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OBSTETRICS AND 

PEDIATRICS 
The Second Article in a Series about the Significance 
of Genetic Science for Catholic Health Care 

A MEDICAL VIE 

H
istorically, genetics was a disci
pline whose place in clinical 
medicine was limited almost 
entirely to the field of pediatrics, 
including the diagnosis and 

treatment of inherited syndromes and inborn 
errors of metabolism. Subsequently, applications 
of genetics were expanded into the realm of 
obstetrics, as prenatal diagnostic techniques and 
ultrasound offered windows through which one 
could view the developing fetus. Over the past 
two decades, with vast improvements in molecu
lar genetics techniques and with the sequencing 
of the human genome, the incorporation of 
genetics into even field of medicine has become 
commonplace. 

EARLY PEDIATRIC GENETICS 
Pediatric genetics began as a descriptive field. 
Main syndromes were named by and for those 
physicians who first systematically described the 
syndromes' clinical features. For example, in a 
manuscript published in 1866 entitled 
"Observations on an Ethnic Classification of 
Idiots," J. L. H. Down. M P , characterized the 
features of Down syndrome.1 Although descrip
tions of clinical syndromes were carefully record
ed, beginning in the mid 1800s, understanding of 
their underlying mechanisms did not occur until 
many years later. 

The first chromosome disorder identified was 
in 1959, when Jerome Lejeune, MD, reported 
that Down syndrome resulted from the presence 
of an extra copy of chromosome 21 (trisomy 21). 
In the 1940s, the accumulation of phenylketones 
was recognized as the cause of severe mental 
retardation in the metabolic condition phenylke

tonuria (PKU). Following this discovery, a 
screening test for PKU was developed by Robert 
Guthrie, MD, ultimately resulting in the birth of 
newborn screening in 1961. Currently, newborn 
screening is performed throughout the United 
States and accounts for the vast majority of 
genetic testing. 

THE TECHNOLOGIES ADVANCE 
The introduction of genetics into obstetric prac
tice in the United States began with the availabili
ty of amniocentesis for prenatal diagnosis in the 
early 1960s. In this procedure, a small amount of 
amniotic fluid is obtained to test for fetal chro
mosome abnormalities or inherited conditions. 
Widespread application of genetic screening to 
obstetrics began in the mid-1980s with the intro
duction of maternal serum screening to identify 
pregnancies at risk for fetal neural tube defects or 
Down syndrome. 

As technologies advance and as our under
standing of inherited conditions increases, genet
ic testing and screening during pregnancy contin
ue to grow. Carrier screening for recessive condi
tions is intended to identify couples at risk for 
having children with inherited diseases that are 
either debilitating or lethal. If both members of a 
couple cam- a deleterious mutation in the same 
gene, each of their children has a 25 percent risk 
of inheriting the abnormal gene from both par
ents, thus being affected with the disease. The 
carrier parents usually have no clinical manifesta
tions of the disorder. 

In October 2001, the American College of 
Obstetricians and Gynecologists and the 
American College of Medical Genetics published 
a combined report outlining guidelines for pre-
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conception and prenatal carrier screening tor cys
tic fibrosis. The authors recommended that "cys
tic fibrosis carrier screening be offered to all cou
ples in whom one or both partners are Caucasian 
and are planning a pregnancy or seeking prenatal 
care." : Outside of newborn screening, these rec
ommendations represent the largest application 
of genetic screening in the United States to date. 

IDENTIFYING RISK FOR DOWN SYNDROME 
With the movement of women into the work 
force and the resultant delay in childbcaring, the 

increasing risk of fetal chromo
some abnormalities with advanc-

c r e e n i n 2 For m&materna' ase nas become 
& more apparent and—if the num

ber of pages in medical journals 
devoted to a subject is any indi
cation—a topic of great interest. 

The majority of these articles 
focus on the question: How cm 
we noninvasively identify those 
pregnancies at risk for Down 
syndrome (trisomy 21)? Initially, 
the only "screen" was a patient's 
age, with a gradual increase in 
risk for a fetus with an abnormal 

number of chromosomes with each subsequent 
year. For example, the risk of any chromosome 
abnormality in a live-born child of a 20-year-old 
is approximately 1:1,500; the risk to a 35-year -
old is 1: 180; and the risk to a 45-year-old is 
approximately 1:18.3 

Over the years, maternal serum screening for 
fetal chromosome abnormalities has been expand
ed and refined. The screening was first introduced 
in the mid-1980s, following the retrospective 
observation of a low maternal serum concentra
tion ofalpha-fetoprotein (AFP, the primary fetal 
protein) in a pregnancy from which a baby with 
trisomy 18 was delivered. Further investigation 
revealed a consistent association between low 
maternal serum AFP concentration and fetal chro
mosome abnormalities, specifically trisomy 21 and 
trisomy 18.4 This relationship proved to be signiti 
cant, ultimately resulting in the incorporation of 
maternal serum screening for Down syndrome 
into routine obstetrics practice. 

