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An Assessment of the Role of Research
Involving Living Human Fetuses

in Advances in Medical Science and Technology

SUMMARY

A study has been made of four important developments in the combined area
of fetology- neonatology- pediatrics- obstetrics with emphasis on the assessment of
the role of research involving living human fetuses in the evolution of these
developments. The cases chosen for study were: amniocentesis, congenital
rubella syndrome (rubella vaccine), Rh isoimmunization (Rh vaccine and therapeu-
tic exchange transfusions), and respiratory distress syndrome.

As in other scientific or technical developments, progress occurred through
essentially discrete paths of research which, however, were mutually reinforcing
and which led to a significant advance in medical science. Detailed accounts
and historiographs of each case were developed and these are presented in later
sections.

Research in each of these cases involved both animal models and living
human fetuses to varying degrees and in varying ratios. Later sections discuss
in some detail the estimated effects that a ban on research on living human
fetuses would have had on each development. Briefly stated here, adequate ani-
mal models were not available at the times needed and only in isoimmunization
has appreciable progress since been made towards an adequate model. Thus, the
developments would have been halted indefinitely, except perhaps for the Rh
vaccine which would have been delayed for at least five, and more probably ten
years. Also very recently progress has been made towards a model useful for
respiratory lung distress.

With the benefit of retrospection, it is concluded that investigators pro-
ceeded to clinical trials with very high ratios of benefit to risk in each case.
The benefits have indeed been high—rubella and Rh vaccines can eliminate fetal,
neonatal and later mortality and morbidity caused by rubella, and Rh incompati-
bility in the expectant mother. Prior to the development of the Rh vaccine,
multiple exchange transfusions were developed for effective therapy of both the
fetus and the neonate. Consequent social and economic gains are obvious. In
the case of rubella, the National Foundation-March of Dimes estimated that the
number of cases of rubella and congenital rubella syndrome in the United States
dropped 57 percent to 11, 836 cases in 1974, compared to 1973. In the prevaccine
years 1966-68, the number of cases was 47, 500 per year. The gains resulting
from the treatment or prevention of Rh isoimmune hemolytic disease are also
great. It is estimated that the annual number of stillbirths resulting from
the disease was 10, 000 before the development of the therapeutic and prophylac-
tic methods. The in utero exchange transfusions alone can rescue 50 percent of
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these fetuses. It is estimated that pre- and postnatal exchange transfusions
have saved 200, 000 lives in the period between 1940 and 1960. The development
of the Rh vaccine can prevent the disease in an estimated 25, 000 infants at
risk each year in the United States. In the case of respiratory distress syn-
drome, the gains are not yet so dramatic, but advances in the understanding of
the disease and its detection have led to both prophylactic and therapeutic
approaches of great promise. Amniocentesis has made major contributions to the
other cases and, moreover, has led to a wide range of diagnostic procedures
which for the first time allow the assessment of fetal health and development
in utero.

INTRODUCTION

Advances in embryology and fetology combined with advances in genetics,
immunology, virology, cell biology, and other disciplines have resulted in
procedures and treatment that enable:

(1) Diagnosis in utero of numerous genetic, developmental, or
teratogenetic defects.

(2) Reduction or elimination of certain of the risks of such
defects to the embryo, fetus, or infant.

The development of such procedures has involved research on living human
fetuses and is related to the larger subject of research on living humans.
This matter has become of such importance that a National Commission for the
Protection of Human Subjects of Biomedical and Behavioral Research* was estab-
lished in 1974 by the United States Congress. At the time of its establishment,
a moratorium was instituted on HEW support of nontherapeutic research on living
human fetuses before or after induced abortions. ** The National Commission was
charged with recommending to the Secretary of Health, Education and Welfare by
April 30, 1975 whether this moratorium on research on living human fetuses
should be continued, lifted, or modified.

To furnish background information on which to base its recommendations,
the National Commission contracted with the Columbus Laboratories of Battelle
Memorial Institute to make an assessment of the role of research involving
living human fetuses in certain advances in medical science and technology.
The advances to be considered were:

(1) Congenital Rubella Syndrome (Rubella Vaccine)

(2) Amniocentesis

*Hereinafter referred to as the "National Commission. "
**Public Law 93-348, Section 213.
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(3) Isoimmunization (Rh Vaccine)

(4) Respiratory Distress Syndrome.

Of these cases, amniocentesis is a general technique that makes possible a
wide range of diagnostic procedures; congenital rubella syndrome and isoimmuni-
zation are concerned primarily with the prevention of defects; and respiratory
distress syndrome is concerned with the prior warning and treatment or preven-
tion of a very serious neonatal problem.

Each case was to be studied retrospectively and the significant steps lead-
ing to the final procedure were to be identified. The use of living human fetuses
in the course of the research was to be studied intensively and, most importantly,
the impact of the substitution of other procedures for living human fetuses was
to be projected as far as possible. That is, an attempt would be made to answer
the question, What would be the estimated effects of such substitution on (a) the
time to develop the procedures; (b) changes in morbidity and mortality; (c) eco-
nomic costs; and (d) related scientific advances?

While these were the objectives of the program, both the National Commission
and Battelle-Columbus recognized that the time available (from February 4, 1975,
to the March 7, 1975, submission of the draft report) would impose limitations.

The following sections describe the methodology used, the four individual
cases, and the overall conclusions drawn from the four cases. Although the
report is intended for the informed layman, the use of medical and scientific
terms was unavoidable. Therefore, a glossary of technical terms has been pro-
vided.

In this report the term "research on living fetuses"* embraces any experi-
mentation on either the pregnant woman or the fetus in which either drugs or
surgical procedures are involved. The "fetal period"* is to be understood as
the time from implantation to delivery, including the first seven to eight
weeks, which are usually referred to as embryonic.

OVERALL CONCLUSIONS AS TO THE NEED FOR FETAL RESEARCH

It is apparent from a study of the development of the four selected cases,
amniocentesis, isoimmunization, respiratory distress syndrome, and congenital
rubella syndrome, that research on living human fetuses played a significant
role in each. The concern here is the estimation of the probable effect that
a ban on research involving the use of living human fetuses would have had on
the course of these developments. The phrase "research on living human fetuses"
has been defined* as any research done on either the pregnant woman or the living
fetus, or in short, any experimentation that could perturb the living fetus or
its environment. To carry such a restriction to the ultimate would, of course,

*These definitions supplied by the staff of the National Commission.
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prevent new therapeutic, prophylactic, or diagnostic procedures for fetuses or
pregnant women from reaching clinical usage. First clinical trials would con-
stitute such research and thus be automatically proscribed. In light of this,
we have considered fetal research as somewhat analogous to the accepted method
of drug development. New drugs are evaluated in animal models as to toxicity
and efficacy to the point where it is felt by competent judges that clinical
trials are warranted. The risk involved in this final step is dependent upon
the adequacy of the subjective judgment and of the animal model used. No amount
of animal use will insure complete safety in first clinical trials if the animal
models do not very closely mimic the human subjects. Thus the four developments
studied here must be considered with regard to the availability of adequate
animal models for the several lines of research and the multiple steps in each
for the different cases. In effect, this study has focused on the possibility
of greater use of animal models and the consequences of this change in each of
the developments.

Although "cases" are being studied here, it must be noted that each was
composed of several parallel efforts that were mutually reinforcing and which
together led to an advance in a diagnostic method or treatment or prevention of
a disease state. Thus a procedural change or delay in one contributing research
approach could have a profound effect on the total development. This is true
even in what appears to be an independent development. For example, amniocen-
tesis had its origin in 1882 as a palliative procedure for the treatment of
polyhydramnios. Over the years it was found that the amniotic fluid withdrawn
in the procedure could furnish much information as to the health of the fetus
and allow the identification and measurement of the progression of many fetal
disorders. This later use of the procedure contributed significantly to the
understanding and eventual prophylaxis or treatment of two of the cases studied
here, Rh isoimmunization and respiratory distress syndrome. This procedure,
obtaining amniotic fluid, is unique among the developments studied in that no
record was found of preceding animal studies. Since its first use, there have
been many animal studies—primarily to determine suitability of the animals as
fetal models—but no animals have been found to be adequate as models for the
technique itself. A detailed exposition of the model shortcomings may be found
in the section on amniocentesis.

With the other cases, which are concerned with therapeutic and prophylactic
procedures, adequate animal models were also unavailable. In congenital rubella
syndrome, once the association between rubella in the gravid human and the con-
genital defects was established, preparation of the vaccine could be thought to
be straightforward. However, no animal is known which could have shown that the
attenuated live virus vaccine given to a pregnant woman would traverse the pla-
centa to infect the fetus, and that it is therefore necessary that the vaccine
be administered well before pregnancy.

In respiratory distress syndrome, amniocentesis was essential in obtaining
human amniotic fluid which would allow the determination of the vital lecithin/
sphingomyelin ratio that measures the fetal lung maturation. The effect of
corticosteroids was widely studied in various animals, but the animal models
were deficient because of a placental barrier to the drug that is absent in the
human, and because the lung-surfactant system is different. It should be noted
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that this steriodal hormone treatment is still experimental. Considerable
further research is necessary and a valid mother-placenta-fetus model is not
yet known. A more recent treatment for respiratory distress syndrome is the
administration of plasminogen to the neonate. Promising results have been
obtained but its ultimate effectiveness cannot yet be assessed. Rationale for
the treatment was based on a knowledge of the etiology of the disease but,
given the etiology, development of the treatment did not involve research on
living human fetuses. Prior determination of the probable occurrence of the
disease by determination of the L/S ratio through amniocentesis would give
warning that treatment would be needed.

In Rh isoimmunization, again use of both animals and living human fetuses
is found. As in the respiratory distress syndrome, amniocentesis is found to
be central to research leading to an understanding, characterization, and
detection of the disease. Both animal and living human fetal research were
involved in the steps leading to therapy (transfusions) and prophylaxis (Rh
vaccine). These animal models also were deficient, as is described later, and
research involving living human fetuses was necessary to reach definitive con-
clusions. Today the course of research could be different—in the mid-1960s,
intensive research began on the isoantigens of lower primates and the mechanism
of isoimmune disease in these animals. It is conceivable that the use of these
animals could have eliminated some of the use of living human fetuses, but the
Rh vaccine was developed before the animal models became available. Interrup-
tion of the Rh isoimmunization study in order to wait for the primate research
would have delayed the development of Rh vaccine accordingly. It is doubtful
and even improbable that the risks to the eventual clinical subjects would have
been appreciably decreased by the added primate work.

Special attention should be paid to the place of amniocentesis. As noted,
this procedure went into clinical use without prior animal studies, and even
after more than 90 years, no adequate animal model has been found. Had the ban
on fetal research been in effect, amniocentesis would not be used today. The
importance of amniocentesis in the research leading to prevention or treatment
of respiratory distress syndrome and Rh isoimmune hemolytic disease cannot be
overstated. Not only does amniocentesis enable detection and monitoring of the
progression of the diseases in utero, but its use was vital in characterizing
the diseases and the etiologies. Without this basic knowledge, there would
have been no basis for the successful research directed towards prevention or
cure. Postnatal transfusions for Rh hemolytic disease were begun before the
basic knowledge was gained, but they, of course, do not apply to stillborns,
nor do they prevent prenatal damage.

Thus the conclusion is reached that in the four cases studied, adequate
animal models were not available and—with the exception of Rh isoimmunization—
the prospect of adequate models becoming available is small. As in the case of
therapeutic drugs, dependence must be placed on the judgment of qualified per-
sons that proceeding to research involving living human fetuses is justified on
the basis of risk/benefit considerations.

Because of the current interest, instances of fetal research can also be
classified as to "therapeutic" or "nontherapeutic" application. That is, the
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procedure was defined according to the objective either of aiding the individual
fetus involved or of gaining knowledge that would contribute to the well-being of
fetuses in the future. The findings follow:

Congenital Rubella Syndrome (Rubella Vaccine)

The fetal research here involved fetuses whose abortions were planned.
The objective was to determine if the vaccine given to the pregnant
mother would infect the fetus. Thus it was for the benefit of future
fetuses and is classified as nontherapeutic.

Amniocentesis

In respiratory distress syndrome, amniocentesis contributed to both
therapeutic and nontherapeutic fetal research, as will be seen in
those sections. Fetal research involving amniocentesis has led to
methods that can diagnose fetal abnormalities. Because at this
time remedies for a large majority of these abnormalities are not
known, most of this research must be classified as nontherapeutic
to the subject fetus. It should be noted, however, that the pro-
cedures can be of immediate therapeutic benefit to the pregnant
mother.

Isoimmunization (Rh Vaccine)

Early fetal research here had the dual objectives of detecting and
characterizing the disease in the fetus. Detection would give prior
warning that an exchange transfusion would be necessary. Research
directed towards characterization, while of benefit to future
fetuses, would also identify those at risk and thus be of immediate
therapeutic value. Intrauterine exchange transfusions were initiated
as a direct therapeutic measure.

Respiratory Distress Syndrome

Fetal research directed toward detection of the impending disease
is classified as therapeutic because it showed the need for delay
of the delivery or the need for postnatal treatment. In fetal
research involving steroids, the first (1961) was to determine if
cortisol administered to pregnant women would cross the placenta.
This is classified as nontherapeutic. In the other steroid fetal
research, the objective was the development of therapy that would
benefit the fetus involved and so is therapeutic.

METHODOLOGY

The methodology was in general derived from that used in the Battelle study
for the National Science Foundation on the interactions of science and technology
in the innovative process. * In that study the objectives included the identification

*"Interactions of Science and Technology in the Innovative Process: Some Case
Studies, " Final Report by Battelle, Columbus Laboratories to National Science
Foundation, Contract NSF-C667, March 19, 1973.
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and characterization of significant and decisive events, and assessment of their
importance to the innovative process. Any general or qualitative characteristics
that were common to the eight cases of innovation were also identified.

In the present program primary concern was the significant steps in each of
the four cases that were found to include, as an essential element, research on
living fetuses. These steps were then studied in detail to estimate the effects
of substitution of animal models (or perhaps in vitro methods) for living human
fetuses.

Thus the project proceeded chronologically as follows:

1. Construction of an historical outline of the development of each
case, showing the chronology of the steps contributing to the
development of the clinical procedure or treatment. These are
described in the narratives and in diagrammatic form in the
sections on the individual cases.

2. Identification of the significant steps and determination of
those in which living human fetuses were used in the research.

3. Estimation of the effects of a delay in research on living human
fetuses, and evaluation of the possibility of alternate pathways.
The latter could include the use of animal models or in vitro
methods.

4. Comparison of the probable progress and final results from the
use of alternate routes as compared with the actual path involv-
ing the use of living human fetuses.

5. Assessment of the significance of the development.

6. Determination of any general conclusions or principles that are
suggested by the foregoing assessments.

To carry out this study, an interdisciplinary team was assembled which
included case leaders from disciplines appropriate to each case, supported by
other life scientists, information scientists, librarians, and various consul-
tants and advisers. Management of the program, because of its interdisciplinary
nature, was provided by members of the Research Council of Battelle-Columbus.

After definition of the program and organization, the initial step was the
literature searches in each of the four cases. Initially, machine searches were
performed at the National Library of Medicine, as arranged by Dr. Duane Alexander
of the National Commission and Miss Charlotte Renter of the National Library of
Medicine. These searches included MEDLARS II from January 1972 to the present,
CATLINE from 1964 to the present, and BACKFILE from January 1969 to September
1971. Many of the articles, books, and reports listed in the search results
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were obtained through local libraries. A review of these publications identified
many references to earlier work. Concurrently, searches were made of local
sources at Battelle, The Ohio State University School of Medicine, and hospital
libraries by the project staff, including an information scientist.

Because of the pressure of time, the National Commission recommended the
use of a number of consultants who were active participants or knowledgeable in
the various fields. These consultants were expected to supply not only infor-
mation from personal experience, but also references to other work. Scheduling
difficulties resulting from the short time available prevented optimum utiliza-
tion of this group. In addition, other experts both in Columbus and elsewhere
were consulted.

Further aid in gathering information to be analyzed was given by an
obstetrician-gynecologist of the Human Affairs Research Center of Battelle
Memorial Institute in Seattle, and by a Columbus geneticist, serving as a
research associate to the project.

Concurrently with the literature search, analysis proceeded to identify
and describe the significant steps in each case. The analyses, literature
search, and inputs from the consultants were mutually reinforcing throughout
the project.

