
of guidelines established by several states and regional genetics centres.
Their intent is not necessarily to standardize laboratory procedures, but
rather to provide institutions with a basis for developing laboratory
standards of analysis.'®’

In Italy, there are no national guidelines for prenatal genetic services.
Clinics and programs operate within the National Health Service System
and follow, by and large, guidelines that are established in the international
literature.'*®
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In Hong Kong, genetic services are coordinated by the Department of
Medical and Health Services of Hong Kong, and are under the direction of
the Clinical Genetic Service and the Prenatal Diagnosis Service. These
central bodies are responsible for the funding of programs. The Hong Kong
Society of Medical Geneticists, which was established in 1986, is
responsible for professional concerns including the promotion of its
scientific programs. No mention is made of its role in establishing
guidelines.'*

It is important to note that professional organizations, with the
support of governmental departments and agencies, have provided much
direction with regard to the practice of medical genetics, particularly by
advocating large-scale studies to establish the safety and accuracy of
various techniques and to monitor their practice.

In countries where certain genetic disorders are unusually frequent,
data on their prevalence have provided justification for special programs to
identify carriers and to offer PND for high-risk couples. A number of
programs that address such needs have been very successful in identifying
carriers and affected fetuses. A case in point is the development of special
programs in southern European countries where the prevalence of certain
haemoglobinopathies (SCA, thalassemia) is high among certain ethnic
populations. In these countries, successful screening programs have
virtually eliminated these diseases in some regions and dramatically
reduced their prevalence in others (e.g., Italy, Sardinia, and Cyprus).'* In
Canada, such programs exist for Tay-Sachs disease (a generative brain
disease causing death in early childhood) in Ashkenazi Jewish and certain
French-Canadian groups, for sickle-cell disease for persons of West African
descent, and for thalassemias in Mediterranean and Oriental populations.

Reaction to and Debate over Prenatal Diagnosis

The advent of PND has been regarded as breakthrough technology,
and for many people has generated moral questions that are not answered
easily. Consequently, personal, social, moral, and medical implications of
PND continue to be the subject of public and professional debate.

During the formative years of PND toward the end of the 1960s,
reaction to new developments was limited largely to discussions within the
medical and research communities; public reaction, if any, was minimal.
Even when amniocentesis began to be put into practice in the early 1970s,
reaction was limited to professional concerns over specific techniques and
the implementation of specific services. More recently, the impacts of PND
on society, women in particular, and even the gene pool have been debated.
Although there is concern over the safety and efficacy of specific
techniques, much of the public discourse deals with major ethical
dilemmas. The most notable example is the morality of using abortion as
a means of avoiding the birth of a fetus with a congenital disorder.
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One reason for the lack of widespread public debate and reaction to
PND in its formative years may have been the absence of organized special
interest groups that could respond to technological developments in the
field. Even if individuals had concerns, for which there is little evidence,
there was no means of publicizing them. - Today, much of the public
discourse is initiated by watchdog organizations and interest groups that
have specific concerns about the development and impact of PND
technology. Much of the debate over PND in Canada is led by groups
representing women’s interests, disabled people, the pro-choice movement,
and the pro-life movement. These groups have significant political power
and are regarded as major players in the debate.

Another possible factor contributing to the lack of public reaction
during the early days of PND development was a lack of media attention.
At that time, science and medicine did not seem to have the attention of the
media that they enjoy today, and reports about breakthroughs in medicine,
to say nothing of PND, were relatively few. Moreover, the technologies were
considered experimental, and any published references to either the
techniques or their impact were mostly buried in the scholarly literature.

Today the media follow events in the world of science and medicine
closely, and are quick to report on any new developments. They also pay
particular attention to controversial issues and new technologies. The
increased profile of medicine and technology has led the media to provide
a forum for the public and professionals to proclaim their views but,
regrettably, few opportunities to exchange viewpoints and information.

Public Debate

One of the first public debates over the use of preventive genetics
concerned the development of screening and testing programs to identify
carriers of the SCA gene in the United States. Because SCA is prevalent in
the black population, these programs were aimed at black Americans so
that they could be most effective in reducing the prevalence of the disease.

The aim of the SCA programs was to identify high-risk couples in
which both parents could pass on the recessive gene. In such cases the
chance was one in four that a child would manifest the eventually lethal
anaemia. Unfortunately, in this first approach to genetic screening, the
need for public education and for counselling services was not appreciated;
their lack led to many misunderstandings about the nature of the disease.
For example, there was the belief that anyone carrying the gene in a single
dose was at risk for the disease, thus equating sickle cell trait and sickle
cell carrier state disease. This misunderstanding led to unjustified anxiety,
stigmatization of carriers, incidents of inflated insurance premiums, and
even job losses. These unfortunate events greatly concerned black and civil
rights organizations and geneticists. Even during the late 1970s, the U.S.
government, through the Air Force Academy admission procedures,
disqualified all candidates for aircrew who were found to be SCA gene
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carriers, despite the lack of proof that a carrier was any less fit to serve.
After intense criticism from black action and civil rights groups and
geneticists, state governments backed away from mandatory screening.'*!

Another major criticism of SCA screening programs was that there was
nothing to offer high-risk couples except genetic counselling. After
counselling, couples were still faced with the decision of whether to take the
one-in-four risk, or not have children — PND was not practicable, as it
required a fetal blood sample obtained by means of fetoscopy, which was
not considered safe, effective, or widely available. Now the diagnosis can
be done on cells from the amniotic fluid, or chorionic villi, so there is
something definite to offer, and screening programs (with appropriate
counselling and laboratory support) are functioning quite effectively in a
number of countries.

More recently, concerns have been expressed over the use of genetic
testing to identify genetic predisposition to disease and disability. Labour,
civil, and public rights groups are concerned that diagnosing a genetic
predisposition will lead to problems similar to those encountered with SCA
testing (i.e., concerns about being labelled as a disease carrier).'*> People
are also concerned about the confidentiality of personal genetic information
and the potential of such information to be misused by insurance
companies, leading to discrimination in the workplace. These concerns are
not directly related to PND technology per se, but questions are also being
asked about the potential use of PND for diseases of late onset (e.g.,
Huntington disease) or for genes that only increase susceptibility to a
disease (e.g., diabetes or schizophrenia).

During the last decade, public and special interest groups have
examined PND intensively, and have initiated public debate on a number
of fronts and on a variety of issues. These include concerns over:

e the stigma of being labelled as a genetic disease carrier;!*®

° what it means to a woman to have her health and that of her
fetus called into question;'**

o whether older women are being stigmatized as being less fit to
carry children;'*®

o whether programs to eliminate fetuses with certain disorders will
adversely affect society’s attitudes toward persons with
disabilities; *®

o whether the increasingly routine use of PND and prenatal
screening alters women’s perception and experience of
pregnancy;'*’

o whether the proliferation of prenatal services diverts resources
and attention from non-genetic causes of disability;
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e  whether the use of genetic technology, including PND, will result
in biological differences between individuals being reduced to
merely DNA codes, and loss of personal individuality;!*® and

o the medical, social, and biological impact of interfering with gene
frequencies.

Many more arguments stem from special interests that advocate
particular positions with regard to PND. Among the more widely publicized
positions are concerns about abortion. Some argue that abortion should
not be permitted under any circumstances. Others debate how serious the
medical and social burden of a condition must be to justify abortion.

Some groups maintain that if an abnormality is diagnosed, women are
either subtly or overtly pressured into terminating the pregnancy, and that
such pressure impinges on the right of women to make personal choices
with regard to pregnancy. They also point out that such pressure may
discourage people who would consider having PND even if they would not
have an abortion, but who wish to use a diagnosis to prepare themselves
for the birth of a child with a disability.

It is a basic tenet of genetic counsellors in Canada that their
counselling should be non-directive. Any pressure to influence a woman
or couple to have (or not to have) an abortion would be contrary to the
guidelines and leave the counsellor open to censure. There is little evidence
that such coercion occurs in Canada; if it does occur, it is likely to come
from over-authoritative physicians or friends and relatives rather than
genetic counsellors.

Another concern is that some genetic conditions vary in severity, and
that PND techniques cannot predict the degree to which a fetus will be
affected by a particular disease. For instance, amniocentesis can be used
to diagnose spina bifida but cannot test whether the child will have more
or less severe manifestations of the disorder. This has raised some people’s
concerns that near-normal fetuses may be aborted. Uncertainty does exist
in some diagnostic situations; it is the duty of the counsellor to try to
ensure that the couple is aware of the risks and also of degrees of certainty,
and that they understand the implications.

Similarly, there is the chance of error in diagnosis as the result of
mistakes in laboratory work, or errors in record keeping. On the one hand,
this has caused concern that a wrong diagnosis could lead to either a
deformed child being carried to term (i.e., a false-negative result) or the
abortion of a healthy child (i.e., a false-positive result).

False diagnoses of extra or missing chromosomes are exceedingly
rare.'*® This is similar for enzymatic deficiencies. However, in some
situations, such as mosaicism (i.e., the presence of two cell lines in the
culture) or predictive testing where the DNA marker is close to the gene but
not in it, the interpretation may involve some ambiguity. It is not that the
diagnosis is wrong, but that if action is taken when the test has a
recognized 5 percent probability of being inaccurate, the action may lead
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to the undesired result in 1 case in 20. Again, such uncertainties must be
carefully explained to couples during genetic counselling.

There is also debate over the cost-benefit arguments that are used in
some cases to justify PND. Some people react strongly to the notion that
disability is costly to society, and they reject any material definition of
ability or disability. Others define costs of disability broadly; they enter
economic and social concerns as well as pain and suffering into cost-benefit
equations. Such issues are complex, and there are no simple answers.
However, there is some agreement that cost-benefit arguments should be
considered in decision making concerning resource allocation.