Over time, additional markers have been 
added, to the extent that patients are now offered 
a "quadruple screen," including AFP, human 
chorionic gonadotropin (hCG), unconjugated 
estriol (uE3), and dimeric inhibin-A (inhibit!). 

With this screen, which is performed between 15 
and 20 weeks of gestation (three-and-a-half to 
four-and-a-half months), the detection rate of 
pregnancies at risk for Down syndrome is 75 per
cent, with 5 percent (1 in 20) of all pregnancies 
being identified as "screen positive," that is, hav
ing a risk equal to or greater than that of a 35-
year-old, 1:270.' 

In the past decade, tremendous energy has 
been invested into moving screening for chromo
some abnormalities into the first trimester (first 
14 weeks or three months) of pregnancy. This 
can be accomplished by combining sonographic 
measurement of the space below the skin at the 
back of the fetal neck (nuchal translucency) with 
measurement of two maternal serum markers, 
pregnancy-associated plasma protein A (PAPP-A) 
and free beta hCG. This screening, performed 
between eleven-and-a-half and thirteen-and-six-
sevenths weeks, can detect up to 85 percent of 
Down syndrome pregnancies.'' Screening this 
early in pregnancy does, in fact, allow patients the 
greatest variety of reproductive options; the 
screening (some of which is contrary to Catholic 
moral teaching) has been enthusiastically accept
ed into clinical practice throughout the United 
Kingdom and in some parts of the United States. 

Speaking personally, since we incorporated 
first-trimester screening into our center's prac
tice, I have noted that patients increasingly opt 
for screening in an effort to avoid diagnostic test
ing and the attendant risk of pregnancy loss. 

CURRENT DIAGNOSTIC PROCEDURES 
When, through any screening method, a patient 
is identified as having an increased risk for a fetal 
chromosome abnormality, she is offered a diag
nostic procedure that will provide a definitive 
answer. The current available techniques include 
placental biopsy or chorionic villus sampling 
(CVS); amniocentesis; and fetal blood sampling. 

CVS is usually performed between 10 and 13 
weeks (two to three months), preferably by i 
highly trained physician (usually a maternal-fetal 
medicine specialist or an obstetrician geneticist) 
and has a risk of miscarriage of 1:200, even when 
done by an experienced practitioner. Amnio
centesis involves withdrawal of a small aliquot of 
fluid from the amniotic cavity, is most frequently 
done between 15 and 20 weeks (three and a half 
to four and a half months), but can be performed 
through term, and carries a 1:300 risk of miscar
riage. Fetal blood sampling is limited to high-risk 
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circumstances, particularly when there is urgency 
in the timing of results. This technique, usually 
performed after 18 weeks (four months), entails 
obtaining blood from the umbilical cord under 
ultrasound guidance, and thus requires extensive 
training. The technique has a 1:100 (one percent) 
risk of pregnancy loss, even when performed by 
experienced hands. Patients who are appropriate
ly counseled before a diagnostic procedure 
understand the technique, the alternatives, the 
information that may be gained, and the risks of 
the procedure. 

COUNSELING IS ESSENTIAL 
Information obtained from prenatal diagnosis is 
often assumed to be solely for the purpose of 
determining whether to continue a pregnancy. 
My experience, based on directing prenatal diag
nostic services at a Catholic hospital for eight 
years, is quite the contrary. Many patients arc not 
interested in termination. Rather, they desire 
information that can help them cither alleviate 
anxiety or to help prepare for the birth of a child 
with special needs. 

Prenatal diagnosis allows for selection of an 
appropriate site for delivery, particularly should 
the baby require intervention in the newborn 
period, such as cardiac surgery. During the preg
nancy, parents can meet with health care 
providers likely to be involved with their new
born's care, at a time when the immediate needs 
of the infant arc not yet a concern. Often, the 
parents become educated about the baby's diag
nosis, network with families of children with simi
lar conditions, and select a pediatrician with 
familiarity with (or a willingness to learn about) 
the disease the baby is known to have. 
Counseling of patients who receive an abnormal 
result from prenatal diagnosis is essential so that 
they understand all of their options, are aware of 
the available resources, and feel supported, 
regardless of the decision they ultimately make. 