Throughout the project, meetings were held among the groups to insure
commonality of methods and objectives, and to identify features and conclusions
common to the subgroups. Overall conclusions drawn from this study therefore
represent a consensus of the project team.

Each of the cases is reported separately in the following sections. For
each case, the significance of the development to the mother and fetus (or neo-
nate) is described. Important steps in each development are described narra-
tively and shown in an historiograph. These latter show the steps in the
characterization, etiology, and detection of the disease states and the devel-
opment of therapeutic or prophylactic procedures. In the case of amniocentesis,
the history and applications of the procedure are shown. In each historiograph,
the steps are coded to show the experimental animal involved.

Although the events are shown chronologically, it is not implied that each
event was a direct consequence of the preceding. Arrows were used to show
dependence on a previous finding. Also, the listing of an event and the senior
author is not to be taken as showing absolute priority for a given development.
Time did not allow rigorous establishment of priority. The historiographs do
show the paths of the developments and the place of research involving living
human fetuses in the overall history.

Because of the importance of animal models to this study, further and more
detailed information was obtained and combined with the information found in
each case study to form an additional section of the report. This furnishes
additional bases for the conclusions reached in this study.
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CASE STUDIES



CONGENITAL RUBELLA SYNDROME (RUBELLA VACCINE)

Medical Significance

In discussing the medical significance of congenital rubella, several
points need to be made.

(1) Congenital rubella is a disease that involves many body
organs and results in a wide range of defects. The phy-
sical findings are often accompanied by a variety of
behavioral manifestations.

For proper management of the multihandicapped rubella
child, facilities are required that go beyond just the
deaf or deaf-blind child for which they are currently
designed. Facilities are needed to deal with the mul-
tiple problems that may arise with certain children.

(2) Congenital rubella is not only a multisystem disease,
but a continuing disease. Therefore, long-term eval-
uations are necessary so that defects not evident at
birth are not overlooked and so that the etiology of
later problems can be identified.

(3) Mental retardation is a major consequence of congenital
rubella. In one study, 9 37 percent of infected chil-
dren had varying degrees of retardation. This figure
is remarkable when one considers that the expected
prevalence in the general population is 2 to 3 percent.

(4) To the families of rubella children, the disease has a
powerful psychological and social impact. The presence
of a rubella child has an effect on the entire family
and their way of life.

It is clear that congenital rubella has a profound effect both on the
affected child and the family. The need, therefore, to protect the pregnant
female from infection by the use of appropriate vaccines is pressing. To this
end, rubella vaccines have been available since 1969, and what follows is an
indication of their effectiveness. Questions remaining to be answered regarding
vaccine effectiveness are described in the section entitled "Outlook. "

Rubella first became a nationally notifiable disease in 1966, when all
states agreed to submit a weekly report to the Center for Disease Control (CDC)
of the number of reported cases of rubella.
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Congenital rubella syndrome (CRS) also became a notifiable disease in
1966. The National Registry for Congenital Rubella Syndrome was established
in 1969 for the collection and analysis of detailed- reports on all reported
cases.

With the licensing of live, attenuated rubella virus vaccine in 1969,
large-scale immunization campaigns were carried out in the United States to
control rubella and, therefore, prevent the occurrence of congenital rubella
syndrome. Prior to 1969, epidemiologic studies showed that rubella occurred
primarily in young children who, in turn, were the primary source of infection
for pregnant women. 62 The Public Health Service Advisory Committee on Immuni-
zation Practices44 and the Committee on Infectious Diseases of the American
Academy of Pediatrics2 recommended vaccination of prepubertal children on a
large-scale basis, reducing virus transmission and preventing congenital rubella,
in short not subjecting adult women to the risks of intensive vaccination.

Since the introduction of the rubella vaccine into widespread use, the
number of reported cases of rubella decreased steadily from 1969 (57, 686 cases)
to 1972 (25, 501 cases), the lowest yearly figure since the beginning of nation-
wide reporting. In 1973, 27, 901 cases were reported to the CDC (9. 5 percent
over 1972). Most of the 1973 increase occurred in the first 28 weeks of the
year with reports for the remainder of 1973 falling to 5O percent below those
of the previous year. This downward trend has continued through the first
10 months of 1974 with a decrease of 60 percent below the corresponding period
in 1973.

Since the introduction of the rubella vaccine, the number of reported CRS
cases has declined since 1969. For the first 12 months following vaccine admin-
istrations, approximately 91 cases of CRS were reported. Over the next three
12-month periods, there were 54, 40, and 25 cases of CRS reported to the National
Registry for Congenital Rubella Syndrome.

The steady decline over the past four years of reported rubella and congen-
ital rubella syndrome cases is testimony and justification for the research on
rubella virus disease that culminated in the development of. several live attenu-
ated vaccines. Although the results of the last four years are encouraging, only
careful surveillance for rubella and CRS will reveal whether childhood vaccination
programs continue to be effective in interrupting transmission of disease to preg-
nant women and in reducing fetal wastage and congenital malformations.

Historical Account

Clinical Studies of Rubella and the Congenital Rubella Syndrome

Rubella was first described as a disease entity by de Bergen in 1752. 12

The disease was reported to be distinct from measles by Veale in 1866. 60 Rubella
in children and adults is generally characterized as a mild exanthem which rarely
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produces complications. However, as the result of an epidemic of rubella in
Australia in 1939-1940, an unusual number of cases of congenital cataract were
observed from areas throughout Australia. These findings prompted Norman Gregg
in 194119 to conduct retrospective studies which associated for the first time
maternal rubella with congenital malformations.

Shortly after Gregg's report two large-scale investigations were conducted
in Australia. Swan et al., 49 studied congenital defects in neonates in southern
Australia; in New South Wales a committee was appointed by the Director General
of Health to investigate Gregg's observations. These investigations confirmed
and expanded the original findings. The major congenital defects found were
deaf-mutism, eye and heart disease, and possible mental defectiveness. In
addition, there was evidence that the type of defect was related to the time
when maternal rubella occurred; the highest risk was in the first trimester of
pregnancy.

Following the original reports by the Australians, observers in other
countries reported similar findings. Investigators approached the subject from
different viewpoints according to their own specialities. Carruthers (1945)
reported on severe deafness in the neonate. 6 Dogramaci and Green (1947)
described congenital heart disease. 16 In 1949, Kamerbee reported on progressive
deafness in the neonate, 23 and Mutrux observed retarded myelinization as an
effect of congenital rubella. 37 Other investigators have studied the short-term
and prolonged effects of congenital rubella in regard to temporal bone involve-
ment30 and cataracts and neurological damage. 57

The United States epidemic of rubella in 1963-1965 confirmed and expanded
on the defects observed previously. Rudolph et al., described heart and eye
defects. 48 Severe neurological disturbance was identified by Desmond et al., and
in 1973, Rorke47 described ischemic brain damage resulting from congenital rubella.

Isolation, Identification, and Association of Rubella with Congenital
Rubella Syndrome

The focus on rubella began with Gregg's observations in 1941 associating
maternal rubella with congenital abnormalities. The development of laboratory
techniques permitting specific diagnosis of rubella, however, did not occur until
some 20 years later. The rubella virus was isolated in 1962, independently, by
Weller and Neva61 using human amnion cell culture and Parkman and associates38

using African green monkey kidney cells. Subsequently in vitro studies by
Plotkin48 and Rawles45 have shown that rubella-virus-infected cells undergo
mitotic inhibition and chromosome breakage.

Selzer, 50 and Alford et al., 1 were successful in isolating rubella virus
from human fetal tissue, demonstrating for the first time a definitive etiologic
agent of the congenital rubella syndrome. Monif and Sever35 reported that rubella
virus could be isolated from a variety of clinical specimens, including throat
swabs, rectal swabs, cerebrospinal fluid, liver biopsy, and urine. In addition,
several investigators20'36'46, 48 have isolated rubella virus from the lens of the
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eye of congenitally infected fetuses. Hambridge et al., 20 reported that infants
with congenital rubella syndrome excrete rubella virus in the urine for many
months after birth, creating a potential source of contact infection.

Following the isolation of rubella virus in cell cultures, serological
techniques to detect immunity to rubella were rapidly developed. Parkman
et al., 40 described a virus neutralization test for detection of serum antibody.
It was shown that following infection with rubella virus, neutralizing antibodies
developed which persisted indefinitely conveying a high order of protection
against reinfection. Other diagnostic serological techniques have also been
described. Brown et al., 5 demonstrated that antibodies to rubella virus could be
detected by the immunofluorescence test. Sever et al., 52 described a complement-
fixation test for detection of immunity to rubella. A most significant finding
was reported by Stewart et al., 54 that rubella virus would agglutinate erythro-
cytes (hemagglutination) and that antibody to the virus would inhibit hemagglu-
tination. As with neutralizing antibodies, hemagglutination-inhibition (HAI)
antibodies appear at the end of the first week after symptoms of rubella, reaching
peak levels 10-21 days after onset and persist indefinitely. Consequently, for
diagnostic purposes, an acute serum sample is obtained at onset of symptoms, and
after two weeks a convalescent serum sample is obtained. A fourfold rise in anti-
body titer is diagnostic. During the years 1967-1969, several independent inves-
tigators 13, 18, 22, 29, 51 conducted comparative studies of diagnostic techniques for
detection of rubella. As a result, the HAI test has largely replaced the neutral-
ization, complement fixation, and immunofluorescence tests for determining immu-
nity status to rubella.

Tondury58 reported that the placenta plays a role in maternal-fetal trans-
mission of rubella. These observations were confirmed by Singer55 and extended
by Hancock, 21 who described the development of antibodies of the IgM type in the
newborn resulting from in utero infection. In considering the diagnostic impli-
cation of this finding, it is significant to note that antibodies of maternal
origin which cross the placenta are of the IgG type and the IgM antibody is of
fetal origin. Both IgG and IgM antibodies can be measured by the HAI test.
During the early postnatal months, the transplacentally acquired IgG is lost;
however, IgM production is continued. Therefore, the persistence of HAI anti-
bodies (IgM) through the first year of life supports the diagnosis of congenital
rubella.

A significant refinement of the HAI test was described by Cooper et al. 10

They found that heparin-manganese chloride treatment of sera would remove non-
specific inhibitors of rubella hemagglutination allowing a reliable detection
of HAI antibodies.

In 1970, the Center for Disease Control (CDC) recognized the need for
standardizing the rubella HAI test, and consequently formulated a standard pro-
tocol for the performance of the test based upon comparative studies among
several laboratories. 7
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Development of Vaccines

Following the isolation of rubella virus, impetus was provided to develop
a vaccine. Since rubella is generally a mild illness, the principal objective
of the vaccine is to prevent infection of the fetus and the resulting congenital
rubella syndrome.

In 1966, Parkman, Meyer, and associates39 attenuated rubella virus by 77
serial passages in primary African green monkey kidney (GMK) cell culture
(HPV-77). The first clinical vaccine trials were by Meyer et al., 34 using HPV-77
rubella strain as a vaccine. Subsequently, other attenuated rubella strains have
been derived from HPV-77, among which are HPV-77 passaged five times in duck
embryo fibroblast cell culture (HPV-77DE5) and HPV-77 passaged 12 times in dog
kidney cell culture (HPV-77DK12)• In addition, an attenuated rubella virus
strain (Cendehill) passaged 51 times in primary rabbit kidney cell culture has
been developed.

Experimental animal models for studies of rubella have not been particu-
larly rewarding, although congenital infection can be induced in the rhesus
monkey. 14-41 Prior to licensing of live attenuated rubella vaccine in 1969,
studies were conducted in the rhesus monkey. The findings were that the vaccine
virus did not cross the placenta.

Subsequent vaccine trials using HPV-77 rubella strain derivatives and
Cendehill strain have demonstrated that attenuated rubella vaccines do confer
seroconversion in approximately 95 percent of vaccinees. However, it is now
apparent that, contrary to the findings in rhesus monkeys, attenuated rubella
vaccine virus can cross the placenta and infect the human fetus. Vaccines virus
has been recovered from fetal tissue after accidental vaccination of pregnant
women17, 28, 42 and purposeful inoculation of vaccine virus in women about to
undergo planned abortions. 4, 5, 9

In 1971, the United States Public Health Service initiated a "Herd Immunity"
program. Because, in an epidemiological sense, children represent the major
"herd" of susceptibles that the virus requires to maintain itself, a general
inoculation of children ranging in age from one year to puberty was initiated.
However, outbreaks continued with cases in other unvaccinated age groups. An
epidemic occurred in 1971 in Casper, Wyoming, involving 1, 039 persons primarily
in two high schools and three junior high schools. 26 These findings have prompted
several authors to propose that the concept of herd immunity is invalid, and that
outbreaks among adolescents and adults demonstrate the inadequacy of childhood
vaccination. 3, 25, 26

Contribution of Human Fetal Research to the
Development of the Rubella Vaccine

Antecedent to the development of the rubella vaccine was the isolation of
rubella virus in African green monkey cells in culture. With the inherent risk
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to the fetus if infected with the wild-type virus, it was necessary to attenuate
the virus so that the immunizing properties of the virus would be retained while
at the same time eliminating the potential biohazardous nature of the rubella
virus.

The initial association between rubella virus infection in utero and the
development of congenital defects was derived from retrospective studies. The
first definitive relationship between in utero rubella infection and what is
termed the congenital rubella syndrome (CRS), occurred in 1963 when Selzer was
able to isolate virus from fetal tissue. 50 The involvement of the virus during
gestation was expanded with the description of both the role of the placenta in
maternal-fetal transmission by Tondury in 196658 and the isolation of IgM anti-
bodies in the newborn by Hancock in 1968. 21 It became clear, therefore, that
infection by rubella virus during early pregnancy could result in transplacental
passage of the virus with subsequent infection of the fetus. In utero infection
could then result in one or a number of congenital defects observable at or sev-
eral years after birth. This information could have been obtained only from
studies of the gravid female and fetal tissue.

As mentioned in the first paragraph, although the vaccine for rubella is
attenuated, it is still live. It, therefore, may still be hazardous to a sus-
ceptible fetus. To examine this possibility, the use of an experimental animal
model system would be ideal, so that the experimental work and associated risk
to humans would be unnecessary. To this end, the rhesus monkey was used. As
with the human, infection with wild-type virus of the pregnant rhesus monkey
results in transplacental passage of the virus with subsequent infection of the
fetus. However, infection of the pregnant rhesus monkey with attenuated vaccine
virus did not cross the placenta and, consequently, did not infect the fetus.
If there is to be any value derived from an animal model system, the information
should be able to be extrapolated to the human situation. However, a case has
been reported by Phillips et al., in 1970, 42 of a young woman who discovered she
was pregnant following voluntary entrance into a vaccination program. The vac-
cine was given at approximately three weeks gestation and the pregnancy terminated
at eight weeks. Rubella was successfully isolated from the decidua. Subsequently,
purposeful inoculation of pregnant women about to undergo planned abortions4, 59

and accidental vaccination of pregnant women17*28 have resulted in recovery of
vaccine virus from fetal tissue.

It appears, therefore, that reliance solely on information from animal
model systems could lull one into a false feeling of security. One is forced
to realize that the only way to either understand the biological behavior of a
virus in humans or assess the risk to humans associated with vaccination, is to
perform the studies in humans.

Had the fortuitous, accidental inoculation of pregnant women not been done
and had the results from the rhesus monkey studies been used to conclude the
safety of the vaccine in the pregnant female, exposure of pregnant women might
have had tragic consequences for fetuses otherwise destined for normal, uncompli-
cated development.
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Effect of a Retrospective Ban on Fetal Research

From what has been discussed previously, human fetal research has been
central to an understanding of the biological behavior of rubella virus and in
the definitive association between in utero rubella infection and congenital
abnormalities. Beyond this, it would have been impossible to define the rela-
tionship between gestational age and the consequences of rubella infection with-
out human studies. There is no animal model system in which the development of
the fetus in terms of size and function relationships is comparable to the human
model.

By the use of the rhesus monkey, the potential teratogenic activity of the
rubella virus vaccine was masked. This potential was realized only when the
virus vaccine was administered accidentally to pregnant women or intentionally
to pregnant women about to undergo planned abortion.

Also, because IgM antibody does not cross the placenta, the demonstration
of IgM specific for rubella virus in cord serum indicated an immune response by
the fetus following direct exposure to the rubella virus. This finding and its
correlation with potential congenital rubella syndrome could have been made only
by an analysis of the human model.

Although vaccine development could have been accomplished without the use
of human subjects, the need for its development would have never been recognized
without the human studies that definitively linked in utero rubella infection
with congenital abnormalities.