Some groups have also expressed fears that new genetics research,
including PND, is effectively old-style eugenics. Some groups believe that
the promotion of PND, selective abortion, and encouraging or discouraging
marriage and child bearing of individuals with certain traits are
components of eugenic thought and thus to be discouraged. Some consider
eugenics to be inherently evil and describe trends to use PND as “Hitler
revisited.”'™

Apart from the political and moral overtones of eugenic concerns about
PND, the basic eugenic question would be whether it increases the
frequency of deleterious genes in the gene pool and what the long-term
biological consequences would be. For example, would interfering with
natural selection create a less adaptable genome? Those who support PND
answer that it is not done for eugenic reasons. Whether it results in a
decrease or increase in frequency of deleterious genes for different
conditions, these changes will be slow and small. They hold that the
purpose of PND is to alleviate the suffering, pain, and anguish both of the
affected persons and of those who must support and care for persons with
such disabilities.

Religious and other groups have had a significant impact on attitudes
toward PND and the other new reproductive technologies; their opinions are
important in shaping the debate about the impact of PND on individuals
and society.

While abortion is prohibited under Jewish law and all Jews are taught
not to treat abortion lightly, some Jewish legal authorities hold that in
extenuating circumstances a pregnancy can be terminated. Severe genetic
diseases that are amenable to PND are examples of extenuating
circumstances.'®!

In contrast are the more stringent teachings and doctrines of the
Roman Catholic Church. In a 1987 pronouncement, the Vatican urged
governments to initiate legislative action to prohibit new reproductive
technologies that are related to abortion. The statement specifically
condemned the use of PND if the woman who requests it intends to have
an abortion if an abnormality is found. The Vatican was concerned about
the need to preserve the sanctity of human life and pointed out that a
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society, and indeed a civilization, can be measured by the respect shown
to its weakest members.'®

Measuring patients’ reactions to and attitudes toward PND has been
an important component of the research and development. In fact, many
of the changes in techniques and programs are the result of problems and
pitfalls identified through user surveys, and studies of patients’
experiences. Patients’ reactions, combined with the results from clinical
trials, have provided the impetus for developing simpler and safer
procedures and more effective services and programs.

An example of the importance of patients’ reactions and attitudes was
the development of CVS as a viable alternative to amniocentesis. CVS was
primarily developed in response to concerns that mid-trimester
amniocentesis, though safe and reliable, was not optimal because it could
not be done before the second trimester. CVS had the advantage of
providing earlier diagnosis and greater privacy with regard to the pregnancy
and a possible decision to terminate. If abortion was chosen, the procedure
was safer than the mid-trimester abortions associated with amniocentesis.

Human Costs and Benefits of Screening Programs

In general, screening programs present greater problems and
challenges than testing services such as amniocentesis, largely because of
their wider public impact. Large-scale screening programs have costs and
benefits in both economic and human terms. Although much attention has
been paid to the economic impact of MSAFP screening, for example, fewer
studies have attempted to assess its human impact. This is probably due
to the difficulty of measuring intangibles such as parental distress or relief
of anxiety. Human benefits and costs are not amenable to quantitative
balancing, though psychological instruments are being developed to
measure values such as quality of life.'

Different individuals will reach different conclusions regarding the
relative costs and benefits of screening programs. Some view the reduction
of suffering as a substantial benefit; others are influenced by the ability of
screening to reduce the cost of supporting severely handicapped individuals
who would otherwise be born. Some people regard the chance of accidental
abortion of otherwise normal fetuses as indefensible. Yet others see the
rare loss of a normal fetus as less of a cost than the long-term morbidity of
a neural tube defect. In any event, wide discussions are required to enable
society as a whole to decide the extent to which, if at all, a program should
be implemented.**

Professional Reaction

Professional reaction to developments in PND services, techniques, and
programs has been fairly consistent from the early years to the present day.
As noted previously, most of the early reactions to the advent of PND were
from professionals whose attitudes and advice played a pivotal role in its
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early success. The support of professionals was contingent upon clinical
studies to ensure the safety and effectiveness of the techniques before their
acceptance into clinical practice. Professionals also recognized the need to
ensure that the procedures were being performed by capable practitioners,
who knew what conditions could be diagnosed. They recognized the need
for organizations to oversee the expansion of medical genetics services in
general and PND in particular. Organizations comparable to the CCMG
began to appear around the world, along with governmental advisory bodies
and research centres.

Professional organizations have responded to developments in the field
of PND by advocating particular courses of action and responding to the
need for clinical research trials and cost-benefit studies to justify programs
and services. They continue to play a central role in this area by updating
and revising the guidelines. In Canada, for example, the CCMG and other
professional bodies keep pace with the ever-expanding field of PND by
modifying guidelines to incorporate new technologies and new
developments.

There is some professional debate over who should set guidelines for
the delivery of PND services. Some people think that expansion of services
has not always been in direct response to demand, and they suggest that
other interests have fuelled development. A case in point is the expansion
of ultrasound technology as part of standard obstetric care; it is said that
at least some of the interests served are those of the medical supply
companies.'® Some authors suggest that the common cutoff ages for
eligibility for PND are arbitrary and probably set for economic rather than
sound medical reasons. They question the assumption that professionals
should be the gatekeepers and suggest that consumers of the services and
the public (particularly women) should have a seat at the table when such
decisions are made.'*

Professional organizations provide expert advice to governments,
hospitals, and medical genetics clinics on the way programs should be
implemented and funds allocated, and the kinds of research support
required to sustain effective programs. Professionals have been involved in
conducting and commenting on cost-benefit studies that may be helpful in
justifying PND programs and services.'’

Most of the formal professional reaction to PND in Canada is voiced by
organizations such as the CCMG and the SOGC. However, individuals from
the social and medical sciences have published viewpoints that differ from
official stands on particular issues. They have, for example, commented
extensively on attitudes toward disability and the impact of PND on these
attitudes. Some persons advocate PND because disability is seen to be
inherently destructive of productive life: people free from genetic disorders
will be able to live full lives and contribute more productively to society.
Others rebut this type of argument as one that presumes that disability per
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se is the source of non-productivity, rather than associated defeatism and
the societal conditions that cause the lack of productivity.'*®

The recent attention given to a small number of physicians who wish
to use PND to identify fetal sex for non-medical reasons has alarmed many
professionals and members of the public. Most regard sex diagnosis for
non-medical reasons as a thoughtless and dangerous application of PND.
The medical community has, for the most part, reacted strongly against
these developments and has stated (e.g., CCMG guidelines) that PND
should not be used to identify. sex for non-medical reasons. However,
substantial arguments have been made in defence of sex diagnosis, in
particular that couples have the right to make their own reproductive
decisions.

Professional bodies have used their influence to prevent abuse in other
ways, for example in the case of MSAFP testing kits. During the early
1980s regulatory agencies in the United States approved AFP testing kits
for use in physicians’ offices. It was claimed that these kits could be used
to measure MSAFP levels and diagnose the presence of neural tube defects.
Reaction from professional organizations was swift and vigorous. They
strongly discouraged the use of such kits on the grounds that their
unsupervised use would be dangerous and not consistent with the widely
accepted fact that prenatal testing requires extensive normative data to
allow proper interpretation of the results, and that counselling is needed to
fully explain the purpose of the test. Uninformed use could lead to
unnecessary anxiety, concern, and abortion.'®®

In Canada, and specifically Ontario, a similar controversy erupted in
the mid-1970s over the question of office use of MSAFP testing kits. The
Ontario Advisory Committee on Genetics was asked to recommend the
conditions under which such screening should be permitted. In 1980, the
Committee sought to oppose the unrestricted sale of the MSAFP kits. The
decision was made because of a lack of data to document the need and
appropriateness of such screening, and because educational, quality
control, and ethical issues had not been considered. The Committee had
the support of the Association of Genetic Counsellors of Ontario and the
SOGC. As a result, the unrestricted sale of these kits was banned in
Ontario and eventually in all of Canada.

As the public becomes more involved in the debate over new
reproductive technologies, PND in particular, professionals are being called
on to emerge from their hospitals and laboratories to explain their role in
modern medicine and to justify the development of controversial
technologies. Increasingly, scientists and health care professionals have to
pay close attention not only to their professional interests but also to their
societal responsibilities. By any measure, these challenges help to
promulgate informed and expert opinion on complex and challenging
issues.

One of the first comprehensive examinations of the impact of the new
genetics is contained in a book by Israeli sociologist Amitai Etzioni
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published in 1973. The volume deals specifically with what he learned and
felt after he participated in an international meeting of experts that
reviewed the new scientific breakthroughs of the time.'®® Among other
issues, Etzioni discussed the moral, social, and ethical impact of the new
and potential genetic technologies. In surprising detail, he describes the
consequences of being able to select the sex of a child, breed a healthier
and superior race, detect genes that code for diseases that are manifested
later in life, and detect genes that are “bad.” He questions who should
make decisions regarding the development and use of these technologies.
Ultimately he called for a double antidote: a “stimulant” to energize the
passive members of the community who allow science to shape society, and
a “mild tranquillizer” for those who reject all technological advances. He
also called for a greater ability to discriminate, judge, and review these new
technologies, and to learn to use them for our own benefit rather than
exploitation. Many of the issues Etzioni raised are exactly those that
confront us today, the only difference being that at the time of Etzioni's
writing the technologies were largely potential — today they are a reality.

Government Reaction

Governments have responded to developments in the field of PND by
developing and implementing PND services and programs, soliciting advice
of experts and views from the public, and supporting research and
development.

Governments, it may be assumed, are motivated to consider the best
interests of the public and act in response to expert advice and prompting
from special interest groups. Nevertheless, governments are constrained
by competing interests, and complicating economic, social, and legal
circumstances. They are required to balance prudently the best interests
of the community with economic realities, and reflect common societal and
community standards. This is a difficult task, one that requires wide
consultation with the public and with experts in the field.