MOLECULAR GENETICS AND THE FUTURE OF PRENATAL 
DIAGNOSIS 
Recent advances in molecular genetics techniques 
allow information to be drawn from minuscule 
amounts of genetic material—as little as one cell. 
Two methods that have made this possible are 
polymerase chain reaction (PCR) and florescence 
in situ hybridization (FISH). 

With PCR, specific segments of DNA can be 
copied from one or a few cells to make hundreds 

or thousands of copies of the gene segment! s) of 
interest. The copies can then ho used to deter
mine the genetic makeup of the original cell) s I 
with reference to a particular gene of interest, 
such as the cystic fibrosis gene for a family that 
has a 25 percent risk for having <\n affected child. 

FISH technology involves attaching a fluores
cent tag to a piece of DNA that is unique to a 
particular chromosome or chromosome segment. 
This "probe" (tagged DNA) is then used to iden
tify that region, and by counting fluorescent sig
nals in a cell, the number of 
copies of that chromosome or 
chromosome segment can be 
determined. For example, with 
a chromosome 21 probe, a 
normal cell would have two 
signals, whereas a cell from Mt 
individual with Down syn
drome would have three. 

In combination with in vitro 
fertilization, PCR and FISH 
can be used for preimplanta-
tion genetic diagnosis. One or 
two cells are removed from each early embryo 
after in vitro fertilization. Depending on the con
dition for which the pregnancy is at risk, cither 
PCR (for an inherited disease) or FISH (for chro
mosome abnormalities) is done. Only those 
embryos determined to be without the disorder 
are then "transferred," or placed into the uterus. 
And, though I am not proposing this, it is the 
case that some couples find this process to be 
preferable to prenatal diagnosis during pregnan
cy, particularly if they would like to avoid both 
pregnancy termination and a child with an in
herited disease. 

The future may bring dramatic changes in pre
natal diagnosis. During pregnancy, a small num
ber of intact fetal cells cross into the maternal cir
culation. Significant eftbrts have been focused on 
methods to identify and isolate these cells to 
allow for prenatal diagnosis without requiring an 
invasive procedure (CVS or amniocentesis). 
Though great strides have been made, this tech
nology is far from ready for general practice. In 
contrast, many companies arc actively developing 
microchips. These are tiny (e.g., two millimeters 
by two millimeters by one-tenth of a millimeter \ 
chips coated with numerous small DNA seg
ments (oligonucleotides) that can be used to test 
for dozens of different gene mutations at once, 
with an assay that can be run in a matter of rnin-

-Ihe future may 

bring dramatic 

changes in prenatal 
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utes. This technology may soon be applied to car
rier screening of pregnant women for a multitude 
of conditions, MU\ perhaps even to fetal genome 
screening following CVS or amniocentesis. 

TOWARD A NATIONAL AGENDA 
New born screening is mandated by law through
out the United States, although each state legisla
ture determines the extent of testing to be done 

in that state. As a result, the 
number of conditions tor 
which screening is performed 
ranges from three to 36. All 
states screen for three condi
tions: phenylketonuria (PKU), 
hypothyroidism, and galac
tosemia. The rationale for 
newborn screening is to iden
tify potentially treatable dis
eases prior to accumulation of 
metabolites (toxic substances) 
or intercurrent illness, which 
result in irreversible damage 
with most of the inborn errors 

of metabolism identified by newborn screening. 

After a baby has been identified as having a dis
ease, physicians immediately begin therapy and 
parental education in an effort to alter the long-
term course of the disease. For some diseases, 
such as PKU, the impact of newborn screening 
and therapy has been dramatic. Untreated indi
viduals with PKU develop severe mental deficien
cy, whereas those treated with dietary interven
tion can have normal IQs, hold regular jobs, and 
have families of their own. Although the promise 
of early intervention has not been universally real
ized, newborn screening is intended to improve 
the lives of children with inherited diseases. 

Currently, the National Institutes of Health is 
working with a number of concerned parties, 
including the American Academy of Pediatrics, 
the Centers for Disease Control, the March of 
Dimes, and the Genetic Alliance to develop a 
national agenda for uniform newborn screening 
throughout the United States. 