It would be unfair if one did not concede that there are animal model sys-
tems for a variety of general viral infections, and that they themselves teach
some remarkable biology. However, it would be equally unfair and perhaps tragic
to conclude that the response of animals to a particular virus infection is the
same as the response of the human to the same virus.

The original association between in utero rubella infection and congenital
abnormalities was made either retrospectively or by examining fetal tissue from
spontaneous abortions. Only the accidental vaccination of pregnant women or
intentional vaccination of pregnant women about to undergo planned abortions fall
into the area that is considered "research on living human fetuses. " However,
without these latter studies, the risk to the fetus attendant to vaccination of
the pregnant woman would not have been recognized.

Future Outlook

With regard to the future of rubella vaccination as an effort to prevent
the congenital rubella syndrome, there are several areas of concern which need
to be addressed. These areas of concern clearly dictate what needs to be done
if further research is permitted.
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(1) Because pharyngeal shedding of the vaccine virus occurs,
is there a risk to the fetus if unvaccinated pregnant
women become infected from a vaccinated child?

(2) Although spread of virus by this route may be uncommon,
the relationship between a mother and her young vacci-
nated child may present a unique epidemiological setting.

(3) Although vaccinated children with high levels of antibody
are resistant to clinical evidence of rubella infection
when challenged with wild-type virus, virologic evidence
of reinfection is clear from isolation of challenge virus
in pharyngeal secretions.

The question, therefore, is what is the threat to pregnant women upon
contact with an asymptomatically reinfected child? In addition, are there other
criteria of immunity that would be more useful in predicting susceptibility to
reinfection following immunization?

It was thought from epidemiologic studies that the risk of rubella embry-
opathy is essentially confined to infants whose mothers have suffered clinically
manifest rubella during pregnancy. 31, 32, 49, 53 It is reasoned, therefore, that
because vaccine-induced antibodies have reliably prevented clinical rubella after
natural or artificial challenge, the fetus of a mother, whose rubella immunity is
vaccine induced, would be protected, even if the mother were infected during preg-
nancy. However, recent evidence suggests that subclinical infection of the preg-
nant female with rubella virus can also result in congenital abnormalities.

The uniqueness of the rubella vaccine lies in its purpose; not to protect
the recipient from disease, but rather to protect a hypothetical fetus, which
may not be conceived for many years after vaccination, from infection and defor-
mity. To this end, there has been no test of its effectiveness in accomplishing
its purpose—the prevention of embryopathy. This question could be addressed by
studies on women who, for a variety of reasons, would have their pregnancies
voluntarily terminated. If further research were permitted, effects of virus
challenge could then be evaluated on the aborted fetus.

Therefore, the use of rubella vaccine could be very effective, and its
future bright, in preventing the congenital rubella syndrome. However, before
its usefulness can be assessed with any degree of reliability, the above men-
tioned points need to be clarified. The only way to clarify these points is to
study the human fetus. If further human fetal research is permitted, progress
can then be made to determine if the rubella vaccine can accomplish its stated
purpose— to prevent virus-induced embryopathies.
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AMNIOCENTESIS

Medical Significance

Amniocentesis may be defined as a technique for obtaining amniotic fluid
by inserting a needle into the amniotic cavity. This technique may be performed
in the early second trimester for purposes of detecting genetic defects; for
purposes of removing amniotic fluid, subsequently followed by the injection of
an abortifacient for midtrimester abortion; or in the third trimester for the
detection of hemolytic disease, fetal distress, or fetal maturity.

The intrauterine diagnosis of amniotic fluid and cells is assuming
increasing importance in the management of developmental, metabolic, and cyto-
genetic defects in the fetus because fetal abnormality represents an important
cause of perinatal mortality and morbidity. The primary indications for using
amniocentesis can be categorized into fetal and maternal116 as shown by the fol-
lowing outline.

A. Fetal indications for amniocentesis

1. Sex-linked disease

2. Chromosomal abnormalities

3. Inborn errors of metabolism

4. Rh isoimmunization

5. Fetal maturity determination

6. Fetal distress.

B. Maternal indications for amniocentesis

1. Polyhydramnios

2. Abortion

a. Therapeutic
b. Elective.

Each of the above indications will be described below.

Because amniocentesis is a surgical procedure, the procedure itself, its
timing and possible complications are of great importance. Accordingly, such
information has been included as an appendix to this report. Also included in
the appendix is a discussion of amniography, ultrasonography, amnioscopy, and
fetoscopy which are adjuncts to or outgrowths of amniocentesis.
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Fetal Indications for Amniocentesis

1. Sex-Linked Disease. It has been shown that the cells in the amniotic
fluid, unless contaminated by maternal blood, are of fetal origin. 47-74 These
fetal cells can be examined to determine the sex of the fetus, which is of major
importance if the familial history indicates that the pregnancy involves the
possibility of a sex-linked genetic disorder through familial history. Sex
determination is useful in genetic disorders because the disorder is associated
with the recessive gene located on the human X-chromosome. The more common
X-linked diseases are shown in Table 1.

Table 1. Common X-Linked Disorders

1.

2.

3.

4.

5.

6.

Hemophilia

Duchenne's Muscular

Nephrogenic Diabetes

Hunter's Syndrome

Lesch-Nyhan Syndrome

Fabry'e Disease

Dystrophy

Insipidus

Of these X-linked disorders, only the Lesch-Nyhan syndrome, Hunter's
syndrome, and Fabry's disease can be diagnosed in utero via amniocentesis.
Since the mutant gene for the sex-linked disease is carried on one of the X-
chromosomes of the female, transmission of the recessive X-linked disease is
from a female carrier to an affected male. Thus, a woman carrier transmits
the mutant gene to half of their daughters (also carriers) and to half of their
sons, who will be affected. 84 As a result of these recessive sex-linked dis-
eases and their manifestations, the diseases are confined almost exclusively
to the male population. Amniocentesis serves a very important need in the
detection of these male fetuses, who are being carried in suspected women car-
riers, because they have a 5O percent risk of being affected. 59

2. Chromosomal Abnormalities. Numerically, the major indication for
amniocentesis in the second trimester of pregnancy is to identify chromosomal
anomalies. The more common chromosomal anomalies which can be detected by
amniotic fluid cell cultures and karyotyping are identified in Table 2.

Chromosomal anomalies can reflect either an absence of chromosomal mate-
rial (Turner's syndrome) or an excess as shown by the other abnormalities. In
trisomies, one of the explanations for a chromosomal gain is nondisjunction, or
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a failure of the gamete to split equally during the meiotic division. However,
if nondisjunction occurs during mitosis and after fertilization, the result is
an individual with cells of two or more different chromosomal constituents,
i. e., a chromosomal mosaic. 56

Table 2. Chromosomal Aberrations Detectable by Amniotic
Fluid Cell Culture and Karyotyping54

1.

2.

3.

4.

5.

6.

7.

8.

Down's Syndrome

Trisomy 21
Translocation D/G

Turner's Syndrome (XO)

Klinefelter's Syndrome

Trisomy 18 (E group) or

Trisomy 13-15 (D group)

Cri du chat Syndrome 46

XXX females

XYY males

(XXY)

Edward's Syndrome

or Pataus' Syndrome

(Bp)

Significant chromosomal abnormalities have been estimated to occur about
once in every 200 live births. Over 700, 000 infants with such abnormalities
are being born each year worldwide. Of this number, 20, 000 such infants are
born in the United States alone. *4 The most frequently encountered chromosomal
aberration is mongolism (Down's syndrome), with the incidence of this abnormal-
ity dependent upon the age of the mother. With such a large number of infants
being born each year with a chromosomal abnormality, the use of amniocentesis
to diagnose these abnormalities in utero, especially in high risk patients, is
becoming an accepted clinical practice.

3. Inborn Errors of Metabolism. The metabolic diseases (inborn errors
of metabolism) may be diagnosed from amniotic fluid, cultured amniotic fluid
cells, or uncultured amniotic fluid cells. As Milunsky points out, 84 "Progress
has basically occurred in a stepwise fashion from the study of disorders in vivo
to the delineation of specific abnormalities in tissues, to the recognition of
these abnormalities in cultured skin fibroblasts, leukocytes, and finally cul-
tured amniotic fluid cells. "
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Critical to the prenatal diagnosis of these metabolic diseases is the
assumption that cultured skin fibroblasts or amniotic fluid cells will continue
to demonstrate the specific characteristics of that disease throughout succes-
sive cultures. This is critical because the metabolic diseases are usually
identified by a particular deficient or reduced enzyme activity or by a spe-
cific accumulating storage substance. The assumption that cultured amniotic
fluid cells do retain their enzymatic activity through successive cultures
appears to be valid. Thus, the metabolic disorders identified to date, involving
either amniotic fluid, cultured amniotic fluid cells or noncultured amniotic
fluid cells, number 16 with the possibility of identifying 15 more. 54 These are
given in Tables 3 and 4. A more recent estimate suggests more than 40 biochem-
ical disorders can now be diagnosed in utero. *

Table 3. Metabolic Disorders Diagnosed Prenatally To Date54

1.

2.

3.

4.

5.

Disorder

Disorders of Lipid Metabolism

(a)

(b)
(c)
(d)
(e)
(f)

Gm, gangliosidosis (Tay-Sachs)

Metachromatic leukodystrophy
Krabb's disease
Niemann-Pick disease, Type A
Gaucher's disease
Fabry's disease

Mucopolysaccharidosis

(a) Hurler's syndrome

Aminoacid Disorders

(a)
(b)

Maple syrup urine disease
Methyl malonic aciduria

Disorders of Carbohydrate Metabolism

(a)

(b)

Glycogen storage disease Type II
(Pompe's disease)
Galactosemia

Miscellaneous

(a)
(b)
(c)

(d)
(e)

Adrenogenital syndrome
Lesch-Nyhan syndrome
Lysosomal acid phosphatase
deficiency

Cystic fibrosis
Marfan's syndrome

Diagnosis Made From

Noncultured amniotic fluid cells
Cultured amniotic
Amniotic fluid
Cultured amniotic
Cultured amniotic
Cultured amniotic
Cultured amniotic
Cultured amniotic

Cultured amniotic
Amniotic fluid

Cultured amniotic
Amniotic fluid

Cultured amniotic
Amniotic fluid
Cultured amniotic

Amniotic fluid
Cultured amniotic

Cultured amniotic
Cultured amniotic
Cultured amniotic

fluid cells

fluid cells
fluid cells
fluid cells
fluid cells
fluid cells

fluid cells

fluid cells

fluid cells

fluid cells

fluid cells

fluid cells
fluid cells
fluid cells

15-28



Table 4. Metabolic Disorders in Which Prenatal
Diagnosis Should be Possible54

Disorder Enzyme Located In

1. Disorders of Lipid Metabolism

(a) Gm1 ganliosidosis
(b) Refsum's disease

2. Mucopolysaccharidosis

(a) Hunter's syndrome

3. Aminoacid Disorders

(a) Arginosuccinic aciduria
(b) Cystinosis
(c) Homocystinuria
(d) Hyperammonemia, Type II
(e) Ornithine-a-ketoacid trans-

aminase deficiency

4. Disorders of Carbohydrate Metabolism

(a) Fucosidosis
(b) Glycogen storage disease,

Type III
(c) Glycogen storage disease,

Type IV
(d) Mannosidosis
(e) G6PD deficiency

5. Miscellaneous

(a) Orotic aciduria
(b) Xeroderma pigmentosum

Cultured amniotic fluid cells
Amniotic fluid
Cultured amniotic fluid cells

Cultured amniotic fluid cells
Amniotic fluid

Cultured amniotic fluid cells
Cultured amniotic fluid cells
Cultured amniotic fluid cells
Noncultured amniotic fluid cells

Cultured amniotic fluid cells

Cultured amniotic fluid cells

Cultured amniotic fluid cells

Cultured amniotic fluid cells
Cultured amniotic fluid cells
Noncultured amniotic fluid cells

Amniotic fluid
Cultured amniotic fluid cells

Although each one of these metabolic diseases is relatively rare in the
general population, some inherited disorders of metabolism may occur with an
estimated frequency as high as one in 100 live births, *4 In addition, once there
is an affected individual in a particular family, the condition becomes preva-
lent in that family because most of the inborn errors of metabolism are inherited
as autosomal recessives and the risk of an affected offspring is, therefore, one
in four in a given sibship. Thus, if both parents were carriers of a specific
inborn error of metabolism, the fetus could be monitored via amniocentesis.
Eventually, in some of the inborn errors of metabolism, therapy for the fetus
might be theoretically possible, either directly or via the mother.
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4. Rh Isoimmunization. Ever since the demonstration of the relationship
between pigment content of the amniotic fluid and the severity of hemolytic dis-
ease of the newborn, amniotic fluid analysis has become a standard procedure in
the management of the rhesus sensitized pregnant woman. 65 There is little argu-
ment that this observation popularized amniocentesis in the United States. 116

However, with the development of Rh vaccine, hemolytic disease in the newborn
is now almost totally limited to Rh-negative women who were sensitized prior to
the availability of Rh vaccine and to the small percentage (2 or 3 percent) of
Rh-negative women who become sensitized without apparent cause. 56

Maternal isoimmunization presents a varied pathologic and clinical mani-
festation of the hemolytic disease syndrome in either the fetus or newborn.
When maternal antibodies (Rh-positive) gain access to the fetal circulation,
they are adsorbed upon the Rh-negative erythrocyte. These adsorbed antibodies
act as hemolysins which cause the breakdown of the fetal red blood cells with
the resultant erythroblastotic fetus.

With the discovery that the height of the spectrophotometric peak at
450 my (corresponding to unconjugated bilirubin) correlated well with the sever-
ity of the fetal hemolytic condition, it became possible to treat the erythro-
blastotic fetus via intrauterine blood transfusions. Because the intrauterine
determination of the fetal blood groups is possible, it is now possible to match
the fetus's blood group with the planned intrauterine blood transfusion.

A recent advance in regard to intrauterine transfusions has been the
association of the estriol concentration in amniotic fluid with fetal well-being.
It has been demonstrated that an increase in amniotic fluid estriol levels cor-
relates well with increased fetal survival. In conclusion, the role of amnio-
centesis in the past treatment of erythroblastosis fetalis is apparent, but the
value of the technique in this instance should be decreasing with the advent of
the vaccine.

5. Fetal Maturity Determination. Another indication for amniocentesis
is to determine the gestational age, since there are conditions where it is
desirable to terminate the pregnancy prematurely to assure the viability of
that fetus. The determination of gestational age would be warranted in a dia-
betic pregnancy, in erythroblastosis fetalis, in severe preeclampsia, or in a
prolonged pregnancy. 46

Other methods such as examining the external uterus, ultrasonography,
fetal electrocardiograms, placental biopsies, measurements of the urinary
estriol excretion, amniography, fetal encephalography, and auscultation of the
fetal heart have not always provided the desired information about the fetus. 46

As a result, recent attention has been directed toward the amniotic fluid for
providing an indication of fetal maturity. The four principal methods which
have been used to date include:

(1) The spectrophotometric analysis of amniotic fluid for
bilirubin

(2) The measurement of amniotic fluid creatinine
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(3) The detection and staining of exfoliated fetal cells
from amniotic fluid

(4) The lecithin/sphingomyelin ratio in amniotic fluid.

The association of fetal maturity and the disappearance of bilirubin in
unsensitized pregnancies was noted by Mandelbaum et al. 76'77 They observed
a precipitous decline and disappearance of the absorbance bulge at 450 my at
36 to 38 weeks' gestation. The second method, involving creatinine determina-
tion in the amniotic fluid, has shown that with increasing fetal age, there is
also an increase in the amniotic fluid creatinine. The concentration of creat-
inine remains almost constant or gradually increases from 32 to 36 weeks, after
which there is a more marked increase. Thus, in contrast to creatinine, the
bilirubin concentration is highest in midtrimester and thereafter decreases in
a linear manner until it virtually disappears at 36 or 37 weeks. 59 Recently,
Foulds and Pennock39 have shown that the creatinine method is probably unreliable
for estimating fetal maturity in clinical practice.