To assist them, governments commission task forces and set up bodies
to advise them about scientific and economic realities, as well as the impact
of particular public policy initiatives. In Canada, the federal government
struck a commission (the Royal Commission on New Reproductive
Technologies) to study, among other things, PND and genetic testing.
Because technology tends to outpace the ability to deal with and
comprehend the wider implications of its applications, the government is
seeking a comprehensive study of these questions to gain the best advice
on how to proceed with policy concerned with the new reproductive
technologies. Commissions of inquiry in other countries have had a similar
function.'®

As is the case with any new health care technology and program,
matters of economics and funding are important, especially in light of
strains on the funding of health care. For this reason, governments may
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pay attention to cost-benefit and cost-effective arguments that predict the
net gain, short- or long-term, to be realized if particular programs are
implemented. These studies assist the government to translate attributes
of programs and services into dollars; researchers can try to factor both
tangible and non-tangible costs into the equation.

The predictions of cost-benefit analysis can vary between countries
and even between regions within countries, and must take into account the
local or regional epidemiology of genetic disease. For instance, in Canada,
neural tube defects are more common in eastern than in western provinces.
Cost-benefit analysis may reveal that PND programs may be economically
justified in those areas where neural tube defects are common and not in
areas where the incidence is low.

, Government agencies (particularly the MRC) have been key supporters
of basic and clinical research into the safety and efficiency of PND
techniques. They have funded large-scale prospective and retrospective
studies that have played a major role in incorporating new techniques into
standard clinical practice.

Despite the best intentions to gather advice and counsel, governments
have not always been successful in their attempts to implement prenatal
genetic testing and screening programs and services. The U.S. experience
with SCA testing is a classic example of how government attempts to
implement programs may have untoward impact. The U.S. government
endorsement of AFP kits by the Food and Drug Administration exemplifies
the problems that can occur with product endorsement, and illustrates how
governments can be at the mercy of limited data and information.

Notwithstanding these examples, the majority of government-
supported programs have had the effect of reducing the incidence of a
number of conditions. The screening programs that were set up to identify
carriers of thalassemia (a hereditary anaemia) in Cyprus, Greece, and Italy
resulted in dramatically reduced incidence of this severe disease. In some
regions of these countries the disease has been almost totally eradicated
through screening, testing, and selective abortion.

Legal Concerns

As the ability to test and screen for genetic diseases continues to
evolve, so too does the legal framework that defines the rights and
responsibilities of parents, children, and fetuses. Governments, through
their judicial and legal branches, have fiduciary responsibilities to interpret
these rights to protect both the individual and society.'?

The courts have been challenged to rule on a number of landmark
cases that stem from the perceived implications of PND. These cases,
known as “wrongful birth” and “wrongful life” suits, have focussed attention
on legal definitions of the rights and responsibilities of patients, hospitals,
and physicians.'®
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Wrongful birth suits are usually initiated by mothers whose doctors
did not say that PND could be done to test the genetic status of a fetus
when there was a risk of having a child with a genetic condition. As a
result, the woman feels she was denied the opportunity to make an
informed decision about whether or not to continue the pregnancy.
Wrongful life cases'® are brought on behalf of a child who would not have
been born to experience the suffering caused by genetic disease if the
doctor had properly informed the parents that this was likely to happen.
In the few cases where these suits have been decided, courts have awarded
costs to help attend to and care for a disabled child, and also punitive
awards. No such suits have succeeded in Canada, as yet.

Epilogue

PND has gradually become part of the system of genetic services.
Many of the techniques were modified from other usages. The very early
work on techniques for obtaining amniotic fluid for PND was done outside
Canada, particularly in Israel, Great Britain, and the United States.

The procedures could not have been developed without the cooperation
of pregnant women who were going to have abortions and who agreed to
undergo experimental procedures before their pregnancies were terminated.
Details are scant as to how these women became involved, their motives,
and whether their consent was truly informed. Requirements for proof of
informed consent, much less informed choice, were virtually non-existent
in those days. It is likely that many, if not all, of the women who
cooperated did so for altruistic reasons, but this cannot be documented
some 30 years later. There is an opportunity to examine the question a
little more closely in the case of women cooperating in the early
development of fetoscopy in Montreal in the early 1970s. Personal
recollections made it clear that these women did cooperate for altruistic
reasons, and that they did sign consent forms.'*

In Montreal, the first PND was done in 1968 by Dr. Louis Dallaire,
whose doctoral research involved screening families with recurrent multiple
malformations to look for chromosome rearrangements that might be the
cause. Of the six discovered, one was found in a stillborn child whose
mother carried a balanced chromosome translocation (a rearrangement that
put her children at high risk). This diagnosis meant that her future
offspring were at increased risk. The woman asked if there was any way to
find out before birth if children were affected. When the woman became
pregnant again, Dr. Dallaire found an obstetrician who was doing
amniocentesis during late pregnancies for fetal monitoring, and who was
willing to try it earlier — as soon as the uterus could be felt above the pelvic
rim. The amniocentesis was successful, the culture grew, and the
chromosomes were normal. In the following months doctors went on to do
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amniocentesis on women who were over 40 years of age or were carriers for
X-linked diseases, and PND gradually began to be offered along with genetic
counselling services.'*®

In Chicago, Dr. Henry Nadler, in his first job, was studying how inborn
errors of metabolism might be expressed in cultured cells. He also worked
in the genetics clinic, where he counselled a woman who had had two
children with Down syndrome, and who was eight weeks pregnant. She
carried a chromosome translocation, probably 21/21, which meant that
any live-born child she had would have Down syndrome. In those days,
however, it was impossible to be sure it was a 21/21 rather than 21/22,
which carried a lower risk. Unfortunately her application for an abortion
for genetic reasons was denied, and, following an illegal abortion, she died.
As a result, Dr. Nadler committed himself to perfecting PND. He began
learning how to grow cells from amniotic fluid, using fluid obtained during
second-trimester abortions by an obstetrical colleague.'®’

In Winnipeg, PND was initiated after the Paediatrician-in-Chief,
Dr. Harry Medovy, heard about it at the Bar Harbor course in Medical
Genetics, a course that in those days was aimed primarily at physicians
who had graduated from medical school without any exposure to genetics.
The Winnipeg geneticists found some obstetricians willing to do the
procedure and arranged that only a few would do it, to ensure that they
had enough cases to become expert.

In Edinburgh, David Brock discovered the AFP connection with neural
tube defects when his student, plagued with contaminations (from the
manure the gardener was spreading outside the windows) that interfered
with his attempts to grow cells from amniotic fluid, decided to study the
proteins in amniotic fluid instead. The investigation revealed that all such
protein came from the mother, with the exception of AFP. They guessed
that for a fetus with an abnormal opening, the AFP might leak into the
amniotic fluid. Subsequently, they measured the AFP in amniotic fluid that
had been frozen and was later found to have come from anencephalic
fetuses.'®

In Vancouver, Dr. J.R. Miller recalls the frustrations of counsellors
having to say no when asked whether there was any way of telling before
birth whether babies would be abnormal. But when the first reports of PND
appeared in the literature, he wrote a letter to the editor expressing
concerns about the effects of amniocentesis on the human fetus. He was
concerned that because the McGill group had demonstrated that
amniocentesis in the mouse could cause cleft palate, it might also do so in
human fetuses. However, it was shown that the palate closes before the
stage at which the procedure is carried out in humans. PND seemed to
become a logical extension of the existing services in Vancouver.'®

In the early days, of necessity, a process of education and organization
was required. In the beginning, for example, obstetricians would do
amniocentesis, sometimes in their own offices, and then send the fluid to
the cytogenetics laboratory without warning. One geneticist’s first exposure
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to PND occurred when she was developing the techniques for growing cells
in culture and examining their chromosomes — a woman arrived at her
laboratory door with a test tube of amniotic fluid, still warm, for genetic
analysis.'”

Many physicians were not clear as to what conditions could be
diagnosed by the study of the chromosomes. Samples were sent
(inappropriately) for diagnosis of single-gene disorders such as
achondroplasia (a type of dwarfism) and haemophilia (a bleeding disease)
or simply for “genetic testing.” The genetics centres had to decline to do
tests without prior consultation. Fairly rapidly the present system evolved,
in which amniocentesis is done by a limited number of physicians, at
centres that must perform at least 50 procedures a year in order to be
approved, and with the provision that women having the procedure are
counselled beforehand.

Neither equipment manufacturers nor pharmaceutical houses seemed
to have much opportunity to bring pressures to bear. The exception was
the attempt to make AFP testing kits available for use in doctors’ offices.
U.S. professionals and the Canadian government, acting on professional
advice, negated this effort.

The rapid evolution of PND and other genetic services has raised many
questions that concern professionals, the public, and prospective users of
these services. For example, concerns have been expressed over whether
the use of PND at progressively earlier gestational stages will lead to
referrals for progressively less severe conditions. Many concerns have been
raised about the impact of PND on women and people with disabilities. Are
women undergoing PND free of pressures to do so? Will the concept of
screening for fetal abnormalities adversely affect society’s attitudes toward
people with disabilities? These concerns, among many others, are
examples of what happens when technology evolves so rapidly that it
outpaces the ability to grapple with its consequences. Most important,
these concerns highlight the need for further study, debate, and a
mechanism for public input into the regulation of PND services.

Conclusions

o PND has seen remarkable growth over a short period of time. Rapid
advances are due at least in part to the rapid conversion of scientific
discoveries into applicable technologies, and the transfer of existing
technology to specific uses in PND. Many of the scientific discoveries
that made PND possible were made by scientists who were working on
something else. The drive to develop services came from the
synergism between the perceived need and the available techniques.

e  Although prenatal sampling techniques (such as amniocentesis, CVS,
and fetoscopy) and the analytical techniques (such as cell culture,
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assays, DNA technology) are linked procedurally, they have evolved in
different ways. The sampling and imaging techniques have evolved
gradually as the result of stepwise modifications from previous
techniques. In contrast, the analytical techniques have evolved in a
punctuated progression. Their present success and widespread
application can be traced to a number of important advances in
laboratory technology and molecular biology.