This agenda would involve nondiscriminatory 
screening, regardless of geographic location; cen
tralized data collection; high-quality manage
ment; and resources for patient and family educa
tion. The participating organizations favor 
screening that uses tandem mass spectrometry 

( MS), a technique that allows identification of 
more than 20 inborn errors of metabolism. MS is 
somewhat controversial because many of the dis
orders it can identify have at present no available 
treatment of proven benefit. 

Hope for the future of pediatric genetics 
extends beyond expanded new born screening. 
Gene therapy has been successfully used to treat 
several inherited conditions, including severe 
combined immune deficiency and some lysoso
mal storage disorders. 

Among the mechanisms by which gene therapy 
cures disease are: 

• Introducing a functional gene 
• Decreasing expression of an abnormal gene 
• Enhancing expression of a normal gene 
Over the years, numerous problems with gene 

therapy have been encountered. One involves tar
geting the gene to the specific cells or tissue in 
which gene expression must be altered. Another is 
identifying a suitable 'Vector," or vehicle, for intro
ducing the genetic material into cells without com
promising the patient as a whole. This has been a 
particular problem, as modified viruses have been 
used as vectors with varying success. Nevertheless, 
with continued investigation, gene therapy is likely 
to play a major role in treating some of the most 
devastating inherited conditions. 

DIFFICULT DECISIONS AHEAD 
As our understanding of the human genome 
increases, decisions will have to be made regard
ing testing and screening children for predisposi
tion to adult-onset disease (such as diabetes and 
heart disease) and carrier status for recessive con
ditions. Currently, the American Academy of 
Pediatrics (AAP) recommends that such testing 
be deferred until adulthood, or at least adoles
cence, when the patient will have developed 
mature decision-making capability. 

In addition, the AAP does not support carrier 
screening except in relation to a pregnancy. 
However, practitioners may soon be confronted 
by anxious parents who want genetic testing of 
their children for a variety of conditions, hoping 
that early identification may improve outcome, 
despite an absence of supportive data. The risks 
in running die test include possible inaccurate 
interpretation of the results, an absence of proven 
beneficial intervention, and stigmatization. 
Genetic testing of children should be approached 
with great caution. • 
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AN ETHICAL VIEW 

G 
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enomic advances promise to revo
lutionize the provision of health 
care in the coming decades. With 
these advances come new chal
lenges. How can the benefits of 

genomic progress be provided in a way that is eth
ically sound and consistent with the values of the 
Catholic health ministry?Because much genetic 
testing and counseling is related to reproductive 
decisions and reproductive medicine, Catholic 
institutions may have a tendency to avoid ottering 
genetic services. Yet experience shows that genetic 
services can be provided in ways that are consis
tent with Catholic values. Indeed, given the 
increasing importance of genomics, "the critical 
question for Catholic health care is not so much 
whether we should pursue genomic advances, but, 
rather, how we should pursue them."' 

The Catholic Health Association has prepared a 
Catholic vision statement to guide our considera
tion of genomics. This statement, Harnessing the 
Promise of Genomics: A Catholic Vision toward 
Genomic Advances, focuses on three foundational 
principles: 

• The principle of human dignity requires 
that we respect every human life, its value and its 
potential, arid that we work to eliminate practices 
that discriminate among humans on the basis of 
perceived or actual limitations. 

• The principle of relationality requires a bal
ance between the needs and desires of an individ
ual, on one hand, and, on the other, the responsi
bilities and relationships of that individual within 

the family, the community, and the larger society. 
• The principle of solidarity reminds us of our 

obligation to care for those who are most needy, 
economically, physically, or psychologically, and 
our responsibility, as we pursue medical and 
genomic advances, to ensure basic health care for 
all.Although abstract, these three principles have 
direct application in concrete situations encoun
tered in genomic medicine. In this article, I will 
examine their application in two broad areas: 
(1) genetic testing and screening in relation to 
reproductive decisions; and (2) screening and 
testing of children, including newborn screening 
and presymptomatic genetic testing. 

PREVENTING THE TRANSMISSION 
OF GENETIC DISEASES 
Prospective parents as well as their obstetric 
providers hope for the birth of a healthy child. 
The healing mission supported by the Catholie 
Church recognizes that preventing a disease or 
disabling condition is generally preferable to try
ing to deal with its effects later on. The goal is 
not perfectionism but the basic health status that 
is the foundation for normal human flourishing. 

The church has long recognized this goal, even 
in its Code of Canon Law, where one of the 
impediments to valid marriage—blood relation
ship—was originally based on the belief that the 
offspring of two closely related individuals were 
"subject to grave physical and mental weakness."2 

Blood relationship was used to identify couples 
who were likely to transmit a hereditary defect, 
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