A third method for determining fetal maturity is to stain the exfoliated
cells obtained in amniotic fluid. The lipid-containing cells of the amniotic
fluid, upon staining with Nile blue sulfate, are seen as orange-colored cells.
The concentration of these cells usually increases markedly after 36 weeks
gestation, and the presence of greater than 50 percent of the cells stained
orange usually indicates the gestation is at term. 94

A fourth method for determining fetal maturity involves determining the
lecithin/sphingomyelin ratio in amniotic fluid. This ratio is of importance in
defining the fetus's pulmonary maturity since a frequent consequence of premature
birth is the respiratory distress syndrome. In 1971, Gluck et al., 51 suggested
that surface-active phospholipids may come from the fetal lung. In addition, he
suggested that there are two metabolic pathways for lecithin production and that
the more mature and stable pathway becomes dominant about the thirty-fourth to
thirty-fifth week. This pathway is associated with an increase in the amount of
lecithin in relation to sphingomyelin found in the amniotic fluid. Thus, if the
lecithin/sphingomyelin ratio is 2. 0 or greater prior to delivery, it is rare to
have a neonate die from hyaline membrane disease. On the other hand, if the level
is below 1. 5, there is a 5O percent chance (without special neonatal care) that
the neonate will die from hyaline membrane disease, since the incidence of hyaline
membrane disease decreases markedly after 34 to 35 weeks' gestation. 42

6. Fetal Distress. For many years, the presence of meconium in the
amniotic fluid was associated with fetal distress. However, transabdominal
amniocentesis for the detection of meconium staining of the amniotic fluid did
not become popular until 1962. 65 Even then there was limited use of meconium
staining as an indicator of fetal distress because the mechanism provoking the
release of meconium by the fetus was not fully understood. Thus, a meconium-
stained amniotic fluid is not a very accurate diagnostic procedure prior to
labor but can be a reliable screening method for higher risk cases. 65

In 1962, Saling103 introduced the technique of amnioscopy. Its value was
in observing the amniotic fluid directly for meconium staining in certain
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high-risk pregnancies. Thus, compared to amniocentesis, it was more convenient
to use but it suffered from the disadvantage of inability to assess the color
as accurately as via amniocentesis. The yellow color of bilirubin is very
obvious, but the color may be confused with hemoglobin so that spectrophoto-
metric analysis must be the basis of clinical judgment. 38

Maternal Indications for Amniocentesis

The maternal indications for amniocentesis are polyhydramnios18 and either
a therapeutic or elective abortion. Polyhydramnios refers to the excessive
accumulation of fluid in the amniotic cavity. At term, the normal volume of
amniotic fluid is 1. 0 to 2. 0 liters. However, in polyhydramnios, the volume of
fluid is greater than 2. 0 liters and is often excessive. More importantly, the
incidence of fetal malformations, especially those of the central nervous system
and gastrointestinal tract, are extremely high when polyhydramnios is present.
There is no satisfactory treatment for polyhydramnios other than removal of the
excess fluid. This can be accomplished via abdominal amniocentesis and the
main objective is to relieve the patient's distress or to avoid the uterine
dysfunction which usually accompanies labor in the presence of hydramnios. 56

However, withdrawal of fluid via amniocentesis may lead to premature labor.

Although amniocentesis as a procedure is usually thought of in terms of
removing amniotic fluid, there are situations in which fluid is instilled
directly into the amniotic cavity, either for diagnostic (amniography) or thera-
peutic purposes. This might be the case when an abortion is considered. In the
former case, amniocentesis might be performed twice, once to diagnose a suspect
genetic disease and again to withdraw large amounts of amniotic fluid that is
subsequently replaced by an abortifacient to induce an abortion. 72 In the latter
case, no prior amniocentesis need be performed, but the procedure itself is iden-
tical to that described for a therapeutic abortion.

As can be seen from the above, there are many indications for using amnio-
centesis in prenatal care, either as a diagnostic aid or for carrying out a
therapeutic procedure. The risks and complications associated with amniocentesis
are relatively rare (the current work estimate is 1 to 2 percent), but these
risks and complications must be weighed against the indications for using the
procedure.

An indirectly associated parameter which also must be evaluated in employing
amniocentesis is the accuracy of the diagnostic technique being performed. The
diagnostic accuracy of a test can be affected by the cell origin, cell growth
in culture, or the culture medium. 84, 102, 106

Difficulties can be encountered in the utilization of amniotic fluid
per se. These difficulties include (1) the possibility of maternal blood admix-
ture which could lead to errors in the interpretation of many different enzyme
analyses, (2) the amniotic fluid may become contaminated with bacteria, (3) vari-
ations in amniotic fluid cell number and viability, especially the uncultured
cells, may lead to an unreliable diagnostic test, (4) changing protein content
in the amniotic fluid with gestational age makes a biochemical analysis diffi-
cult if it requires expression per milligram of protein, and (5) the unknown
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quantity and quality of fetal urine in early gestation further complicates the
use of amniotic fluid alone in making a prenatal diagnosis. *4

Some of the more common difficulties encountered in working with cells
from amniotic fluid are as follows: (1) at different stages of gestation, the
cells may show enzyme activity changes; (2) cultured cells divide every 16 to
30 hours, in contrast to the generation time of 30 to 90 days in the living
organism; (3) cyclical changes in enzyme activity have been observed; (4) meta-
bolic activity of the cells may be profoundly affected during the initial
establishment of a culture, since there is a lag phase in establishing a cul-
ture; (5) long periods of time may be required to grow sufficient amniotic
fluid cells; (6) the culture medium and serum used to grow the cells may effect
the cellular enzyme activity; and (7) since trypsin remains the most effective
agent for cell dissociation aimed at primary isolation or passage of cells in
vitro, the toxic effects of trypsin must be taken into account. 84

It would appear that even with all these factors which might affect the
accuracy of the prenatal diagnosis, the accuracy of diagnosing a particular
genetic defect has been relatively high, i. e., greater than 90 percent. 89 In
another study, only ten errors were made in a total of 1, 633 cases studied. *4

Of these ten errors, the fetal sex was inaccurately diagnosed in seven cases,
but none of these cases involved X-linked diseases. However, fetal sex deter-
mination is now almost 100 percent diagnosable with the advent of the fluores-
cent acridine derivative for staining chromosomes which now complements the
Barr-body technique.

An Example of the Impact of Amniocentesis In Diagnosing a Significant
Congenital Disorder

Although there are minimal risks and complications associated with amnio-
centesis, as pointed out in an earlier section, the impact of amniocentesis as
a diagnostic aid in the management of congenital disorders is significant.

Of the known chromosomal aberrations, the most frequently encountered is
Down's syndrome or mongolism. This abnormality has an especially high risk with
advancing maternal age. Bodensteiner and Zellweger14 performed a study on mon-
golism in 1971 in which they calculated the incidence of mongolism for the
state of Iowa (approximately 3 million population with 50, 000 live births/year).
In their study, five groups of women were identified with a high risk for
mongolism (Table 6).

Table 6. Groups of Women Identified as Possessing
A High Risk for Down's Syndrome 14

1. Women 40 years of age and over
2. Women 35-40 years of age with a previous mongoloid child
3. Mongoloid women
4. Parental mosaicism with a 21 trisomic cell population
5. Familial translocation (G/G and D/G)
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Of the above five groups, only the first two contribute significantly to
the incidence of mongolism. In the first group (women 40 years of age and over),
they found that about 2 percent of the children born would be mongoloid. In
this group there was an average of 1000 births per year (with a defect incidence
rate of 1 per 5O live births), which meant 20 cases of mongolism could be
detected in this group per year.

In the second group, the mongolism incidence of all mothers in the age
group (35-39 years) is approximately 1 per 250 live births. However, if the
mother has given birth previously to a mongoloid child, the incidence increases
to 1 per 80 live births. In the Iowa study, there were approximately 6, 000
births out of the total 50, 000 live births per year which were born to mothers
in the age group (35-39 years). Of this total only 40 mothers had previously
given birth to a mongoloid child so that every two years one case of mongolism
could be detected in this group.

There are, however, many practitioners who feel that even mothers 35-39
years old should be considered in the "high risk" group and should not simply
be confined to a mother in this age group who has previously given birth to a
mongoloid child. If one accepts this statement, then in the Iowa study, there
would have been 20 more cases of mongolism detected since the incidence for all
mothers in this age group is 1 per 250 live births.

In summary, Bodensteiner and Zellweger14 have shown that according to their
classification, the advance detection of 20 cases of mongolism per year would be
possible via amniocentesis. If group two were expanded to include all mothers
35-39 years of age, a total of about 45 cases of mongolism could be detected.
Extrapolation of the Iowa statistics, which are probably consistent with the
national average, would suggest that approximately 2, 880 children with Down's
syndrome could be detected each year (assuming 3. 2 million births/year).

It has been estimated that if these defective children were institution-
alized, the cost to society each year would be $17, 500, 000 ($6100/year/case)84

while the cost of routinely providing amniocentesis and prenatal genetic studies
to the 448, 000 patients which would produce the 2, 880 children with Down's syn-
drome would be approximately $67 million. If all positively diagnosed cases
were aborted at a cost of $400 per procedure, the additional cost would be about
$1. 2 million. However, if one assumes an average life expectancy for the defec-
tive child of 50 years, the cost of caring for 2, 880 individuals over that time
span would be almost $875 million dollars. Thus, each year with the birth of
a similar number of mongoloid children, a future commitment of $875 million per
year is created, versus $68. 2 million per year to diagnose all high risk preg-
nancies and abort those positively diagnosed. It should be kept in mind that
these figures are for Down's syndrome only and that there are about 6, 100 seri-
ously defective offspring per year based on 3. 2 million live births per year. 84
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Historical Account

Amniocentesis as a case differs from the others studied here in that it
is a procedure used primarily as a prelude to a diagnostic procedure, whereas
the other cases involved the development of a therapeutic or prophylactic treat-
ment. Comparatively little research in the strictest sense has been done on
amniocentesis as a procedure. In view of this, we have chosen to emphasize the
key ancillary procedures which have been developed and used in conjunction with
amniocentesis and the use and application of the procedure as it relates to
fetal diagnostic tests and therapeutic methods.

Key Ancillary Procedures

In 1882, Schatz104 introduced the concept of puncturing the amniotic cavity
by the transabdominal route for therapeutic purposes, i. e., the removal of fluid
in polyhydramnios. Thus was born the idea of amniocentesis. The first ancillary
procedure to be used in conjunction with amniocentesis occurred in 1930 when
Menees et al., 80 injected strontium iodide into the amniotic cavity. By employ-
ing amniocentesis, they developed amniography which permitted the visualization
of fetal soft parts and localization of the placenta. They also noted that
amniography could be of value in diagnosing placenta praevia and determining
the exact relation of the placenta to the cervical canal.

Although meconium staining of the amniotic fluid had been known to be a
sign of fetal distress, the use of amniocentesis for the detection of meconium
staining did not become popular until Kubli's work in 1962. 65 In addition to
using amniocentesis for identifying meconium stained amniotic fluid, Saling, 103

in 1962, introduced amnioscopy. This technique employed an endoscope that
could be introduced through the dilating cervical canal at term. After passage
through the cervical canal, the amniotic fluid could be examined directly
through the intact membranes to demonstrate the presence of meconium and moni-
tor fetal distress. However, it suffered from the major disadvantage that
fluid was not collected via this procedure. Thus, one could not perform bio-
chemical or photometric evaluations on the amniotic fluid.

A recent outgrowth of amnioscopy, fetoscopy—the transabdominal insertion
of an endoscope into the gravid uterus—has been developed. 125 This useful
diagnostic tool allows the clinician to visualize the intrauterine contents
and make clinical diagnoses based on the information obtained.

Intrauterine blood transfusions for treatment of fetal hemolytic disease
is an ancillary procedure developed as a consequence of amniocentesis. However,
this topic is discussed under a subsequent section on Rh isoimmunization.

The demonstration by Gottesfeld in 1966" that ultrasound could be used
to localize the placenta prior to amniocentesis will probably be one of the key
developments in reducing the risks and complications associated with amniocen-
tesis. In their study, the use of ultrasound correctly predicted the position
of the placenta in 97 percent of the cases.
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Significant Events as Regards Diagnostic Tests and Therapeutic Methods

Rh Isoimmunization. The chronological events which would relate directly
to amniocentesis in diagnosing and treating fetal hemolytic disease was initi-
ated by the discovery of the Rh antigen, so called because it was found origi-
nally on the red cell of the rhesus monkey, by Landsteiner and Weiner. 67 In
1940, they reported that the erythrocytes of 85 percent of a group of Caucasians
reacted positively with the antirhesus serum, whereas 15 percent did not. Thus,
the former group contained the antigen and were termed Rh positive while those
that did not, were referred to as Rh negative.

In 1956, Bevis11 postulated that the severity of hemolytic disease could
be determined by measuring the "blood pigments" present in amniotic fluid.
The specific blood pigments measured were bilirubin and oxyhemoglobin and their
concentration in the amniotic fluid indicated the degree of hemolysis which was
occurring in the fetus.

When Coombs et al., 21 in 1956 introduced a technique for detecting blood
group antigens on epidermal cells, by specific mixed agglutination, they opened
a pathway for the detection of fetal antigens via amniotic fluid cells. That
same year, Fuchs et al., 48-44 developed a method for the determination of the
fetal ABO blood groups in amniotic fluid. They found that it was possible to
detect A and B antigens in the amniotic fluid cells which were of fetal origin.

In 1957, Walker123 expanded on the clinical application of Bevis' technique
by examining the spectral absorption curves of amniotic fluid in rhesus sensi-
tized patients. He claimed that it was possible to predict which babies were
affected by hemolytic disease provided the amniotic fluid was obtained prior to
the thirty-fifth week. This development led to Liley's findings69 in 1961, where
he confirmed Bevis' and Walker's techniques, that the spectral absorption curve,
of liquor amnii presents diagnostic features in hemolytic disease and shows that
the size and progress of the characteristic peak at 450 my reflects the severity
of anemia. In addition, Liley was able to show that the size and trend with
maturity of the 450 my peak provided an indication of the severity of anemia and
prognosis for the fetus.

The refinement in prognostic precision of pregnancies complicated by rhesus
sensitization led Liley in 1963 70 to try the first intrauterine transfusion of
blood into the fetal abdomen.

As a result of the successful intrauterine transfusions, Liley in 196571

suggested that Rh isoimmunization could be readily managed via amniocentesis
and intrauterine fetal blood transfusions. His experience suggested "that
fetal transfusion could ensure survival of some 70 percent of otherwise fatally
affected erythroblastotic babies, but that survival falls to zero if treatment
is delayed until the development of gross hydrops and ascites. " This became
a landmark development in the history of amniocentesis.

Genetic Defects. In 1949, Barr and Bertram8 demonstrated that neurons
obtained from the brain, spinal cord or sympathetic ganglia of mature cats of
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both sexes could be readily sorted into two groups even without prior knowledge
of the sex. This observation set the stage for human sex determination in fetal
cells.

In 1955, Marberger et al., 78 and Moore and Barr87 demonstrated that sex
chromatin could also be detected in desquamated cells from mucous membranes.
This discovery precipitated the idea that the cells of the amniotic fluid might
indicate the sex of the fetus. Toward the end of 1955, within a period of five
weeks, four groups of investigators independently developed the antenatal deter-
mination of fetal sex in amniotic fluid. 111, 110, 47, 74 This development was to be
very significant as regards the use of amniocentesis for the prenatal diagnosis
of sex-linked diseases. Finally, in 1960, Riis and Fuchs" obtained amniotic
fluid for the antenatal sex determination from two mothers who" were carriers of
an X-linked disease (hemophilia). Although, in both cases, the fetal sex deter-
mination on the amniotic fluid indicated a girl fetus, this was the prelude to
using amniocentesis to diagnose a prenatally heritable disease.

The first inborn error of metabolism was diagnosed via amniocentesis in
1965. Jeffcoate et al., 63 showed that the adrenogenital syndrome could be ana-
lyzed in the amniotic fluid via the concentration of pregnanetriol at term from
affected pregnancies. However, a more recent study82 has shown that the disease
cannot be predicted during early or midpregnancy. Then, in 1966, another major
landmark occurred in the history of amniocentesis. This was the successful cul-
turing of fetal amniotic fluid cells by Steele and Breg112 and Thiede et al., 117

in sufficient quantity to permit karotyping of the cells. In addition, this
would pave the way for studying other inborn errors of metabolism since many
of these diseases would be identified by measuring the absence of enzyme activ-
ity in cultured cells. In addition, during that same year Danes and Beam 2 5

demonstrated that mucopolysaccharide storage disorders could be identified by
measuring the intracellular metachromasia in tissue cultures from patients suf-
fering from this disease. This would open the way for the intrauterine diagnosis
of these and related disorders.