CVS was first developed in the late 1960s, at about the same time
amniocentesis was gaining popularity in centres throughout the world
as a PND procedure. CVS was developed to provide earlier diagnosis
than was possible with other procedures (i.e., during the first
trimester). Technical difficulties plagued early work, and no major
efforts were made to further development until the early 1980s. Since
that time CVS has been the subject of many studies, most of which
conclude that the risks associated with CVS are slightly greater than
those associated with amniocentesis, but there are advantages,
particularly those related to its application earlier in pregnancy and
the more rapid return of diagnostic results.

Fetoscopy was first used to visualize the fetus in utero. Later it was
used to sample fetal blood to diagnose genetic blood disorders (e.g.,
SCA, thalassemia). Because of the comparatively high frequency of
complications and adverse reactions, fetoscopy never became widely
used. To a great extent it has been replaced by ultrasound (for
visualization of the fetus), and by amniocentesis and CVS (when PND
of a particular haemoglobinopathy is required).

The association of abnormal levels of AFP in the amniotic fluid with a
variety of congenital anomalies was first made in the early 1970s.
Soon afterward, it was recognized that AFP may also be elevated in
maternal serum when the fetus has a neural tube defect. This
discovery has led to the measurement of MSAFP as a safe, relatively
cheap, and easily performed method of screening for neural tube
defects, notwithstanding an appreciable number of false diagnoses
that require further investigation for clarification. AFAFP testing
combined with ultrasound screening offers very accurate diagnosis of
the presence of neural tube defects (98 percent).

Ultrasonography had its origins far from the field of medicine. It was
developed for anti-submarine warfare during the First World War, and
later applied to medicine and obstetrics. Since the 1950s there has
been an exponential increase in the use of ultrasonography so that it
is now a common part of obstetric care. It has played an important
role in improving the success, accuracy, and safety of other PND
techniques, including amniocentesis, CVS, and fetal blood sampling.

The safety of ultrasound has been questioned. Although there is little
evidence of adverse effects of ultrasound in patients, their offspring,
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or equipment operators, many statements and commentaries
emphasize concerns for safety. Some people conclude that
ultrasonography may not be totally innocuous, and that its effects, if
they occur, may be subtle and delayed in expression. Most, however,
conclude that the evidence available is reassuring and that dosages
used for diagnosis are safe. A recent exhaustive review of human
epidemiology, secular trends, and animal studies led to the conclusion
that ultrasonography, as used in PND, presents no measurable risk.

o The possibility of applying MRI to prenatal diagnosis of fetal anomalies
and other birth defects was realized in the early 1980s. MRI has a
number of advantages over ultrasonography, in particular its ability
to define soft tissues of both the mother and the fetus, which can be
useful when diagnosing specific congenital defects. MRI is currently
expensive and not widely available, and its safety has yet to be
definitively established. It is unlikely that it will ever replace
ultrasound, which has established value and broad applications in the
field of PND.

o Preimplantation diagnosis is a new technique still in the experimental
stage. It may hold some promise in the diagnosis of single-gene
diseases in certain (rare) circumstances, but it must rely on the costly
and stressful methods of IVF.

o The risks and complications associated with the major techniques
(e.g., amniocentesis, CVS, and fetoscopy) were not well documented
during their early development, because the women whose fetuses
were diagnosed were having their pregnancies terminated for
non-medical reasons. As confidence with the procedures grew,
investigators were able to conduct clinical trials to assess the efficacy
of the techniques, the safety of the procedures, and effects on both the
mother and fetus. As the list of indications for PND grew, their use
became more widespread; large-scale studies (retrospective and
prospective) were carried out to assess the procedures and quantify
risks and complications. Many observers report a learning curve as
equipment improved and experience was gained.

o Canadian researchers have played important roles in the development
of PND services. With the support of the MRC, investigators have
conducted large-scale collaborative studies to determine the safety and
efficacy of amniocentesis and CVS. These studies are widely cited,
and are considered to be important contributions to the establishment
of standards for clinical use of these techniques.

o Indications for the use of the various PND techniques grew as
analytical techniques improved and as the cytogenetic, molecular, and
biochemical bases of genetic diseases were identified.

e The first Canadian guidelines for PND were published in 1974 by the
CPS, the SOGC, and the GSC. A more comprehensive set of guidelines
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was published by the CCMG, the SOGC, and the CPS in 1983. More
recently, the CCMG and the SOGC have prepared an update of these
guidelines in response to advances in the fields of PND and genetic
research. The CCMG has published professional and ethical
guidelines for the practice of medical genetics that explicitly state the
responsibilities of the geneticist to patients, society, and the
profession.

¢  During the latter 1960s, when PND was being developed, reaction was
largely limited to discussions within the professional, medical, and
research communities; public reaction, if any, was small. More
recently there is wider debate over the impact of PND on society,
women in particular, and even the gene pool. One reason for the lack
of debate during the early years may have been the absence of
organized special interest groups that could respond to technological
developments in the field. Much of the debate over PND in Canada is
led by women'’s interest groups, groups representing disabled people,
and the pro-choice and pro-life movements. Today these groups have
significant political power, and they are regarded as major players in
the debate. In the early days, science and medicine did not always
receive the same close attention from the media that they do now.
Consequently, reports about breakthroughs in medicine, including
PND, were relatively few, effectively limiting public debate. The
technologies were considered experimental, and published references
to either the methods or their impact were not widely accessible.

¢  Recent public debate and court challenges, known as wrongful birth
and wrongful life suits, have focussed attention on the definition of
rights and responsibilities of patients, hospitals, and physicians.

¢  Asthe public becomes more and more involved in the debate over new
reproductive technologies, PND in particular, professionals are being
called upon to explain their role in modern medicine and to justify the
development of controversial technologies. Increasingly, scientists and
health care professionals have to pay close attention not only to
professional interests but also to their societal responsibilities. These
challenges help to promulgate informed and expert information and
opinion on complex and challenging issues.
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Executive Summary

In its three decades of development, prenatal diagnosis (PND) has
shown remarkable growth in numbers of available techniques, their
sophistication, and their public acceptance. Amniocentesis is a well-
established, invasive technique, available during the second trimester.
Ultrasound scanning is routinely offered to pregnant women in many
parts of the country.

Because many techniques currently under consideration are
invasive procedures, with associated risks, a review of the safety of these
techniques is appropriate. The invasive techniques include amnio-
centesis, chorionic villus sampling (CVS), fetoscopy, and embryoscopy.
In addition, non-invasive techniques, such as ultrasound scanning,
must be subject to stringent review ensuring that levels of exposure are
well within the safety limits.

Considerable research, ranging from case studies and smaller
projects to large multicentre cooperative efforts, has been reported.
Differences in findings reflect variation in administration of the
technologies as well as improvements that have occurred with experience
and development. In general, safety is best assessed by large
randomized studies that also include assessment of the normative data

This paper was completed for the Royal Commission on New Reproductive Technologies in
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indicating the rate of similar problems when no technological
assessments are involved.

In the present review, complications were found to be of three types
— procedural complications (including direct results such as bleeding),
which may affect fetal growth or maternal well-being; uncertainties
(related to the particular technology and abilities to predict); and human
erTor.

Amniocentesis, still the most commonly used invasive PND
procedure, is virtually without maternal risk, though some complications
may be observed. Fetal injuries are rare, and fetal loss as a result of the
procedure is in the order of 1 in 250. Magnetic resonance imaging is a
non-invasive technique now under consideration that may in future be
complementary to ultrasonography. Early amniocentesis is being
considered as an alternative to CVS because of problems associated with
CVS as the current major early diagnostic technique. Newer techniques,
such as embryoscopy, are also being tested.

Introduction

Prenatal diagnosis (PND) has seen remarkable growth since its
beginnings only three decades ago. Its growth can be measured in terms
of both the number of techniques available and their organized and
widespread use in Canada and throughout the world.

Many of the techniques currently being used in clinical practice are
invasive procedures and, consequently, are associated with complications
and measurable risks to both the mother and fetus. Others, such as
ultrasound, are non-invasive but data on their safety as used in practice
should be reviewed.

Many questions and concerns about the safety, accuracy, and efficacy
of these technologies have been raised. These questions come not only
from people who seek PND, but also from people who have concerns over
the wider implications of the technology. .

As with all other medical tests and procedures, individuals who
consent to PND do so with the understanding that in order to gain some
benefit, they must accept a certain amount of risk. In fact, the explanation
and discussion of risks and benefits of PND are a central aim of
counselling.

The complications and risks of the procedures can be of three types:
procedural complications that are a direct result of the technique and that
can pose risks to the mother and fetus; uncertainties arising from the fact
that diagnosis must sometimes be stated in terms of probabilities rather
than certainties; and complications resulting from human error in
laboratory analysis and interpretation.

In the early days of PND, experimental and clinical trials emphasized
development and practice of techniques. Later, as techniques were
perfected, the focus of much research shifted to the risks and
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complications. Today, there is consideration of both the techniques and
risks of each procedure.

Much of the most recent and reliable information regarding the risks
of PND comes from large randomized studies, which typically span a
number of years and collect data from many centres. One such study,
recently published by the Canadian Collaborative CVS-Amniocentesis
Clinical Trial Group (1989), was one of the first to quantify, prospectively,
the risks associated with chorionic villus sampling (CVS) relative to those
associated with amniocentesis. Since that publication, similar studies have
been carried out in other countries (Rhoads et al. 1989; Medical Research
Council 1991). Case reports and small studies are also important in any
assessment of risk, because they reflect the day-to-day experience of
diagnostic centres and variations in quality of service.

Risk Assessment

The assessment of risks is a complex exercise that aims to (1) identify
the possible outcomes of a particular medical procedure, both good and
bad; (2) estimate the magnitude of adverse consequences; and (3) estimate
the probability that these adverse outcomes will occur. More recently, risk
assessment has come to include an evaluation of how individuals perceive
and act on risk information (O’'Brien 1989).