In 1967, Jacobson and Barter 62 published an article which postulated the
management of genetic defects via amniocentesis. They made the intrauterine
diagnosis of a D/D translocation carrier at 17 weeks gestation after they had
shown the mother to be a D/D translocation carrier. In their study, although
the D/D translocation had been identified and the fetal cells karotyped, the
mother elected to carry the pregnancy to term.. Postnatal studies confirmed the
correct diagnosis of the fetus, i. e., a D/D translocation carrier. Earlier,
two simultaneous abstracts by Jacobson61 and Turner 120 had shown that the pre-
natal diagnosis of chromosomal translocations could be of definite assistance
in the management of genetic defects.

These studies were followed by the first therapeutic abortion of a Down's
syndrome fetus by Valenti et al., in 1968. 122 The fetal cells, obtained from a
balanced carrier of a D/G chromosome translocation during the eighteenth week of
pregnancy, were analyzed after 22 days of in vitro cultivation. The karotypes
indicated a D/G fusion chromosome characteristic of Down's syndrome. The preg-
nancy was interrupted on this basis and a male fetus was delivered which showed
the dermatoglyphic and anatomic changes compatible with the prenatal diagnosis.
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That same year Nadler 88 successfully diagnosed Down's syndrome at 10 weeks'
gestation by chromosome analysis of cultivated amniotic fluid cells obtained
just prior to the therapeutic abortion.

As can be seen from the foregoing paragraphs, the use of amniocentesis
in the prenatal diagnosis of genetic defects was expanding rapidly. Additional
significant events in 1968 and 1969 included the following: (1) the in utero
identification by Fujimoto et al., 49 of a fetus heterozygous for the Lesch-
Nyhan syndrome, an X-linked metabolic disease. This was identified via cultured
amniotic fluid cells; (2) the first diagnosis of an inborn error of metabolism
(galactosemia) in cultured amniotic fluid cells by Nadler. 88 The significance
of this development was that the inborn error was identified by showing the
absence of normal enzyme activity in the cultured cells; 43 (3) the first intra-
uterine diagnosis of Hurler's and Hunter's syndrome in cultured amniotic fluid
cells by Fratantoni et al. 40 Both of these syndromes involve genetic disorders
of mucopolysaccharide metabolism with Hurler's syndrome being an autosomal reces-
sive disease and Hunter's syndrome, an X-linked recessive disease; and (4) the
in utero detection of Type II glycogenosis (Pompe's disease) by Nadler and
Messina91 on uncultured amniotic fluid cells. They point out that the ability
to use uncultured cells for the detection of enzyme activity (i. e., the absence
of a-l, 4-glucosidase activity in fetal cells) permits rapid identification of
the affected fetus, drastically reduces the time interval between amniocentesis
and diagnosis, and obviates the need for specialized tissue culture technique.

The use of amniocentesis in prenatal genetic diagnosis expanded rapidly
during the sixties. The significant events since 1969 include the following:

(1) The prenatal diagnosis of Tay-Sachs disease (a Gm2 ganglio-
sidosis disease) by Schneck et al., in 1970. 104

(2) The demonstration by Holenberg et al., 58 in 1971 that human
fetuses could synthesize hemoglobin A suggested that genetic
counseling for disorders of hemoglobin (i. e., sickle cell
anemia and homozygous beta thalassemia) might be possible.
Kan et al., 64 in 1972 extended this observation by detecting
the sickle cell trait in a 15-week-old fetus of a mother who
also had the sickle cell trait. In their studies, blood
was either obtained from the umbilical cord of the fetus
at the time of therapeutic abortion or from the placenta,
obtained accidentally during amniocentesis for Rh incompat-
ibility at the end of the eighth month of pregnancy.

(3) The discovery by Brock and Sutcliffe15 in 1972, that a cor-
relation exists between a raised a-fetoprotein level in the
amniotic fluid and severe neurological defects in the fetus.

Fetal Maturity. Amniocentesis has been used for determining fetal matur-
ity and the significant chronological events include the following:

CD The method of Brosens and Gordon in 1966 16 for estimating
fetal maturity via the cytologic examination of the amniotic
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fluid. They were able to determine the percentage of
amniotic fluid cells, i. e., cells containing lipid sub-
stances stained orange when exposed to Nile blue sulfate.
An increase in the percentage of cells taking this stain
was observed after 38 weeks' gestation.

(2) The association of fetal maturity and the disappearance of
bilirubin in unsensitized pregnancies by Mandelbaum et al.,
in 1967. 76 They observed a precipitous decline and disap-
pearance of the absorbance bulge at 450 my at 36 to 38
weeks' gestation.

(3) Another development in 1967 was the relationship demon-
strated by Pitkin and Zwrick96 between the amniotic fluid
creatinine concentration and gestational age. With
increasing fetal age there was also an increase in the
amniotic fluid creatinine.

(4) An association between gestational age and osmolality
was made by Miles and Pearson in 1969. 83 They reported
a downward trend in osmolality with gestational age and
stated that an osmolality less than 250 milliosmoles/L
was suggestive of fetal maturity.

(5) The discovery by Gluck et al., 51 in 1971 that the respira-
tory distress syndrome could be detected via amniocentesis.
Their studies showed that changes in phospholipids in amni-
otic fluid reflect those changes occurring in the developing
fetal lung. A sudden increase in the lecithin concentration
after 35 weeks indicates maturity of the pulmonary alveolar
lining, and the respiratory distress syndrome should not
occur if the fetus is born at this time.

Contribution of Human Fetal Research
to Amniocentesis

Technique

In the early usage of amniocentesis on humans, it soon became apparent
that the transcervical and transvaginal (both fornix anterior and fornix pos-
terior) approaches to the amniotic sac were unduly traumatic, unless performed
at term. 29 The most significant complications were induced premature labor
and/or hemorrhage. More recent investigation has confirmed these observa-
tions. 34, 45, 50, 86, 108 Consequently, transabdominal invasion of the amniotic sac
became the method of choice to withdraw amniotic fluid. As a direct result of
human investigations, this method has been refined in several areas as described
below. These refinements have resulted in what is now an accepted medical pro-
cedure when indicated, with minimal risk to both the mother and the fetus. 19
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Before the introduction of ultrasound, palpation9 was the generally
accepted method of determining fetal and placental position, although amniog-
raphy was and still is used in some cases, usually during the third trimester.
It soon became evident that a fairly high degree of technical competence was
required to avoid complications such as placental or fetal puncture. The oper-
ation should be performed by an experienced obstetrician. The need for strict
aseptic procedures to avoid various types of sepsis became apparent. Some
advocate virtual surgical type conditions even though the operation is routinely
performed as an outpatient or office procedure. The optimum site for puncture
is still not agreed upon but as pointed out before, the prime criterion is
avoidance of the placenta and fetus.

The type and degree of sharpness of the needle has resulted from human
evaluation. It is generally agreed that a needle with a relatively obtuse
angled tip and low degree of hone is useful in ascertaining the layers of tis-
sue being traversed and determining when the amniotic cavity is entered. Many
recommend the use of a 22-gauge or smaller needle to minimize abdominal trauma
while others advocate an 18-gauge needle to traverse the maternal skin and sub-
cutaneous tissue. A 20-gauge needle is then inserted through the larger needle
into the amniotic cavity. The latter procedure supposedly further reduces the
possibility of sepsis.

The introduction of ultrasonography in obstetrics, 30 almost simultaneously
with midtrimester amniocentesis, inevitably resulted in the use of this method
to localize the placenta and fetus. Palpation for this purpose is often dif-
ficult at 14 to 18 weeks when amniotic taps are made for diagnosing congenital
disorders. Many now use ultrasound routinely prior to amniocentesis in order
to minimize procedural risks.

Amnioscopy and fetoscopy, although not directly related to amniocentesis,
have been developed as a result of a desire to increase the knowledge of the
intrauterine environment, heretofore only available by amniocentesis. These
potentially useful diagnostic tools would, therefore, not have been developed
without the interest in amniotic fluid generated by utilizing amniocentesis.

Diagnostic and Therapeutic Procedures

Amniocentesis as a procedure was developed through research involving
living human fetuses over a period extending back to at least 1882. As pre-
viously noted, the major impact of the procedure has been to provide a means
of obtaining amniotic fluid so that diagnostic tests and therapeutic methods
could be performed during either the second or third trimester of pregnancy.

A total of thirty congenital anomalies can presently be detected in utero
during the second trimester of pregnancy, i. e., three X-linked disorders (see
Table 1), eight chromosomal aberrations (see Table 2), and sixteen inborn errors
of metabolism (see Table 3). The detection of anomalies is dependent upon
determining the sex chromatin of the fetal cells, being able to karotype the
cells, or being able to culture the cells obtained in amniotic fluid. In the
case of the inborn errors of metabolism, many different enzyme assays are crit-
ical for determining the metabolic defect in the cultured cells.
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The estimation of fetal maturity is made by the quantification of certain
compounds in the fluid such as bilirubin, creatinine, lecithin, and sphingomye-
lin and by staining exfoliated fetal cells with Nile blue sulfate. These sub-
stances are a direct result of the fetus' metabolism. The hemolytic problems
are associated with the degree of anemia in the fetus resulting from transfer
of Rh antibodies from the mother to the fetal circulation. In this situation,
the contribution of living human fetuses has been in the area of intrauterine
transfusions which serve the purpose of correcting the anemia present in the
fetus.

Additional contributions of human fetal research in the development of
amniocentesis for therapeutic purposes occurred in the correction of polyhydram-
nios and the induction of abortion.

Effect of Retrospective Ban on Human
Fetal Research on Amniocentesis

Technique

The only animal models which might be suitable for developing the tech-
nique of transabdominal amniocentesis would have to be monovular and possess a
unicornuate uterus. 32 This statement is based upon the fact that the technique
could not be satisfactorily evaluated either in uteri containing multiple
fetuses or in a bicornuate uterus because of the obvious structural differences
relative to humans. These restrictions reduce the potential animal models to
higher primates, e. g., monkeys, chimpanzees or baboons.

However, some suggest that even these higher primates do not serve as
satisfactory models for the following reasons:

(1) Significant difference in the amniotic fluid: fetal size
ratio relative to humans leading to invalid extrapolation
of a technique developed in these animals to humans

(2) Difference in skin and subcutaneous tissue composition
such that development of skill by the operator would
not be applicable to humans

(3) Difference in boney pelvis structure to the extent that
this hard tissue, in many cases, would not allow invasion
of the uterus at the desired human site32

(4) Placental position in some of these species is character-
istically anterior so that transabdominal entry into the
uterus would always be through the placenta 32

(5) Size of the uterus is always smaller at equivalent stages
of pregnancy
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(6) Size differences also introduce the problem of needle
diameter and length. Properly sized needles for humans
could not be determined without direct evaluation on
humans.

As a result of human amniocentesis, many investigators are now routinely
performing amniocentesis in monkeys and other subhuman primates (e. g., Ref. 97).
This would lead one to believe that indeed the higher primates could have been
used as models to perfect the technique. However, the reasons cited above are
considered valid by some investigators and the technique for later second and
third trimester amniocenteses could never be perfected in these primates because
their offsprings never obtain an equivalent size.

It is true that the technique of withdrawing amniotic fluid insofar as
identification of the tissue layers and avoidance of the placenta and fetus
could have been developed using gravid human cadavers. The obvious problems
of the supply of fresh cadavers whose death did not involve or disturb the
fetal surroundings makes this an impractical solution. Even if a reasonable
supply were available, situations of bleeding and fetal motion could not be
analyzed in a cadaver. In any event, nothing would be learned as to possible
effects on the outcome of the fetus.

In conclusion, a ban on human fetal research with regard to developing
improved techniques of amniocentesis would have resulted in its nonutilization
due to inadequate or inappropriate alternate models with which to develop and
perfect the method. The ramifications of the unavailability of this technique
are overwhelming considering the multitude of highly useful and desirable diag-
nostic and therapeutic procedures which rely on amniocentesis. These procedures
are discussed below.

Diagnostic and Therapeutic Procedures

If it is accepted, as in the preceeding section, that the development of
amniocentesis was dependent upon research involving living human fetuses, the
effects of a ban on human fetal research in the antenatal diagnosis and therapy
via amniocentesis would have been far reaching indeed.

The contributions of human fetal research to the development of amniocen-
tesis as an accepted clinical procedure have included the following:

(1) Detection of genetic defects

(2) Detection of Rh isoimmunization

(3) Detection of fetal maturity

(4) Relief of polyhydramnios

(5) Induction of a therapeutic or elective abortion.
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The effect of a ban on human fetal research involving the respiratory
distress syndrome and Rh isoimmunization will be covered in other sections of
this report. The development of these antenatal diagnostic tests and therapeu-
tic procedures would have been affected to the extent of the contribution of
amniocentesis in humans to each.

An important question in determining the effect a ban on human fetal
research would have on the prenatal diagnosis and therapeutic procedures devel-
oped as a result of amniocentesis, is whether or not an animal model could have
been substituted for the advances made to date. Each of the above indications
for performing amniocentesis will be considered.

Detection of Genetic Defects. There are no known animal models for iden-
tifying the X-linked diseases presently detectable by amniocentesis in the human.
The diseases detectable in utero include the Lesch-Nyhan and Hunter's syndromes,
and Fabry's disease. Other animal models may possess X-linked diseases but the
gene makeup is completely different from the human. Since X-linked diseases
are detected by biochemical means, if the gene makeup is different, there would
be no association between other species and their X-linked diseases and those
X-linked diseases detectable in humans. The Same situation would prevail for
the cytogenetic studies used to detect chromosomal aberrations since the chro-
mosomal number and gene content is different. Thus, a suitable animal model
does not exist for detecting chromosomal aberrations. In addition, there is
no animal model for the various inborn errors of metabolism which have been
identified by antenatal diagnosis.

A recent study73 has identified a model for the antenatal diagnosis of
spina bifida in the Lewis rat. This is of importance since a number of inves-
tigators 109, 115, 126, 92 have recently stressed the importance of the assay of alpha-
fetoprotein in the amniotic fluid in pregnancies in which the fetus had
anencephaly, myelomeningocele, or spina bifida. Thus, there may be an animal
model available for the detection and study of neural tube defects.

Fetal Maturity. The use of primates as a model for determining fetal
maturity has been attempted. 97 Although amniotic fluid creatinine levels in
the last third of pregnancy in Macaca mulatta are comparable to values in
patients, no clear relationship exists between the creatinine concentration
and the duration of pregnancy. Similarly, the bilirubin concentration in the
amniotic fluid does not show a change with reference to gestational age.

The use of amniocentesis in diagnosing the respiratory distress syndrome
is discussed in another section.

Polyhydramnios. The polyhydramnios condition has been observed in
diabetic monkeys, 96 and, as a result, amniocentesis could therefore be per-
formed on such a species to demonstrate the effect of fluid removal. However,
a primary disadvantage in using monkeys as a polyhydramnios model would be
the difficulty in breeding primates which are in captivity and developing a
colony of diabetic monkeys.
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Induction of Abortion. Any of the higher primates presumably could be
used for developing the abortifacients to be used for inducing an abortion in
conjunction with amniocentesis. However, regarding the amniocentesis procedure
itself, the higher primates are considered an unsatisfactory model for reasons
cited earlier.

Outlook for Amniocentesis as a Clinical Procedure

Future of Technique

The technique of amniocentesis has reached a state of refinement such that
it is now an accepted medical procedure with several medical indications for its
use. The safety of the procedure will increase further with the widespread use
of ultrasonography to locate the placenta and position of the fetus. Amniocen-
tesis performed in conjunction with fetoscopy is also a real possible future
development. 86 This technique would reduce the incidence of injury to the fetus
and, in addition to obtaining amniotic fluid, would allow direct visual examina-
tion of the intrauterine cavity.

Some refinements in the technique as it now exists may be possible. For
example, the method of using an 18-gauge needle as a speculum through the abdom-
inal tissue and the myometrium followed by insertion of a blunted plastic cath-
eter into the amniotic sac for obtaining the fluid might decrease the incidence
of fetal puncture. Indeed, Mann in 1965 and 1966 proposed the use of a plastic
catheter to reduce the risk of fetal injury (see Table 5). Special needles
designed sepcifically for amniocentesis may also be developed since spinal needles
are the most commonly used now. The development of a small ultrasonic transducer
in direct conjunction with the puncture procedure is already under way121 and may
prove to be a useful adjunct to complete abdominal ultrasonic screening prior to
the operation.

Possible Effects of Amniocentesis on Future Medical Developments

As Milunsky et al., 84 state, "the advent of prenatal diagnosis through
amniocentesis represents the most important advance so far attained in the
prevention of the births of infants with irreparable genetic mental defect and
fatal genetic disease. " The antenatal diagnosis of specific X-linked diseases,
chromosomal aberrations, and metabolic disorders via amniocentesis has been
used effectively during the last ten years. The treatment of genetic disease
via amniocentesis in the future will depend upon many factors. Some of these
factors would include: (1) further improvements in the procedure itself;
(2) the development of special centers devoted solely to antenatal studies; 113

(3) the development of new diagnostic tests for the specific disease in ques-
tion; 98 (4) further improvements in the culture medium and tissue culture
techniques; and (5) the development of other instrumentation or ancillary pro-
cedures which might be used in conjunction with amniocentesis.
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At the present time, amniocentesis is concerned largely with detection,
but future developments may see more therapeutic uses of amniocentesis, i. e.,
the injection of materials or deficient substances directly into the fetal
circulation, peritoneal cavity, or amniotic fluid. In addition, just as amnio-
centesis has assisted in the development of other procedures, e. g., ultrasound
and amniography, the use of amniocentesis may assist in the development of
better procedures for detecting bone development and fetal head size.

In conclusion, genetic counseling is now possible for a number of diseases.
More importantly, this counseling can now be based upon actual in utero diag-
noses via amniocentesis rather than by previous calculated probability risks.
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The effect of a ban on human fetal research involving the respiratory
distress syndrome and Rh isoimmunization will be covered in other sections of
this report. The development of these antenatal diagnostic tests and therapeu-
tic procedures would have been affected to the extent of the contribution of
amniocentesis in humans to each.

An important question in determining the effect a ban on human fetal
research would have on the prenatal diagnosis and therapeutic procedures devel-
oped as a result of amniocentesis, is whether or not an animal model could have
been substituted for the advances made to date. Each of the above indications
for performing amniocentesis will be considered.

Detection of Genetic Defects. There are no known animal models for iden-
tifying the X-linked diseases presently detectable by amniocentesis in the human.
The diseases detectable in utero include the Lesch-Nyhan and Hunter's syndromes,
and Fabry's disease. Other animal models may possess X-linked diseases but the
gene makeup is completely different from the human. Since X-linked diseases
are detected by biochemical means, if the gene makeup is different, there would
be no association between other species and their X-linked diseases and those
X-linked diseases detectable in humans. The Same situation would prevail for
the cytogenetic studies used to detect chromosomal aberrations since the chro-
mosomal number and gene content is different. Thus, a suitable animal model
does not exist for detecting chromosomal aberrations. In addition, there is
no animal model for the various inborn errors of metabolism which have been
identified by antenatal diagnosis.

A recent study73 has identified a model for the antenatal diagnosis of
spina bifida in the Lewis rat. This is of importance since a number of inves-
tigators 109, 115, 126, 92 have recently stressed the importance of the assay of alpha-
fetoprotein in the amniotic fluid in pregnancies in which the fetus had
anencephaly, myelomeningocele, or spina bifida. Thus, there may be an animal
model available for the detection and study of neural tube defects.

Fetal Maturity. The use of primates as a model for determining fetal
maturity has been attempted. 97 Although amniotic fluid creatinine levels in
the last third of pregnancy in Macaca mulatta are comparable to values in
patients, no clear relationship exists between the creatinine concentration
and the duration of pregnancy. Similarly, the bilirubin concentration in the
amniotic fluid does not show a change with reference to gestational age.

The use of amniocentesis in diagnosing the respiratory distress syndrome
is discussed in another section.

Polyhydramnios. The polyhydramnios condition has been observed in
diabetic monkeys, 96 and, as a result, amniocentesis could therefore be per-
formed on such a species to demonstrate the effect of fluid removal. However,
a primary disadvantage in using monkeys as a polyhydramnios model would be
the difficulty in breeding primates which are in captivity and developing a
colony of diabetic monkeys.

15-43



Induction of Abortion. Any of the higher primates presumably could be
used for developing the abortifacients to be used for inducing an abortion in
conjunction with amniocentesis. However, regarding the amniocentesis procedure
itself, the higher primates are considered an unsatisfactory model for reasons
cited earlier.

Outlook for Amniocentesis as a Clinical Procedure

Future of Technique

The technique of amniocentesis has reached a state of refinement such that
it is now an accepted medical procedure with several medical indications for its
use. The safety of the procedure will increase further with the widespread use
of ultrasonography to locate the placenta and position of the fetus. Amniocen-
tesis performed in conjunction with fetoscopy is also a real possible future
development. 86 This technique would reduce the incidence of injury to the fetus
and, in addition to obtaining amniotic fluid, would allow direct visual examina-
tion of the intrauterine cavity.

Some refinements in the technique as it now exists may be possible. For
example, the method of using an 18-gauge needle as a speculum through the abdom-
inal tissue and the myometrium followed by insertion of a blunted plastic cath-
eter into the amniotic sac for obtaining the fluid might decrease the incidence
of fetal puncture. Indeed, Mann in 1965 and 1966 proposed the use of a plastic
catheter to reduce the risk of fetal injury (see Table 5). Special needles
designed sepcifically for amniocentesis may also be developed since spinal needles
are the most commonly used now. The development of a small ultrasonic transducer
in direct conjunction with the puncture procedure is already under way121 and may
prove to be a useful adjunct to complete abdominal ultrasonic screening prior to
the operation.

Possible Effects of Amniocentesis on Future Medical Developments

As Milunsky et al., 84 state, "the advent of prenatal diagnosis through
amniocentesis represents the most important advance so far attained in the
prevention of the births of infants with irreparable genetic mental defect and
fatal genetic disease. " The antenatal diagnosis of specific X-linked diseases,
chromosomal aberrations, and metabolic disorders via amniocentesis has been
used effectively during the last ten years. The treatment of genetic disease
via amniocentesis in the future will depend upon many factors. Some of these
factors would include: (1) further improvements in the procedure itself;
(2) the development of special centers devoted solely to antenatal studies; 113

(3) the development of new diagnostic tests for the specific disease in ques-
tion; 98 (4) further improvements in the culture medium and tissue culture
techniques; and (5) the development of other instrumentation or ancillary pro-
cedures which might be used in conjunction with amniocentesis.
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At the present time, amniocentesis is concerned largely with detection,
but future developments may see more therapeutic uses of amniocentesis, i. e.,
the injection of materials or deficient substances directly into the fetal
circulation, peritoneal cavity, or amniotic fluid. In addition, just as amnio-
centesis has assisted in the development of other procedures, e. g., ultrasound
and amniography, the use of amniocentesis may assist in the development of
better procedures for detecting bone development and fetal head size.

In conclusion, genetic counseling is now possible for a number of diseases.
More importantly, this counseling can now be based upon actual in utero diag-
noses via amniocentesis rather than by previous calculated probability risks.
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ISOIMMUNIZATION (Rh VACCINE)

Medical Significance

The discovery of the Rh factor and the simultaneous elucidation of erythro-
blastosis fetalis about 1940 is one of the great milestones of medical science.
Techniques have been developed within pur lifetime which have effectively con-
trolled the threat of Rh isoimmune disease. These developments over the past
three decades have resulted not only in the savings of hundreds of thousands of
lives, but also in the successful circumvention of an appreciable number of brain-
damaged children.

It has been estimated that the total amount of money used to support Rh
disease research from 1930 through the successful development of the vaccine in
1966 is about what society pays today for lifetime care for a half-dozen children
irreparably brain-damaged by erythroblastosis. 52

Statistically, the problem of hemolytic disease of the newborn can be enu-
merated as follows:

(1) Approximately 12 percent of all marriages in the United States
are between Rh-incompatible individuals.

(2) Of the 3. 0 to 3. 5 million births which occur yearly in the
United States, approximately 25, 000 infants could be affected
by isoimmune hemolytic disease,

(3) The number of stillbirths occurring because of isoimmune hemo-
lytic disease prior to the 1940s was in excess of 10, 000 per
year in the United States. The number decreased to less than
5, 000 with the introduction of transfusion techniques. 10 It has
been estimated that in the twenty-year period between 1940 and
1960, approximately 200, 000 lives were saved by these techniques
alone.

(4) World Health Organization statistics indicate that on a world-
wide basis even today 20-25 percent of Rh-positive infants of
already Rh-sensitized women are likely to be stillborn in the
last trimester. Worldwide statistics are however difficult to
determine because of the racial variation of the occurrence of
the Rh factor.

(5) As of 1973, approximately 88 percent of first-pregnancy, Rh-
negative women in the United States were receiving the Rh vac-
cine. Surveys showed 95-100 percent usage in urban areas and
as low as 65 percent in rural areas.
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The technology developed in the search for an answer to the hemolytic
disease of the newborn provided a number of notable approaches and techniques
which have been and will continue to be extremely useful in the cure and detec-
tion of human diseases which may be unrelated to Rh disease. These include:

(1) The development of techniques to quantify bilirubin in the
serum of newborns so that brain damage due to excessive
release of blood pigments can be avoided.

(2) The initiation of amniocentesis for the detection of bili-
rubin in amniotic fluid. Amniocentesis is now useful for
detection and elucidation of a number of genetic disease of
man including a and 8 thalassemia and sickle cell disease 10

and may have vast diagnostic potential.

(3) The initiation and perfection of the intrauterine transfusion
technique and the development of fetus visualization tech-
niques (fetology) now used for the detection of other malfor-
mations and/or diseases of the fetus, in utero.

One of the more important advancements to stem from the search for a cure
for Rh disease is the initiation of the cooperative participation of research
scientists and clinicians to obtain a common goal. This philosophical advance-
ment has resulted in the vastly increased efficiency of medical research teams
in their goal of the conquest of many of our most dread diseases.

Dr. Louis K. Diamond, one of the pioneering researchers in Rh disease,
summarized his feelings in these words at a recent interview: "At present what
is happening all over the country and all over the world for that matter, is a
close collaboration between the Ph. D. researcher and the clinician. This very
marked advance over my early days has proven the fact that many Ph. D. researchers
are not only happy to collaborate but are anxious to do so. They wish to prove
the usefulness of their bench work in terms of human therapy. This has uplifted
the laboratory researcher and made the physicians who limit themselves to clinical
work much more anxious to work at the bench to delineate the basic problems of
medical science. I believe that this type of cooperative research which combines
both clinical facilities and basic laboratory progress is the only rapid way of
advancing medical science. In my area it is necessary to combine the talents of
basic scientists who know enzymology, immunology, and cell structure with the
practical experience of the clinician. I believe that in my lifetime this result
has been the greatest advance in research. "10

This approach was used to its fullest extent in the conquest of Rh disease.
Due to this dedicated cooperation, researchers and clinicians not only elucidated
but also brought under control an extremely serious fetal disease in little more
than three decades.
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Historical Account

Characterization of Erythroblastosis Fetalis

Although hemolytic disease of the newborn was described prior to the turn
of this century, the relationship between jaundice (icterus), hydrops, anemia
and eventually brain damage (kernicterus) in newborns was not established until
the early 1900s. 15, 21, 24, 51 The early reports were primarily disease descrip-
tions based on fetal autopsies. In 1932, Diamond et al., demonstrated that
erythroblastosis was the single disease underlying jaundice, hydrops, and
anemia. 14 Following this descriptive phase, a relationship between the level
of bilirubin in the infant's serum and kernicterus was established and methods
of bilirubin quantification were developed. 2, 26, 44, 46 Subsequent to these
developments, the presence of hyperbilirubinemia was shown to be directly
related to the delayed brain damage (kernicterus) noted in infants with erythro-
blastosis fetalis. 26

Etiology of Erythroblastosis Fetalis

Concurrent with disease interrelationships and their description, the major
blood groups (A, B, and 0) were recognized. 30 Several additional blood group
isoantigens were identified prior to 1939, 31'32 when Levine and Stetson noted the
presence of a non-ABO blood group antibody in the serum of a patient following
delivery of a stillborn infant. 36 The following year, it was observed that an
antiserum prepared in rabbits against an antigen on the erythrocytes of the rhesus
monkey reacted positively with 85 percent of human erythrocytes, which presumably
contained the antigen, while 15 percent of those tested were negative. 33 This
non-ABO blood group antigen was termed the Rh antigen (subsequently shown to be
a system of antigens).

In 1941, Levine et al., demonstrated that Rh sensitization in an Rh-negative
mother to an Rh-positive fetus was responsible for the disease pathologies asso-
ciated with erythroblastosis fetalis. 35 The protection against Rh sensitization
afforded by ABO incompatibility between the mother and fetus was postulated in
1943, 37 and subsequently substantiated by statistical analysis reported in 1958. 34

Disease Detection

In the 1950s several procedures for detecting both fetal erythrocytes and/
or antibody to Rh-positive fetal erythrocytes in the maternal circulation proved
the relationship between Rh isoimmunization and erythroblastosis fetalis. Fetal
hemorrhage into the maternal circulation was documented in 1954 by demonstrating
the presence of agglutinins to an Rh-positive fetus in an Rh-negative mother. 7
Placental transfer of fetal erythrocytes was shown the following year, 40 and a
test developed to demonstrate the presence of fetal erythrocytes in the maternal
circulation. 27
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Several approaches to early disease detection were developed following
elucidation of the etiology of Rh hemolytic disease. The earliest of these
tests involved testing the mother's serum for the presence of incomplete Rh
antibodies. 9, 12 A second approach was based on the detection of bilirubin in
the serum of the neonate, 25'43 and somewhat later in the amnionic fluid of the
mother. 4 The feasibility of quantifying bilirubin in the newborn with jaundice
was demonstrated as early as 1916. 43 The establishment of the relationship
between bilirubin levels and brain damage in Rh hemolytic disease led to the
perfection of a micromethod for determination of bilirubin levels in the serum
of diseased infants. 29 This assay provided a basis for the development of
exchange transfusion in the affected neonate. 13 The development by Bevis4 in
1956 of transabdominal aminocentesis for the purpose of determination of bili-
rubin levels in the amnionic fluid (spectrophotometric analysis) enabled Liley
to monitor more precisely the extent of hemolytic disease in the fetus, and led
eventually to Liley's highly successful treatment of the diseased fetus in utero
by intrauterine transfusion. 38

Another approach to detection of maternal Rh sensitization against incom-
patible fetal erythrocytes involved the demonstration of fetal cells in maternal
blood. 27 This technique, introduced by Kleihauer in 1957, has been widely applied
to monitor the effectiveness of disease prophylaxis. It remains the major method
of demonstrating that a transplacental hemorrhage of fetal erythrocytes into the
maternal circulation has occurred.

Therapy of Erythroblastosis Fetalis

As noted in the previous section, the therapy of Rh hemolytic disease was
directly dependent on the perfection of accurate diagnostic procedures and eluci-
dation of the mechanism of the disease process and the resultant pathologic
manifestations.

The earliest surgical approach to disease treatment was exchange transfusion
of the affected neonate shortly after birth. The first successful exchange trans-
fusion was performed in 1925 for the disease then termed icterus gravis. 22 In the
1940s a great deal of experimentation was performed to perfect this procedure for
the early treatment of neonates with previously detected erythroblastosis fetalis.
Wiener 48 reported on several successful exchange transfusions via the antecubital
vein in infants with erythroblastosis fetalis. Diamond et al., further refined
this procedure by using the more accessible umbilical vein and a clot-retarding
plastic catheter. 13 The extension of this method to multiple transfusions in the
diseased live newborn virtually eliminated the threat of brain damage, and the
mortality of neonates with erythroblastosis dropped to about 2. 5 percent. 10

However, the problem of the severely diseased fetus which usually died in
utero required a more sophisticated therapeutic approach. This advance became
possible following the perfection of amniocentesis to monitor accurately bilirubin
levels in the gravid sensitised female. Approximately 25 percent of Rh-positive
fetuses in Rh-sensitized females were destined to be stillborn. The intrauterine
transfusion introduced by Liley38 in 1963 was directly responsible for eventually
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preventing stillbirth in more than 60 percent of these cases. Adamsons et al.,
attempted without success to refine this procedure further via hysterotomy. 1

The only additional therapeutic technique which has been applied to erythro-
blastosis fetalis is phototherapy. 39 This type of therapy is used as an adjunct
to exchange transfusion to control rising bilirubin levels in diseased neonates.