Any assessment of the risks of PND procedures includes study of both
tangible and intangible risks and complications. Tangible risks include
fetal loss or damage and maternal complications such as infection and
bleeding. These are relatively easy to quantify by collecting data through
retrospective or prospective studies. Intangible risks, such as the
experience of claustrophobia during magnetic resonance imaging (MRI) or
the anxiety that couples face as they await a diagnosis following a test, are
more difficult to define and measure, but are an important factor in the
overall assessment of risk and safety of prenatal diagnostic techniques.

Amniocentesis

Amniocentesis is the most commonly used invasive PND procedure.
It is used to obtain amniotic fluid and fetal cells for the detection of
biochemical and metabolic disorders, molecular genetic disease, and major
malformations (Wilson 1991) in women at identified higher risk.

Amniocentesis for genetic purposes is usually performed by an
obstetrician skilled in the technique and with ultrasound guidance. Under
continuous ultrasound guidance and strict aseptic conditions, a spinal
needle is introduced through the abdomen into the uterus and amniotic
sac. An adequate sample is obtained on a first attempt in more than 99
percent of cases. A second attempt is made if no fluid is obtained in a first
tap or if a tap is bloody, but multiple needle insertion is extremely rare and
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not recommended because of its association with higher rates of fetal loss
(Andreasen and Kristoffersen 1989).

Fetal cells are separated from the amniotic fluid, cultured in the
laboratory, and analyzed. The concentrations of various hormones and
enzymes contained in the fluid can also be measured, the most notable of
which are alpha-fetoprotein and acetylcholinesterase. Elevated concen-
trations of these proteins are a strong indication that a pregnancy may be
affected with a neural tube defect or other malformation.

Safety

Since its introduction in the early 1970s, the safety of second-
trimester amniocentesis has been studied extensively. During the 1970s,
three major studies conducted in the United States (National Institute of
Child Health and Human Development 1976), Canada (Simpson et al.
1976), and Great Britain (Medical Research Council 1978) reported on the
safety of amniocentesis. There have been numerous reports since their
publication, but few contribute more understanding than these studies,
which remain the definitive studies of mid-trimester amniocentesis.

Maternal Risks

Infections have occasionally been reported and, at worst, can lead to
fetal loss; however, they generally do not affect the mother significantly.
Life-threatening maternal risks due to amniocentesis are virtually non-
existent. Minor maternal problems are less rare. Approximately 3 percent
of women undergoing amniocentesis experience leakage of amniotic fluid,
transient vaginal spotting, and uterine contractions (cramping). Only
persistent amniotic fluid leakage can lead to pregnancy loss, but this is rare
and difficult to measure (Wilson 1991).

Fetal Risks

The major risk of amniocentesis is fetal loss. On average, the risk of
fetal loss as the result of the procedure is in the order of 1 in 250. At
approximately 17 weeks, the spontaneous abortion rate is about 2 percent,
and estimates of the procedural loss rate may range from 0.2 percent to 0.5
percent above this (Medical Research Council 1978; Wilson 1990). Other
fetal risks include needle puncture, umbilical cord hematoma, placental
separation, chorioamnionitis, premature labour, and amniotic band
syndrome (Broome et al. 1976; Karp and Hayden 1977; Isenberg and
Heckenlively 1985; Moessinger et al. 1981). These events are extremely
rare, and recent reports indicate that they are virtually non-existent now
that techniques have been improved and ultrasound guidance is used.

Only a few studies have dealt with the risk of fetal loss resulting from
placental perforation (which is revealed by a blood-stained sample of
amniotic fluid) since this occurs only rarely. Abortion may occur as the
result of a subplacental hematoma caused by puncture of the placenta by
the needle. A placenta covering the whole anterior wall (so that perforation
of the placenta could not be avoided) and more than one needle insertion
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were associated with a fourfold to fivefold increase in spontaneous
abortions (Andreasen and Kristoffersen 1989). Such findings reinforce the
recommendation that the needle must be inserted with ultrasound
guidance to avoid piercing the placenta.

Diagnostic Complications

In addition to the maternal and fetal risks, a variety of things can go
wrong after a successful sample of amniotic fluid is taken. These include
(1) human and clerical errors, (2) laboratory and analytic errors, and (3)
misinterpretation of laboratory results. Any one of these problems can have
significant consequences because of the effect on parents’ decisions
regarding pregnancy termination. In cases for which a test must be
repeated, mother and fetus are subjected to procedural and other risks
once again.

Many of those laboratory errors involving mix-ups and misdiagnoses
occur at the beginning of the testing procedure, when a sample may be
incorrectly labelled or the paperwork may be separated from the sample or
culture. These occurrences are rare, however, and can be eliminated with
careful handling and checking procedures. The practice of setting up
multiple cultures is common, if not mandatory, in most centres, which
reduces the chance of mix-up, in addition to providing backup in cases of
culture failure.

Methods used to analyze amniotic fluid have greatly improved over the
last 15 years, reducing the likelihood of culture loss to a minimum. One
centre, for instance, reports an overall success rate in obtaining a diagnosis
of 99.5 percent, with a repeat amniocentesis required in 1.9 percent of
cases (Benn et al. 1985).

Early Amniocentesis

Medical and laboratory problems associated with the alternative, CVS,
and the lack of diagnostic options between the 12th and 15th weeks of
gestation have encouraged development of early amniocentesis (Aymé 1990;
Neilson and Gosden 1991; Nevin et al. 1990; Penso et al. 1990). Despite its
advantages, diagnosis using early amniocentesis, which can require a wait
for results of more than four weeks, does not permit cytogenetic and
biochemical studies to be performed as quickly as they can be done after
CVS, though the results are more reliable. Furthermore, CVS provides
more fetal material for the performance of biochemical and molecular
testing.

Several recent studies, however, address concerns about the risks and
complications of early amniocentesis compared to those of traditional
second-trimester amniocentesis or CVS. Early amniocentesis is associated
with slightly higher rates of fetal loss and amniotic fluid leakage than
second-trimester amniocentesis (Elejalde et al. 1990), but the differences
in risks are not significant (Choo 1991), and the risks are lower than those
associated with CVS (Elejalde and Elejalde 1988; Godmilow et al. 1988;
Hanson et al. 1987; Nevin et al. 1990).
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One study, involving 222 samples taken between 11 and 14 weeks of
gestation at two Belfast hospitals that have been performing early
amniocentesis routinely since 1987, reported a 1.4 percent spontaneous
abortion rate (Nevin et al. 1990). A larger study from Boston, of 407 cases,
reported a 2.3 percent rate of post-procedural fetal loss, a 5.4 percent rate
of maternal bleeding, 2.6 percent leakage of amniotic fluid, 1.8 percent
cramping, and 0.3 percent uterine infection (Penso et al. 1990).

There is concern over the possibility that removal of amniotic fluid at
less than 14 weeks of gestation might cause congenital respiratory or
orthopaedic complications. Not only does early amniocentesis take place
at an early phase of fetal growth, but the proportion of amniotic fluid
withdrawn is greater than for mid-trimester amniocentesis, with a
possibility of a pressure drop in the amniotic cavity after the puncture
(Choo 1991). The Belfast study compared the pregnancy outcomes of 85
women who had had early amniocentesis (at or before 13 weeks) and 86
who had had mid-trimester amniocentesis (at or after 16 weeks), with no
increased incidence in these complications reported among children
exposed to early amniocentesis (Magee et al. 1991). The Boston group
reported a 6.1 percent frequency of pulmonary complications that did not
appear to be related to either post-procedural leakage or bleeding; however,
the study did reveal a 1.4 percent incidence of orthopaedic deformities
thought to be associated with post-procedural amniotic fluid loss (Penso et
al. 1990).

Although early amniocentesis requires a cell culture and a waiting
period before results are available, it is performed early enough to
compensate for the needed laboratory time while remaining within the
- 14-week limit for an elective pregnancy termination if that option is chosen.
Some researchers believe that if its safety can be shown, early
amniocentesis may remove the need for CVS (Neilson and Gosden 1991).
Further evaluation, by means of a large multicentre randomized controlled
trial, is needed to compare first-trimester amniocentesis and CVS with
mid-trimester amniocentesis (Evans et al. 1988; Neilson and Gosden 1991;
Rooney et al. 1989).

Cvs

CVS, performed between 8 and 11 weeks of gestation, involves taking
a small biopsy of the chorionic tissue (which is fetal in origin) and
examining it to detect disorders at the chromosomal, metabolic, or DNA
(deoxyribonucleic acid) level. The earlier diagnosis that it provides,
compared to mid-trimester amniocentesis, is one of its advantages and is
part of the reason CVS has become an increasingly popular method of PND.
(It has been available for about 15 years, but has been used in Canada for
only about five years on a limited basis.) CVS may be done by a
transcervical or transabdominal approach; the latter is becoming the more
commonly used method.
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Because cells extracted using CVS are actively dividing, they can be
examined immediately after sampling, without the need to culture, which
can take between two and four weeks to complete (as is the case with
amniocentesis). The diagnostic capabilities of CVS are similar to those of
amniocentesis. It permits prenatal diagnosis of the same genetic disorders
and abnormalities, with the exception of neural tube defects. It is believed
that early diagnosis provided by CVS reduces the psychological stress
experienced by the mother (Tunis et al. 1990), especially if she elects to
terminate her pregnancy based on test results.

Safety

The safety of CVS has undergone closer scrutiny than that of other
techniques, because its more recent development has coincided with
increased awareness of implications for women of the new reproductive
technologies. Also, because amniocentesis was established as the foremost
PND technique, many investigators felt that the safety of any newer
technique should at least approximate the safety of amniocentesis. Many
centres refrained from widespread offering of CVS until its safety was
rigorously assessed by a number of large randomized studies.

As with other invasive procedures, CVS has risks associated with its
use; some difficulties pertaining to accurate diagnosis are associated with
the analysis of tissue and the interpretation of laboratory results. To date,
however, four large prospective studies from Canada (Canadian
Collaborative CVS-Amniocentesis Clinical Trial Group 1989), the United
States (Rhoads et al. 1989), Britain (Medical Research Council 1991), and
Denmark (Smidt-Jensen et al. 1992) have reported on the benefits and
safety of CVS compared to amniocentesis, reporting very similar findings
among thousands of pregnancies with regard to fetal risks, maternal
complications, and diagnostic accuracy. In addition, many case studies
that yield a wide range of results have been documented, but many of these
are fraught with methodological problems that prevent any credible and
useful interpretation of data.

Maternal Risks

Maternal risks and complications associated with transcervical CVS
include vaginal bleeding, intrauterine cramping, and infection. One author
reports that mild to moderate bleeding occurs in 10 percent to 20 percent
of transcervical cases (Wilson 1990). Although no fetal losses have been
directly correlated with post-procedural bleeding, some reports suggest that
losses may be linked to maternal bleeding. Transabdominal CVS is
associated with a lower rate of bleeding (4.7 percent) than the transcervical
approach (8.6 percent) (Smidt-Jensen et al. 1992).

Cramping is common in many cases, particularly with the use of a
tenaculum, a pinching device used to support and manipulate the cervix
during transcervical introduction of the sampling instruments. Many
operators avoid the use of this instrument, though no relationship between
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cramping and malformations has been found (Silverman and Wapner
1990).

Multiple transcervical insertions increase the risk of intrauterine
infection, but serious maternal infections occur in very few cases (0.2-0.3
percent) (Brambati et al. 1987a, 1990; Elejalde et al. 1990). The main
advantage of transabdominal CVS is its lower risk of maternal
complications and infection (Bovicelli et al. 1988) and of fetal loss
(Smidt-Jensen et al. 1992).

Fetal Risks

The major risk of CVS is miscarriage. Otherwise considered a
relatively safe method of PND, CVS has a 4 percent average rate of
procedure-related miscarriage (the range is 0.6 percent to 5.1 percent)
(Bovicelli et al. 1988; Brambati et al. 1987c; Crane et al. 1988; Green et al.
1988; Hogge et al. 1986; Hunter et al. 1986; Jahoda et al. 1989; Ledbetter
et al. 1990; Lilford et al. 1987; Rhoads et al. 1989; Silverman and Wapner
1990; WHO Consultation 1986; Zwinger 1988).

Factors contributing to fetal loss after CVS are bacterial colonization
of the cervix and fetal membranes, mid-position or retroverted uterus, pre-
procedural vaginal bleeding, and a previous spontaneous abortion. It also
depends on the quality of the ultrasound guidance, the experience of the
obstetrician or team performing the procedure, the technique used, and the
number of catheter insertions (Green et al. 1988; Hunter et al. 1986; Keene
and Saller 1989; Wade and Young 1989; Ward et al. 1988).

Transcervical CVS carries a higher risk of fetal loss than does the
transabdominal approach (Hammarstrom and Marsk 1990; Wade and
Young 1989), though not significantly so in some studies (Brambati et al.
1990; O'Brien 1991). In the Danish study (Smidt-Jensen et al. 1992) the
rate of unintentional loss was 7.7 percent for transcervical and 3.7 percent
for transabdominal CVS. Most reports cite that in 95 percent of cases
sufficient villi are obtained with a single transcervical insertion (Brambati
et al. 1990), but in cases that require more than one sampling attempt, the
risk of fetal loss increases with each additional instrument insertion
(Brambati et al. 1990; Muggah et al. 1987).

No difference has been found between CVS and amniocentesis for
reduced birth weight, head circumference, body length (Crane et al. 1988),
~ or frequency of intrauterine growth retardation (Canadian Collaborative
CVS-Amniocentesis Clinical Trial Group 1989; Rhoads et al. 1989). CVS
does not stimulate movements of the fetus or alter the intrauterine
environment in a way that compromises normal fetal movement (Boogert
et al. 1987).

It is known that fetal-maternal transfusion can occur after CVS,
particularly after multiple catheter insertions, resulting in a rise in
maternal serum alpha-fetoprotein (AFP) after the procedure. The potential
risk is that maternal serum AFP values may be artificially raised without
the presence of any abnormality. Such a false positive result, however,
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would presumably be corrected with further testing. Recent evidence
suggests that the rise is transient and would not confound the results of
maternal serum AFP screening for neural tube defects in the second
trimester (O'Brien 1991; Shulman et al. 1990).

There is very little information regarding post-natal problems that may
be associated with CVS, but recently there have been reports suggesting a
link between its early use (between 56 and 66 days of gestation) and
congenital limb deformities (Firth et al. 1991). These reports caused
considerable concern, and many centres retrospectively examined their
outcome data to see if they differed significantly from the normal
expectation. Data from most centres did not show an increase in limb
deformities; of the centres that did report an increase, the frequencies of
the limb abnormalities, even though elevated above the norm, were low in
absolute terms, ranging from 0.01 percent to 2.5 percent (Boyd et al. 1990;
Christiaens et al. 1989; Firth et al. 1991; Hsieh et al. 1991; Jackson et al.
1991; Mahoney 1991; Mastroiacovo and Cavalcanti 1991; Miny et al. 1991;
Monni et al. 1991; Planteydt et al. 1986). The possibility of selection bias
must, therefore, be considered. A recent conference to review the problem
recommended that CVS should not be done before 9 1/2 weeks’ gestation,
and that CVS at 10 weeks or more is extremely unlikely to cause
developmental abnormalities and should be available to patients requesting
PND (Rodeck 1993).

Diagnostic Complications

The early embryo has an inner cell mass that becomes the embryo
proper, and an outer surrounding layer that contributes to the chorion.
The chorion consists of two tissues, the cytotrophoblast and the
mesodermal core. The cytotrophoblast cells, which are dividing rapidly, are
the ones examined directly, whereas the mesodermal cells are examined
after being cultured. If results show mosaicism, two or more
chromosomally different cell lines, amniocentesis is sometimes done for
clarification (O’'Brien 1991). Whereas true mosaicism is a rare
phenomenon, occurring in approximately 1 in 1 000 pregnancies, CVS
detects many more cases (up to 5 percent of cases). About three-quarters
of the cases of mosaicism found by CVS are proven to have normal
karyotypes in follow-up tests (either amniocentesis or fetal blood sampling).
These require another three to four weeks’ wait, meaning that a diagnosis
may not be made until well into the second trimester (Canadian
Collaborative CVS-Amniocentesis Clinical Trial Group 1989; Gosden 1991;
Rhoads et al. 1989; Shulman et al. 1990; Silverman and Wapner 1990).

False negative results are relatively rare, in the order of 1 in 1 000.
These can occur as the result of a discrepancy between fetal and placental
karyotypes, where the fetus is abnormal and the placenta is normal
(Gosden 1991). The accidental contamination of CVS tissue with maternal
cells (and hence a different karyotype) is another possible source of error
in the cytogenetic analysis using CVS that may occur in about 4 percent to
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18 percent of cases (O’'Brien 1991), and will require further testing. Almost
all of these occur in cultured, rather than direct, preparations (Gosden
1991).

To reduce the risk of false or ambiguous diagnosis, many centres wait
for results from the analysis of cultured cells, which can take up to four
weeks. Because waiting reduces the practical advantage of CVS, some
centres are phasing it out for cytogenetic indications, concentrating instead
on the potential of early amniocentesis. To provide results within the first
trimester, and without delay, adjunct tests that offer definitive and rapid
confirmation of karyotypes are required. A number of possibilities are
currently being explored, including the use of DNA probes to assist with
cytogenetic work (Silverman and Wapner 1990).

Ultrasound Scanning

The development of ultrasonography during the last 40 years has
revolutionized diagnostic medicine and, in particular, obstetrics. It is now
a routinely offered part of obstetric care, and at least 80 percent of all
pregnant women have diagnostic ultrasound scanning in much of the
Western world (Canada, Health and Welfare Canada 1989; Salvesen et al.
1992).

At present, three modes of ultrasound scanning are used for prenatal
screening, monitoring, and diagnosis: traditional transabdominal and
transvaginal, which employ continuous wave energy, and Doppler
ultrasonography, which uses both continuous and pulsed wave energy.
Each of these is a variation of the same technology that uses high-
frequency sound waves, yet each has unique advantages. But
transabdominal is, and will likely remain, the most popular mode.

Diagnostic ultrasonography may be used to detect and assess
developmental abnormalities, multiple pregnancies, fetal size and
gestational age, and placental position, and to determine fetal sex. It is
easy to use, inexpensive, and, most important, non-invasive, using
invisible energy to visualize the fetus in utero. Another attractive feature
is its apparent safety. Reports of the safety of ultrasound are numerous
(U.S. National Institutes of Health 1984) and show no confirmed deleterious
effects from low-intensity diagnostic ultrasound. Over 50 million pregnant
women have had diagnostic ultrasound, but there is no epidemiological
evidence of increased fetal death, abnormality, or intrauterine growth
retardation. Many studies have sought to study the bioeffects of ultrasonic
energy and ultrasound technology, and while it is not possible to prove the
safety of diagnostic ultrasound, few of the very many studies done have
identified any measurable bioeffects at diagnostic levels. Although the great
majority of proponents of diagnostic ultrasonography judge that it is
completely safe, it is important to note that safety has only been shown at
certain levels of exposure. Critics question the quality of some studies, and
note that, because there is no single exposure parameter that can be used
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to measure all possible bioeffects, it is difficult to compare the many studies
that have been published-and draw credible conclusions from them (British
Institute of Radiology Working Group 1987). Despite such questions about
its safety, the numbers of pregnant women who request ultrasound and the
numbers of physicians who recommend or perform it continue to grow.