Prophylaxis of Erythroblastosis Fetalis

Rh sensitization generally occurs following the delivery of the first Rh-
positive infant to an Rh-incompatible, Rh-negative, female. Sensitization may
also occur due to a slow transfer of fetal erythrocytes across the placenta,
following an abortion, or may even be the result of a transfusion reaction.
Mechanistically, the sensitization process involves the formation of specific
Rh(D) antibody in the female to the Rh antigen on the fetal erythrocyte. In a
sensitized female, the 7S immunoglobulin can cross the placenta and lyse fetal
red cells. The formation of Rh antibody in the sensitized female is termed an
anamnestic response. The current protocol employed to prevent Rh sensitization
is based on an observation by Smith in 190941 that the presence of excess passive
antibody prevented active immunization to the corresponding specific antigen.

The natural protection afforded the fetus in the ABO-incompatible situa-
tion led several investigators to speculate on the possibility of simulating
this protection by administering serum containing Rh antibodies. Priority for
the original proposal that passively administered. Rh-antibody at delivery might
prevent sensitization apparently belongs to Finn and his associates in Liverpool.
Two groups of investigators, Finn et al., 16 and Freda et al., 18 administered Rh
antiserum to Rh-negative male volunteers, with the same conclusion, passively
administered Rh antibody could prevent sensitization.

The trials of the Rh vaccine in women at risk following delivery of a first
Rh-positive neonate began in New York and in Liverpool in 1964. 8, 19 Freda et al.,
demonstrated in a statistically significant study protection of Rh-negative women
following an Rh-positive birth by administration of Rh antibody prepared from
concentrated gamma globulin. 19 The positive results of Clarke et al., (Liverpool
Group) are perhaps more dramatic due to the almost exclusive use of high-risk
individuals in their clinical trials. 8

During this period the Rh vaccine (RhoGAM), as it would eventually be
called, was being developed and was made commercially available in 1968. The
vaccine, 7S-anti-Rh antibody, was prepared from the plasma or serum of Rh sensi-
tized, Rh-negative individuals.

The concept of specific Rh antibody mediated suppression of immunization by
the Rh antigen was thus demonstrated and the vaccine made available for general
use by 1968. This approach to prophylaxis has since been shown to be 100 percent
effective by following high-risk Rh-negative women through successful second
pregnancies, and minimal prophylactic doses have been established through exten-
sive clinical trials. 50
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Contribution of Human Fetal Research to the
Control of Rh Hemolytic Isoimmune Disease

This section specifically delineates historically the research in which
it was necessary to employ either the gravid female or the live fetus as a
research subject in order to obtain an understanding of the mechanism of Rh
isoimmunization, to diagnose erythroblastosis in utero, or to develop therapeutic
procedures. There was very little purposeful research performed upon the gravid
woman and/or her fetus until after the underlying hemolytic phenomenon of the
disease was correctly described through the use of autopsy of postmortem human
fetuses and/or newborns (a period extending from 1913 to 1929). During this
time, approximately 20, 000 to 25, 000 newborns yearly were being affected by the
disease. Following this period, there are three major phases of the attack on
erythroblastosis which required human fetal research.

Etiology and Mechanism of Fetal or Neonatal Hemolytic Disease

Due to the unsuitability of available animal models (outlined specifically
in the section concerned with the effects of a ban on fetal research) it was
necessary to define the mechanism of erythroblastosis in the human situation.
This required that:

(1) It could be demonstrated that immature fetal red blood cells
(erythroblasts) could enter the maternal circulation and
induce antibody production. Chown characterized erythroblasts
in fetal fluids and in maternal blood using gravid females in
1954. 7

(2) The theoretical nature of the immunological etiology of the
disease be proven by demonstrating that maternal anti-Rh
antibodies did cross the placental barrier to affect the
fetus. This was demonstrated by Mengert in 1955 40 using
amniotic fluid drawn from the amnionic sac of a viable fetus
in utero.

(3) The role of bilirubin (the blood pigment, released during
hemolysis, which causes brain damage) in the fetus be defined
because it was known to cause neurological damage in the new-
born. Bevis in 1956 through use of the aminocentesis proce-
dure demonstrated that bilirubin levels were not destructive
to the fetus in utero but that upon birth the neonate could
not control pigment release by its own metabolism. 4

Detection of Fetal or Neonatal Hemolytic Disease

Once the disease mechanism had been extensively described it became neces-
sary to detect the extent of disease in susceptible gravid females. This required
a definitive series of events.
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(1) Bevis's demonstration in 1956 that bilirubin levels could
be detected in fetal fluids drawn from the amnionic sac
of a viable fetus in utero provided a reliable technique.

(2) Billing and Lathe's (1958) full elaboration of bilirubin
biochemistry. 5

(3) The use of bilirubin levels in amniotic fluid drawn from
the fetal amnionic sac in utero by Liley to determine the
proper timing and type of therapy. 38

Therapy of Fetal Hemolytic Disease

Prior to the development of the above specific diagnostic techniques, it
was found that the technique of multiple exchange transfusions of the newborn
was effective in treating hemolytic disease and hyperbilirubinemia after a
successful delivery. This technique, however, was useless for the large number
of stillborns. Following animal studies and the demonstration that the bilirubin
detection technique was of diagnostic value, it was considered feasible to per-
form an exchange transfusion with the fetus while it still resided in utero.

This decision was followed by a number of attempted techniques:

(1) Transcutaneous approach into the fetal peritoneal cavity
(with the fetus lying in utero) to infuse red blood cells
was proven successful by Liley in 1964.

(2) Implantation of catheters under direct vision after partial
delivery of the fetus by hysterotomy was proven unsuccessful
by Adamsons et al. 1

(3) The most successful technique which is now accepted as stan-
dard procedure is the intrauterine exchange transfusion. 11

These developments represent only preliminary milestones, most of which
were followed by extensive trials and modifications of techniques. In the con-
tinuum of research they represent turning points that could not have been opti-
mally achieved in any other fashion. The benefits of these research findings
are immeasurable. The perfection of the intrauterine transfusion technique
alone resulted in the successful rescue of 5O percent of the fetuses which were
previously destined for stillbirth due to hemolytic disease. The development of
aminocentesis as a reliable diagnostic tool has resulted in a tremendous broad-
ening of our knowledge of the fetal environment and of fetal maturation. It was
through this sequence of critical events in human fetal research that the Rh vac-
cine was conceived and the threat of Rh disease brought under control.
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Effect of a Retrospective Ban on Human Fetal Research
on the Control of Rh Isoimmune Hemolytic Disease

The conquest of Rh disease through the elucidation of the disease, develop-
ment of effective diagnostic and therapeutic procedures, and eventual prophylaxis
of the disease represents one of the major medical achievements of this century.
The major portion of this progress occurred over a 30-year period. This is a
remarkably short period of time to perform the quantity and quality of research
generally required to gain an understanding of any complex disease process and
proceed to treat and/or prevent the disease.

The Rh vaccine (RhoGAM) has been clinically so effective in preventing Rh
sensitization that Dr. Louis K. Diamond believes that Rh disease will cease to
be a problem in this generation. 10 There are of course small numbers of presen-
sitized females, and transfusion accidents due to human error will occur, but
generally speaking Rh disease has been effectively controlled.

To assess the effects of a ban on fetal research on the ultimate conquest
of Rh hemolytic disease, predating the discovery of the Rh factor, the following
questions must be considered:

(1) Could the mechanism of the disease process have been determined?

(2) Would effective methods of disease detection have been developed?

(3) How would affected neonates have been treated?

(4) Could procedures have been developed to treat the fetus destined
to be stillborn, while still in utero?

(5) Would the Rh vaccine, now known to prevent sensitization in
cases of Rh incompatibility, have been developed and shown to
be effective?

The discovery of the Rh factor, and the ultimate elucidation of the mecha-
nism of isoimmune disease, did not involve human fetal research during the period
of disease characterization or the early research which specifically linked Rh(D)
incompatibility to erythroblastosis fetalis. This research was performed pri-
marily on affected stillborn infants or neonates. However, to link unequivically
Rh incompatibility to erythroblastosis required the demonstration of fetal cells
in the maternal circulation and evidence of specific active immunologic reactiv-
ity against those cells. This ultimately required that gravid females be tested
for the presence of fetal cells prior to the onset of labor and sequentially
monitored for antibody levels throughout the gestation period. A ban on fetal
research would not have allowed this understanding of the mechanism of isoimmune
disease in humans to evolve over the short span of 15 years. Selected animal
models could have been used for study, but none closely mimicked human isoimmune
disease.
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The animal models available for research during the period in which Rh
hemolytic disease was conquered will be considered in a later portion of this
section.

Soon after Rh incompatibility was postulated to be responsible for the
hydrops, anemia, jaundice, and brain damage associated with the disease process
designated erythroblastosis, it became apparent that methods of early detection
were the only possible means to predict the probability of disease in these
fetuses. Tests to assess the presence of Rh antibodies in the circulation of
the sensitized gravid female, and the presence and quantity of fetal erythrocytes
in the maternal circulation led to the development of prompt exchange transfu-
sions for neonates with erythroblastosis fetalis.

The principal method of early detection of Rh hemolytic disease of the
fetus in utero is based on the detection of bilirubin in amniotic fluid. The
development of amniocentesis enabled clinical investigators to detect erythro-
blastosis fetalis much earlier and led to the development of the intrauterine
transfusion for the high-risk fetus destined to be stillborn. These procedures
required that experimental procedures be performed on both the gravid female and
ultimately on the fetus in utero.

Thus, effective procedures for saving these infants both after birth and
in utero became available. A ban on fetal research might not have precluded the
development of the exchange transfusion or the intrauterine transfusion in
animals, and in fact animal models were employed to study these procedures prior
to human experimentation. However, in an absence of knowledge of the underlying
cause of the disease process, the application of these procedures in the treat-
ment of neonates and fetuses with erythroblastosis fetalis would certainly have
been greatly delayed and many fetuses and neonates, especially high-risk fetuses,
would certainly have been lost.

Although Rh antibody (IgG) administered to prevent sensitization following
the delivery of a first Rh-incompatible infant does not involve the fetus
directly, the development of this vaccine is intimately tied to fetal research.
All of the research areas in the conquest of erythroblastosis fetalis are inter-
related, and the impetus for a prophylactic approach is directly related to an
understanding of the disease mechanism and, of course, a desire to eliminate
the problem of the high-risk fetus.

In attempting to ascertain the effects of a retroactive ban on fetal
research on the control of Rh hemolytic disease, the availability of animal
models and their applicability as models in the various phases of tills research
should be considered. During the course of the research which led to the ulti-
mate prevention of erythroblastosis fetalis, a number of animal models were con-
sidered based on several criteria. 6

(1) Dog—availability, breeding ease, gestational period and the
existence of canine erythroblastosis.

(2) Rodent species (rat, mouse, rabbit) — availability, breeding
ease, and inducibility of hemolytic disease.
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(3) Donkey or mule—large size of fetus and presence of patho-
logic erythroblastosis manifestations.

(4) Primates (chimpanzee and baboon)— system of comparable blood
group isoantigens and isoimmune hemolytic disease.

These models were employed in selected phases of the research but ulti-
mately rejected as models for Rh isoimmune hemolytic disease in humans for the
following reasons: 6, 10

(1) Dog—dissimilar placental construction compared with humans;
there is no placental transfer of antibodies.

(2) Rodent species—small fetal size was prohibitive for surgical
procedures comparable to human situation and disease manifes-
tations were highly variable even within the same litter.

(3) Donkey or mule—disease pathology is similar but there is no
placental transfer of antibodies; antibodies were passed via
colostrum (milk).

(4) Primates—the advent of intense research on the isoantigens
of primates and the mechanism of isoimmune disease in these
animals is a recent event. Although these animals may ulti-
mately prove to be adequate models for the study of iso-
immune hemolytic diseases similar to erythroblastosis fetalis,
the relative unavailability of the primate species, the vari-
ability of disease pattern as compared to the human disease,
and a lack of knowledge of the blood group isoantigens in
these species did not make them ideal models for the type of
research required to solve the Rh problem rapidly.

Although there certainly were areas where animal models may have been more
extensively employed, if there had been a ban or even a severe curtailment on
research involving living human fetuses or pregnant women, the knowledge required
for the development of the medical techniques for detection and treatment of Rh
hemolytic disease of the newborn would have been immeasurably delayed, and the Rh
vaccine as it is used today most probably would not have been possible. This
would have resulted in the stillbirth of approximately 450, 000 fetuses over the
period from 1930 to 1975. Even more devastating would be the medical, social,
and economic impact that would have resulted from the birth of tens of thousands
of brain-damaged individuals over this same period.
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Future Outlook

Future of the Procedures

The outlook for the successful management of Rh hemolytic disease is very
bright. With the current use of amniocentesis as a detective and diagnostic
tool it is possible to pinpoint with almost total accuracy the endangered fetus.
The early diagnosis of erythroblastosis fetalis Can now be followed by either
early delivery, intrauterine transfusion, or exchange transfusion of the newborn.
These techniques are necessary only in those women who have been presensitized or
who have not received the Rh vaccine after the first pregnancy. Por those women
who do receive the Rh vaccine upon the completion of their first pregnancy, the
problem of isoimmunization to their fetus and to subsequent fetuses is almost
completely eliminated.

Effects of Future Development on Other Areas of Medical Science

The use of human fetal research in the development of techniques of diag-
nosis, therapy, and prophylaxis and the generation of theoretical problems in the
search for an answer to Rh disease have resulted in the initiation of lines of
research which apply to a myriad of scientific and medical disciplines.

The monitoring of antibody levels in the serum of gravid females as well
as enzyme, pigment, and antibody levels in amniotic fluid has given researchers
powerful tools to describe genetic, maturational, and functional defects of the
fetus. The ability to apply Mendelian genetics to parental pairs has further
broadened our concept of inborn genetic disorders. With the perfection of fetal
and neonatal surgical procedures, it is now possible to attempt to correct cer-
tain of these disorders.

Future developments in the area of immunology requiring human fetal research
are based on many of the procedures developed during the course of solving the
problem of Rh hemolytic disease. Research has begun to attempt to understand and
control a variety of immune deficiency diseases. These diseases are generally
sex-linked disorders which cannot be reproduced in animal models. Current experi-
ments suggest that it may be feasible to monitor levels of T- and B-lymphocytes
and progenitor cells in the fetal circulation. It has been demonstrated that
transplantation of lymphoid tissues such as the thymus from aborted fetuses or
stillborn neonates may be an effective approach to treating these immunodeficiency
diseases. 3, 45 In addition, fetal research is necessary to a better understanding
of the overall ontogeny of the immune response.

This type of research will facilitate the development of fetal surgery, in
which transplants may be carried out in utero. This could conceivably eliminate
the problem of organ transplants between HLA-incompatible individuals. This line
of research could of course eventually apply to a variety of congenital defects.
These future research developments will not be possible if there is a prospective
ban on fetal research.
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RESPIRATORY DISTRESS SYNDROME (RDS)

Medical Significance

Respiratory distress syndrome is a major cause of neonatal mortality and
thus represents an important threat to a prematurely born infant. The condition
as it is now recognized is a consequence of lack of sufficient pulmonary develop-
ment in a prematurely born infant. Ninety-five percent of infants who die of
RDS are premature. The overall incidence of RDS has been estimated by several
different methods. In the most recent figures, it was estimated that during the
years 1968 to 1970, the national incidence of RDS was 40, 000 cases per year. 101

A direct relationship is indicated between the frequency of RDS and the degree
of prematurity, irrespective of whether estimated gestational age or birth weight
is employed as a measure of prematurity. 72 Frequencies as high as 80 percent are
reported in the 1000 to 1250-gram group.

A very large variation in mortality rate from RDS has been reported in the
literature depending upon risk factors and the methods of management. A summary
of deaths in 1969 100 estimated that 1, 000 infants per week born in the United States
developed RDS and of this number, approximately 500 died. This would correspond
to an annual mortality of 26, 000 infants. The frequency of fatalities obtained
from small populations of randomly selected cases have ranged from 20 to 95 per-
cent. 9-49 A general clinical impression is that disease severity is strongly
influenced by the degree of prematurity, and is corroborated by correlations of
gestational age with mortality. 94 Other estimates of national mortality also
show a range from 12, 000 to 40, 000 cases per year. 6'60 In a compilation of deaths
attributed to hyaline membrane disease in 1968, a total of 10, 097 deaths were
tabulated. If the incidence of RDS is 40, 000 cases per year, this suggests an
overall mortality rate of 28 percent in this country.