The literature on ultrasound exposure and its safety is voluminous,
including a range from epidemiologic studies (Lyons 1986; Mukubo 1986)
to in vitro tissue experiments and animal studies (Miller 1985; Williams
1986; Maeda 1986). In 1984, a report published by the U.S. National
Institutes of Health (NIH) concluded that there was no convincing evidence
of any adverse effects, such as fetal complications or genetic abnormalities,
of diagnostic ultrasound exposure. However, the NIH also warned of the
possibility that as yet undetected effects may occur, and concluded that
further study was needed. A more recent review (Brent et al. 1991)
concludes from human epidemiological studies, animal studies, and secular
trend data that ultrasonography as usually used in PND presents no
measurable risk. Nevertheless, standards and guidelines to ensure higher
levels of ultrasound are not inadvertently given are required.

Bioeffects

Experiments in which animals are intentionally overexposed to high
levels of ultrasound energy provide convincing evidence that ultrasound
scanning could produce fetal growth retardation and congenital
malformations. But this kind of exposure does not reflect normal human
diagnostic exposures, and extrapolating conclusions from in vitro animal
studies and even in vitro primate studies to humans is difficult at best
(Sikov 1986).

Cavitation

Ultrasound exposure in a sufficient dose has been shown to cause
gaseous bubbles in tissues. Tissues fluctuate in size, and movement
causes heat generation, which may in turn cause cytoplasmic
microstreaming, macromolecular fragmentation, and platelet agglutination.
These bubbles may also increase in size and implode, releasing
concentrated heat and pressure, and inducing cavitation (i.e., formation of
cavities). This is particularly associated with high intensities and is not a
problem with high-frequency, low-intensity exposures. Since the latter
types of exposure are used in diagnostic ultrasound, cavitation is unlikely
to be an adverse bioeffect of its use (British Institute of Radiology Working
Group 1987; Carstensen 1986; Williams 1986).

Hyperthermia

Hyperthermia has been described as the predominant risk associated
with ultrasound exposure. Many studies have shown that hyperthermia
can have teratogenic effects (i.e., may produce anomalies). Studies
pertaining to ultrasound have focussed on two areas, the effects of localized
heating in fetal tissues and the duration of exposure. Many researchers
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conclude that even if localized temperatures were permitted to rise to 39°C
in fetal tissues, exposure would not present any measurable risk. Effects
below 39°C are non-existent or so small as to be unmeasurable (Angles et
al. 1990; Miller and Ziskin 1989).

Genetic Bioeffects

Many studies have examined the possibility that ultrasonic energy as
used in diagnostic ultrasonography can affect the nuclei of fetal cells and
induce subtle chromosomal or genetic rearrangements, including sister
chromatid exchanges and point mutations. In vitro mammalian cell studies
using very high levels of ultrasound have produced a significant increase
in mutation frequency, but it is difficult to relate these findings to human
diagnostic exposure, because of the extraordinarily high intensities used.
One study, for instance, used intensities that were approximately 1 000
times greater than those used for diagnostic purposes. The evidence thus
far strongly suggests that diagnostic ultrasound scanning has little, if any,
potential to cause chromosomal rearrangements or point mutations (British
Institute of Radiology Working Group 1987; Doida et al. 1990).

The increased use of Doppler ultrasonography to study fetal
circulation has provided new information about prenatal physiology and
pathophysiology. Because Doppler ultrasound scanning involves high-
pulse repetition frequencies and intensities, there have been concerns over
its safety, but as yet no substantial studies have reported on its possible
risks. However, considering that the real increase in intensity is not
significantly higher than that of continuous wave ultrasound and
dramatically less than that known to induce genetic and other bioeffects,
Doppler ultrasonography is probably as safe as traditional ultrasound
(Miller 1985).

After a comprehensive examination of the literature on ultrasound,
Brent et al. (1991) conclude that much of the literature on diagnostic
ultrasound scanning tends to be inconsistent, methodologically unsound,
and in many cases not applicable to human exposure concerns. Because
there is evidence that greatly elevated intensities of ultrasound can induce
physical and physiological damage to human tissue, they recommended
that ultrasound equipment for diagnostic and obstetric use be
manufactured with controls to prevent any purposeful or accidental high-
intensity scanning (at present, no such controls exist). However, this study
by Brent and associates confirmed the general belief that diagnostic
ultrasound scanning, with reasonable technological and clinical
restrictions, is safe.

Fetoscopy and Embryoscopy

In the 1970s and early 1980s, fetoscopy was used in the second
trimester for direct viewing of the fetal surface through an endoscope, and
to sample fetal blood through the umbilical cord. Its use was limited,
however, because the risk of inducing an abortion was high (around 5
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percent). The development of high-resolution ultrasound imaging has made
fetoscopy obsolete, and it is no longer used in the second trimester
(Pennehouat et al. 1992). There are, however, preliminary reports of its use
in the first trimester, where it is referred to as embryoscopy.

Embryoscopy involves a rigid endoscope, inserted through the cervix
and chorion into the extra-amniotic space, or transabdominally into the
amniotic cavity. Insertion into the cavity is guided by ultrasound imaging,
and the embryo can be visualized directly through the endoscope, or with
a video camera and monitor. Embryoscopy could be used for the early
diagnosis of major morphological defects of the head, neck, torso, and limbs
at a time.in gestation when ultrasound scanning has limited use
(Pennehouat et al. 1992). First-trimester diagnosis of genetic diseases by
organ tissue retrieval and blood sampling may also be feasible (Reece et al.
1991).

Because the technology is relatively new; there are no data on its
safety. From the few reports that are available, it is impossible to evaluate
the risks of embryoscopy. The most significant risk is thought to be
rupture of the amnion by the endoscope. However, because the chorion
and amnion do not fuse until the eleventh week of gestation and because
embryoscopy will be performed before then, it is thought that there is a
greater chance of amnion injury occurring during invasive, mid-trimester
techniques, namely fetoscopy, CVS, and amniocentesis (Reece et al. 1991).

Whether or not the risks of an invasive technique such as
embryoscopy are worth the early diagnosis it provides will continue to be
debated. Recent developments in PND favour minimal or non-invasive
techniques, and the future use of embryoscopy will depend ultimately on
how its risks compare with those of other techniques. At present it should
be regarded as a research procedure. It is not currently being done in
Canada.

Magnetic Resonance Imaging

Ultrasound scanning and MRI are both non-invasive procedures,
capable of providing good tissue definition, and relatively safe. One major
difference is that MRI is very expensive and not widely available (Mattison
and Angtuaco 1988).

Although ultrasonography is likely to remain the foremost imaging
technique for obstetrics, recent advances in MRI have cleared the way for
its use. At present, it is considered to have the potential for a role
complementary to that of ultrasonography, in that an ambiguous
ultrasound finding could be clarified (Mattison and Angtuaco 1988).

Until recently, long exposure times limited the application of MRI in
obstetrics because fetal movement produced imaging artifacts. Although
this could be overcome by administering a sedative to the fetus, physicians
were reluctant to do this in an otherwise non-invasive technique. Now,
fast-scan MRI requires only a few seconds’ exposure, which reduces the
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time during which the fetus could move. This development still does not
permit real-time imaging, and the equipment is not portable (Garden et al.
1991).

Safety

The safety of MRI has been studied by using bacteria cell cultures, in
vivo animal studies, in vitro animal studies, and retrospective clinical
follow-up studies of patients. These studies have failed to detect any
measurable adverse effects of MRI at levels used for diagnostic purposes,
but the potential biological effects on the fetus have not yet been
sufficiently examined to justify a recommendation of its routine use (Dinh
et al. 1990).

One large study examined three areas of potential hazards: (1) the
effects of a static magnetic field; (2) the effects of a time-varying magnetic
field, which may induce electrical currents; and (3) the effects of radio
frequency magnetic fields, which may produce heat. Despite a lack of any
evidence of biomedical effects of MRI, at least one safety board has
recommended guidelines to prevent these potential hazards. One strong
guideline is to not use MRI in the first trimester (during organogenesis)
unless pregnancy is being terminated. Although more long-term studies
are required to evaluate fully the effect of MRI on the fetus, it is currently
permitted during pregnancy, but only during the second and third
trimesters, and with limited magnetic field strengths (National Radiological
Protection Board 1983).

Although MRI has never been demonstrated to cause any harm to the
fetus, or indeed to any adult patient, it is difficult to be sure it will not
cause some subtle abnormality to the fetus, as long-term follow-up studies
do not exist. Newer, echo-planar imaging shows much promise, and
experiments are currently under way to study its effects on the growth of
fetal organs and determine whether it has any association with congenital
abnormalities.

Conclusions

o Much of the most recent and reliable information regarding the risks
of prenatal diagnostic procedures comes from large randomized
studies that typically span a number of years and collect data from
many centres. Case studies are also important because they reflect
the day-to-day experience of diagnostic centres and also variations in
quality of service.

e The complications and risks of PND procedures fall into three
categories: (1) procedural complications — those that are a direct
result of the technique and that can cause harm to the mother and
fetus; (2) uncertainties arising from the fact that diagnosis must
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sometimes be stated in terms of probabilities rather than certainties;
and (3) complications resulting from human error in laboratory
analysis and interpretation.

Amniocentesis is the most commonly used invasive PND procedure in
the second trimester. Life-threatening maternal risks are virtually
non-existent. Maternal complications include leakage of amniotic
fluid, transient vaginal spotting, and uterine contractions. Fetal loss
as a result of the procedure is in the order of 1 in 250. Fetal injuries
are rare.

CVS is a common first-trimester procedure because it permits early
diagnosis and allows for an early decision regarding pregnancy
termination. Maternal complications include bleeding, cramping, and
infection. The transabdominal approach has fewer complications than
the transcervical approach. Fetal loss rates as a result of CVS are
comparable to, but slightly higher than, those associated with
amniocentesis. No study has examined long-term effects of CVS.
There may be a risk of limb defects if done before 9 1/2 weeks.

Diagnostic complications are more common in CVS than in
amniocentesis. Many of the problems with CVS stem from inability to
distinguish confined placental mosaicism from true mosaicism in the
fetus. In these cases mosaicism is confirmed with culture results or
with amniocentesis.

Early amniocentesis, which is performed before 15 weeks of gestation,
is a recent development that is gaining popularity as an alternative to
CVS. Although its safety has yet to be definitively established, a
number of reports suggest that the risks are not significantly different
from either second-trimester amniocentesis or first-trimester
transabdominal CVS.

Ultrasound examination is now a routinely offered part of obstetric
care. Many reports have sought to assess specific risks and biological
consequences of ultrasound. The evidence considered collectively
leads to the conclusion that diagnostic medical sonography at the low
intensities usually used has no measurable effect on the human fetus.

MRI is considered to have the potential for a complementary role to
that of ultrasound in being able to clarify an ambiguous ultrasound
finding. Thus far, studies on the safety of MRI fail to report any
measurable adverse effects at levels used for diagnostic purposes, but
it has not been sufficiently examined to allow routine use in
pregnancy.

Embryoscopy is a very new technique still under development. Few
data are available on risks associated with embryoscopy, which is still
a research procedure.
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o In small, independent studies, it is often difficult to differentiate
between background spontaneous abortion rates and procedure-
related abortion. Because the normative spontaneous abortion rate
changes with the time of gestation, it is difficult to compare the safety
of techniques performed at different times in pregnancy. Generally,
only large randomized prospective studies can provide reliable
information, with minimal biases, from which credible conclusions can
be drawn.
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Executive Summary

This paper addresses the question of potential post-natal effects on
offspring, both medical and psychological, of the three most prevalent
prenatal diagnostic (PND) procedures: amniocentesis, chorionic villus
sampling (CVS), and diagnostic ultrasound.

With regard to amniocentesis, studies to date indicate that this
procedure carries only a very small risk, if any, of post-natal medical or
psychological damage to offspring. However, little research is being done
in the area of longer-term neurological effects, and much of what has
been done has been judged to be insufficiently rigorous in methodology
— specifically, most studies have not been large, randomized, or
prospective. The most rigorous study on the long-term effects of
amniocentesis on offspring is still under way by Canadian researchers.
Until now, it has not revealed any obvious detrimental effects on physical
or neurobehavioural development in children up to four years of age; its
final results are expected to be published within the next two years.

No long-term studies have been done on the medical ‘and
neurobehavioural status of children exposed to CVS. With respect to
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infants exposed in utero to CVS, there have been no reports of physical
injury caused by the procedure. Diagnostic ultrasound during
pregnancy has not been associated with any physical, neurologic, or
cognitive problems in children up to nine years of age.

Introduction

This paper documents the research that has been done on post-natal
effects of the three most prevalent prenatal diagnostic (PND) techniques:
amniocentesis, chorionic villus sampling (CVS), and diagnostic ultrasound.
The safety of these techniques has been studied extensively with respect to
the risks of fetal loss and maternal complications, but the question of any
subtle long-term effects on offspring remains largely uninvestigated; only
a few retrospective studies and small prospective follow-up studies have
been done on the subject. Because it is theoretically possible that certain
injuries caused to the fetus by PND might become evident only when
language, perception, and other complex cognitive functions develop
(Finegan et al. 1985; Hunt 1979), only longitudinal studies can give
definitive answers as to whether or not a particular PND technique is
hazardous to offspring.

Amniocentesis

More is known of the immediate risks of amniocentesis on the fetus
than of its long-term effects. It is generally agreed, on the basis of large
and well-controlled studies, that the risk of fetal loss due to amniocentesis
is about 1 percent or less (Canadian Collaborative CVS-Amniocentesis
Clinical Trial Group 1989; Golbus et al. 1979; Hanson et al. 1987; Leschot
et al. 1985; Manganiello et al. 1979; Medical Research Council 1978).

Orthopaedic Abnormalities and Respiratory Problems

Experimental and clinical evidence shows that prolonged reduction in
amniotic fluid volume (oligohydramnios) can compress the fetus, leading to
pulmonary and orthopaedic problems (Jones 1988). This raises the
question of whether the transient reduction in fluid volume at
amniocentesis could have significant effects of this kind. Reports differ
somewhat on the frequency of orthopaedic congenital anomalies and
respiratory distress syndrome associated with amniocentesis, as do the
sizes and rigour of the studies designed to investigate them.

No significant increases in orthopaedic postural anomalies among
newborn infants who had been exposed to amniocentesis were reported in
two studies conducted in England (n = 1 342, controlled, Wald et al. 1983;
n =1 750, uncontrolled, Davison et al. 1987). Similarly, no evidence of an
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association between exposure to amniocentesis and adverse physical or
motor problems in the first year of life has been reported in several U.S.
studies (n = 2 032, controlled, U.S. National Institute of Child Health 1978;
n = 214, controlled, Howard and Crandall 1979; n = 22, uncontrolled,
Robinson et al. 1975) and one study in England (n = 20, controlled, Vyas
et al. 1982). In Sweden, a study of children between five and seven years
of age who had been exposed to ammniocentesis (n = 122, controlled)
reported that no evidence had been found of an association between the
procedure and an increase in orthopaedic abnormalities or respiratory
problems (Gillberg et al. 1982).

In contrast, a statistically significant, though small (about 1 percent),
increase in orthopaedic postural anomalies and respiratory difficulties
among newborn infants who had been exposed to amniocentesis was
reported in several studies conducted in England (n = 4 856, controlled,
Medical Research Council 1978), Denmark (n = 4 606, controlled, Tabor
et al. 1986), and the United States (n = 407, uncontrolled, Cruikshank
et al. 1983; n = 884, uncontrolled, Penso et al. 1990). In England, a study
of newborns also reported a statistically significant increase of about
1 percent in congenital abnormalities associated with ammniocentesis
(n = 578, controlled, Sant-Cassia et al. 1984). Different conclusions
regarding increases in orthopaedic and respiratory problems associated
with amniocentesis probably result because the increases, if real, are small
and require very large samples to demonstrate them.

Only one group (Finegan et al. 1984, 1985, 1990) has conducted a
prospective long-term study on the medical effects of amniocentesis that
might appear only after the neonatal or infant stage; this study meets a
comprehensive set of design recommendations that previous studies on
long-term effects of PND have mnot (J.-A.K. Finegan, personal
communication 1991; Finegan et al. 1985). Beginning in 1980, mothers
were recruited from the Antenatal Genetic Clinic at the Toronto General
Hospital, where they were undergoing PND because of late maternal age.
The original experimental group consisted of 100 women who had chosen
to have amniocentesis and the control group of 56 women who had declined
it. The children of these women were assessed for physical and
neurobehavioural status at birth, and at six months and four years of age.
Annual contact, kept by sending each child a birthday card, has
maintained an extremely low attrition rate. The most recent phase of the
study included 88 of the original 100 women in the experimental group and
46 of the original 56 in the control group.

In their follow-up study of the infants at six months of age, Finegan
et al. (1985) found no differences in physical growth or risk of orthopaedic
abnormalities between the infants whose mothers had had amniocentesis
(n = 91) and the control subjects (n = 53). These children were examined
again at age four, and it was found that the mothers who had undergone
amniocentesis were more likely to report a history of ear infections in their
child (an increase from 58 percent to 75 percent; p = 0.04). This finding
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was interpreted as a possible indication of effects of amniocentesis on the
upper respiratory system. However, since this was only one finding among
many physical variables studied, including respiratory and orthopaedic
status, physical growth, and the possibility that the mothers’ information
may not have been medically defensible, it needs to be replicated before
being generalized. All children in this study will be examined for upper
respiratory function in the subsequent follow-up at age seven.

Psychomotor and Neurobehavioural Status

Between 10 and 18 weeks’ gestation, there is rapid growth of fetal
neuroblasts, the precursors of adult neuronal cells, and at this time the
developing brain is vulnerable to damage (e.g., from malnutrition or
endocrine imbalance) (Dobbing and Sands 1973). Because PND tests are
performed during this time, their possible effect on the neurologic
development of the exposed child is of interest; however, only a few follow-
up studies have been conducted to examine the psychomotor and neuro-
developmental status of children exposed to amniocentesis.

The results of two previously mentioned studies in the United States
revealed no evidence of neurodevelopmental harm caused to the fetus by
amniocentesis. One, an uncontrolled study of 22 one-year-old infants who
had been exposed to amniocentesis, reported no deviations from normal
mental or motor development (Robinson et al. 1975). The larger, controlled
study of 214 children between the ages of eight and thirty-seven months
found no statistically significant differences between the exposed and
control groups in the areas of fine and gross motor, language, and
personal-social skills (Howard and Crandall 1979). Also, the previously
mentioned controlled study in Sweden of 62 children between five and
seven years of age reported no evidence of amniocentesis having caused
any neurodevelopmental disabilities as tested by fine and gross motor
skills, visual perception, speech, and attention (Gillberg et al. 1982).

The most recent and comprehensive follow-up of the neuro-
development of children exposed to amniocentesis is the previously
mentioned prospective study by Finegan et al. (1984, 1985, 1990), who
assessed the neurobehavioural status of newborns and reassessed these
children at six months and four years of age. The newborns were tested
with a battery of 44 behavioural and orientation items, which can be
grouped into the following characteristics: range of state (state changes
and irritability), regulation of state (self-quieting activity), motor ability,
autonomic stability (tremulousness), response decrement (habituation to
repeated stimuli), reflexes, and alertness. The conditions examined at birth
were chosen more for the purpose of assessing central nervous system
dysfunction than for assessing behavioural status. No differences in
neurobehavioural status were found between the infants whose mothers
had had amniocentesis (n = 100) and the control subjects (n = 56). At the
age of six 