The majority of deaths from RDS occur in the first 72 to 96 hours after
birth. The fatality rate for RDS declines nearly exponentially between the first
and fourth 24-hour periods. 101 The typical clinical characterization of the RDS
infant follows a progressive deterioration in the first 24 to 48 hours accompa-
nied by a high mortality rate during this period. Infants who survive begin to
recover from 72 hours onward. Of these survivors, a certain percentage will
experience morbid sequelae, the two most important of which are neurologic impair-
ment and chronic lung disease. In the past, data have indicated a rather high
rate (20-27 percent) of secondary neurologic abnormalities resulting from RDS. 35

Because of recent advances in therapy and management of RDS infants, there is
indication that neurologic sequela may be reduced. 3

In addition to prematurity, two other risk factors have been shown to lead
to or aggravate the incidence of RDS. These are cesarean section and perinatal
asphyxia. Usher and his co-workers95, 93 reviewed histories of over 10, 000 vagi-
nally delivered infants and 1, 500 cesarean sections. They concluded that the
procedure itself was the responsible factor in the higher incidence of RDS in
the later group. This conclusion was in opposition to an earlier opinion20 that
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elective cesarean section in uncomplicated pregnancies did not lead to a higher
incidence of RDS. The association of RDS with cesarean section was attributed
to a history of maternal hemorrhage rather than to the procedure itself. How-
ever, several of the facts summoned by Usher and others indicate that cesarean
section of itself is a predisposing factor to RDS. A comparison of 1, 780 vagi-
nal versus 334 abdominal deliveries performed at 35 to 38 weeks showed an eight-
fold greater incidence of RDS in the abdominally delivered infants. 93 The inci-
dence of RDS in emergency and elective cesarean sections is about the same when
the two infants are compared at equal gestational age. The reason for the predis-
position by cesarean section to RDS is not well understood, although a clue may
be offered by the work of Fedrick and Butler32 who found that infants delivered
by cesarean section before initiation of labor had a 4-fold higher incidence of
fatal RDS than those delivered by cesarean section during labor. It would thus
appear that the onset of labor in some way prepares the infant's pulmonary system.

Another predisposing factor to the incidence of fatal RDS is the sex of the
neonate. Ratios of the number of males to females who die with hyaline membrane
disease range from 1. 4 to 2. O. 84 In a recent study, a ratio of 1. 7 was reported. 78

The suggestion was made that the lungs of females mature at a faster rate than the
lungs of males before birth. However, the higher death rate among the males may
be attributable to the fact that males outnumber females in virtually all dis-
orders leading to death in the neonatal period. 76 The ratio in neonatal mortality
from all causes is from 1. 62 to 1. 76 for the period 1968 through 1970. 101

Another factor which has long been implicated in predisposing the neonate
to RDS is maternal diabetes. Several studies indicate that infants from diabetic
mothers definitely do have a higher incidence of RDS. Ranges of 26 to 37 percent
incidence have been reported. 37, 55, 57. 91, 99 However, it is difficult to assess the
effect of maternal diabetes independently because of the very high incidence of
cesarean section and premature births occurring in diabetic mothers. For example,
in Hubbell's study, 55 cesarean sections were performed in 70 percent diabetic
pregnancies. A subsequent study by Usher95 indicates an almost equal incidence
of RDS in infants delivered by cesarean section from diabetic and nondiabetic
mothers when the results are compared according to gestational age. He thus
attributes the high incidence of RDS in infants from diabetic mothers to the
cesarean section procedure rather than to the diabetic condition of the mother.
Irrespective of whether diabetes per se or the higher rate of cesarean section is
the primary factor in the high incidence of RDS in infants from diabetic mothers,
the fact remains that infants from diabetic mothers do have a higher incidence of
RDS. A number of other factors have been associated with the occurrence of RDS in
neonates which are thought to reduce the risk. For example, premature rupture of
the membranes, 82 heroin addiction in the mother, and two or more prior unsuccess-
ful pregnancies 78 have all been associated with reduced risk of RDS in neonates.

In conclusion, the above facts establish that RDS is a major cause of death
among neonates and that significant morbidity can result in survivors of this
condition.
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Historical Account

The first recorded clinical observation of the hyaline membrane associated
with RDS was reported in 1903 by Hochheim. 52 Hochheim reported the existence of
a peculiar membrane which stained blue with hematoxylin which he termed myelin.
Hochheim believed that this myelin was formed from desquamating cells of the
alveolar epithelium. This myelin membrane was subsequently described in the
lungs of newborn children by several German pathologists. * The first descrip-
tion of the hyaline lesion in the English literature was in 1923 by Johnson, 56

who associated the hyaline membrane with pneumonia in newborn infants. Hochheim
originally postulated that the origin of the hyaline membrane could be from
amniotic fluid aspirated by the infant. This hypothesis was given further cre-
dence by Farber in 1931, 27 who showed that constituents of amniotic fluid could
be found in neonatal lungs. Aspiration of amniotic fluid continued to be the
most frequently hypothesized etiology for a period of almost 50 years after
Hochheim's first report. In a summary of cases in the literature of 1903-1952
presented by Tra-Dinh-De, 92 36 studies of hyaline-like membranes are reported.
Of these, 24 ascribed the membrane to aspiration of amniotic fluid. Other etiol-
ogies are also suggested, and these include developmental or congenital abnor-
malities, degeneration of alveolar epithelium, oxygen poisoning, and intrauterine
injury. Gluck suggests in a recent article47 that at least 50 etiologies were
proposed during the first 5O years after the syndrome was recognized. These
studies seemed to focus particular attention on the hyaline membrane, describing
it as a distinctive coating of the alveoli by an irregular layer of homogeneous
eosinophilic material. In a paper in 1950 by Potter, 81 atelectasis of a newborn
is divided into two categories, the first being those who die before respiration
and the second, those who die after initial respiration. She also pointed out
that the most important entity which causes hyaline membrane disease is prema-
turity. A detailed study of a large number of newborns in 195071 resulted in an
excellent description of the clinical abnormalities associated with the formation
of hyaline membrane disease.

In 1953, an important milestone in the diagnosis and, to some extent in the
understanding, of the hyaline membrane was presented by Donald, 24 who described a
reticulogranular pattern associated with neonatal atelectasis which appeared on
radiographs. A very significant paper on understanding the etiology of RDS
appeared in 1956 by Gitlin and Craig. 42 These authors showed that the lesions
associated with RDS in the lung contained large amounts of fibrin. Since fibrin-
ogen is not a constituent of amniotic fluid, its origin must lie within the
infant itself rather than from aspirated amniotic fluid. The substantiation of
these findings discounted the hypothesis of aspiration of amniotic fluid as
leading to the formation of a hyaline membrane.

A major advance in understanding the etiology of RDS came in 1959 with the
report of Avery and Mead5 on the surface properties of lung extracts from infants
with hyaline membrane disease. The surface tension properties of extracts from
lungs of premature stillborns, live-born prematures, infants dying from hyaline

*In more recent literature, the term "myelin" has been replaced by the word
"hyaline. "
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membrane disease, normal children, and adults were measured and compared. The
results showed that a surface-active substance was found in large amounts in
the lungs of infants over 1200 grams, in children, and in adults. In lung
extracts of very small premature infants and infants dying with hyaline membrane
disease, the surface-active material is deficient. Based on these findings, the
authors suggested a pathogenesis of the disease which is still the basis of the
current understanding. They suggested that the absence of the surfactant lining
in the alveoli resulted in a higher surface tension and predisposed alveolar
collapse after the first breath. This, in turn, would lead to a higher intra-
plural pressure at inspiration resulting in a higher intrathoracic blood volume.
This could then account for the transudation of plasma proteins, which has been
shown to exist in hyaline membrane disease. Thus, the presence of the hyaline
membrane was postulated as being a secondary effect. The primary effect was
atelectasis resulting from collapse of pulmonary alveoli. A subsequent paper50

from this same group showed that excised lungs from infants who died from RDS
had a greatly reduced compliance compared to lungs from stillborn infants and
newborn infants dying from other causes. This low compliance was attributed to
a reduction in the number of units participating in ventilation which, in turn,
could result from collapse of alveoli.

Thus, at this juncture, attention was turned to the role of surfactant in
the etiology of the respiratory distress syndrome. To understand the role of
surfactant, one must go back to a paper published in 1929 by von Neergaard. 96

Von Neergaard reported that the pressure/volume curves obtained by inflating and
deflating lungs with air were not the same as those obtained from inflating and
deflating with an aqueous solution. He postulated that the discrepancies in
pressure necessary to extend the lung with air compared to water and the failure
of the air-inflated lung to deflate along its own curve of expansion were due to
surface tension forces in the lung. By quantifying the differences between the
air and liquid volume/pressure curves, he concluded that approximately 2/3 to
3/4 of the retractive pressure of the lung was due to surface forces. He also
postulated that a surface-active material must be present in the lung to account
for these differences. Between the period of 1929 and 1955, a number of authors
discussed the theoretical importance of the surface properties of the lung. How-
ever, no direct experimental evidence of surface properties in maintaining alveo-
lar stability was obtained until 1955. In that year, Pattle79 showed that foams
taken from the inner spaces of edetamous lungs contained a potent surface-active
material. Foam was obtained from lungs by producing acute pulmonary edema in
animals and by washing lungs both in vivo and in vitro with a saline solution.
The high stability and nearly constant size of the bubbles in the foam indicated
to Pattle that they must have a very low surface tension. He suggested that the
surface-active material was some form of mucous which was secreted by the lung.
This suggestion originated from earlier work by Macklin, 68 who stated that the
Type II pneumonocytes (alveolar cells which constitute from 2 to 10 percent of
the normal alveolar epithelial cells) contained granules which secreted a sub-
stance covering the air surfaces of alveolar cells. He did not at this time,
however, identify this secreted substance as a phospholipid surfactant.

The next important advance in the understanding of the role of lung sur-
factant came in 1957 with the report of Clements. 15 Using saline extracts from
rat, cat, and dog lungs, the author showed on a Langmuir-Wilhelmy surface balance
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that the surface tension was dependent upon the surface area. The tension varied
from 46 to 10 dynes/cm as the surface area was decreased. He thus demonstrated
hysteresis characteristics similar to the pressure/volume relationship found on
the inflation and deflation of experimental lung samples. In a subsequent paper,
Clements and co-workers16 began to develop a theoretical basis for the function
of surfactant in lung alveoli. He showed that since the surface tension of the
lung surface decreased as the surface contracted, the alveoli would be stabilized
at low volumes.

Following the classic work of Avery mentioned above, 5 investigations con-
tinued on the relationship of the surfactant to the properties of lung tissue.
In 1961, Clements and co-workers17 compared the pressure/volume relationships
of human and rat lungs to the surface-active properties of extracts prepared
from the specimens. The pressure/volume curves and the surface activity of the
extracts showed wide variation among individual samples and yet a high correla-
tion between these two properties was observed. The findings supported the hypoth-
esis that the stability of the pulmonary alveolar structure was dependent upon
the intrinsic surface-active material. The stabilizing activity present in lungs
of newborn infants with hyaline membrane formation was apparently insufficient to
stabilize units smaller than 90 microns in radius at a pressure of 5 cm of water.
On the other hand, even the smallest units of normal lungs could be stabilized at
this pressure. These findings were further corroborated in a subsequent paper
by Gruenwald, 51 who made pressure/volume measurements on postmortem lung speci-
mens from 37 infants, and in addition, measured surface activity of saline
extracts. A good correlation was found between the alveolar stability of the
lungs and the surface activity of the extracts.

In line with these findings, the composition of the surface-active material
was being investigated. Klaus and co-workers 58 analyzed foam obtained from beef
lung and found it contained from 5O to 75 percent lipids and 5 percent nitrogen.
The lipids were composed of 74 percent phospholipids and this portion of the
lipid fraction produced the major effect on reducing surface tension. A number
of subsequent studies indicated that the primary component of the phospholipids
was dipalmitoyl lecithin. Interestingly enough, the presence of high amounts of
this substance had been reported several years earlier by Thannhauser. 90 The
physiologic significance of dipalmitoyl lecithin was not known at the time of
this finding, however.

Subsequent to this, a great deal of work has been conducted up to the
present time on the composition and properties of pulmonary surfactant. 19 In
a recent summary, Clements reports that surface-active material derived from
lungs contains 41 percent dipalmitoyl lecithin, 25 percent monoenoic lecithin,
9 percent protein, and 1 percent sphingomyelin, with the remainder consisting
of a variety of lipids and phospholipids. The protein portion of the surface-
active material is reproducible in extracts from several animals. This protein
is believed to play an important role in the properties of lung surfactant in
that it has been shown to increase the rate of adsorption of phospholipids on the
surface. Lecithin by itself would be ineffective at the surface of the alveoli,
although it is the principal component of the surface-active material which is
largely responsible for the stability of the alveoli. Clements points out that
a turnover of phospholipids at the alveolar surface occurs as the film collapses.
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Therefore, the lung must continuously supply phospholipids to maintain stability.
In the absence of an active synthesis of phospholipids, an infant's lung might
be stable for a short period of time and subsequently degenerate because the
rate of synthesis could not keep up with the phospholipid turnover.

In parallel with the studies of phospholipid composition, research efforts
were directed to the methods of synthesis of phospholipids by the lung tissue.
As mentioned previously, Macklin suggested the Type II alveolar cells were secre-
tory. This work was followed up in 1961 by Klaus and co-workers, 59 who proposed
that the surface-active lining of the mammalian lungs forms in the mitochondria
of the Type II alveolar cells. In conjunction with this, Buckingham and Avery
reported12 that the surface activity of extracts from mice lungs show very little
surfactant activity until the nineteenth day. The appearance of the surfactant
activity corresponds with the appearance of the inclusion bodies in the Type II
alveolar epithelial cells. Thus, this work, as well as that of many others,
showed the correlation between appearance of the Type II cells and the surfactant
activity. A great deal of experimental work then followed on the development of
surface activity in mammalian lungs. 43*44 These studies identified two main path-
ways of lecithin synthesis. The first, called the CDP choline pathway, was shown
to be the major pathway in the rabbit and sheep fetus. The second pathway
involves methylation of phosphatidyl ethanolamine. In the sheep and rabbit, this
second pathway, designated the methylation pathway, is not significant until sev-
eral days after birth. The story, however, is different in the monkey and human
fetus, as shown by the studies of Gluck and co-workers. 46 In vitro studies on
nonviable human fetuses demonstrated that the CDP choline pathway could be iden-
tified by 18 to 20 weeks' gestation. However, it was relatively inactive until
the thirty-sixth week of gestation. The methylation reaction was identifiable
by the twenty-fourth week of gestation but was evidenced only at a very low activ-
ity. Thus, the animal models which were studied intensively to elucidate the
mechanisms of phospholipid synthesis had some differences when compared to the
human. Following Gluck's work, a series of studies on the enzymes involved in
the synthesis of lecithin in humans was performed by Zachman. 103 The details of
the biosynthetic pathway are too numerous to be described in detail in this
review. Suffice it to say that work with human tissue was essential to establish
the biosynthetic pathway by which lecithin is synthesized in the human lungs. A
recent report by Gluck and co-workers indicates that the rhesus monkey may serve
as a good model for studying development of phospholipid synthesis. 48

With the establishment that lecithin was synthesized by lung tissue and was
the major component of the surfactant, the question arose as to how one could use
this knowledge in the prediction of respiratory distress syndrome. An important
step in this direction came in 1967 with the work of Scarpelli, 83 who showed that
the lung was the source of tracheal fluid phospholipids. He demonstrated that
the phospholipid content of tracheal fluid was similar to that of amniotic fluid
and suggested that the former might be a source of phospholipids in the amniotic
fluid. Demonstration of the validity of this concept was made in the classic
work of Gluck in 1971, 45 who showed that changes in phospholipids in amniotic
fluid obtained by amniocentesis reflected those in the lung of the developing
fetus. A sudden increase in the concentration of lecithin occurs at 35 weeks and
this increase signifies the maturity of the pulmonary alveolar lining. The esti-
mation of the lecithin concentrations was based upon the fact that the amniotic
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fluid sphingomyelin concentration remained relatively constant throughout gesta-
tion and could serve as an internal standard. These results implied that the
likelihood of RDS could be diagnosed antenatally by measurement of the lecithin/
sphingomyelin ratio in amniotic fluid. In the ensuing four years after Gluck's
study, over a hundred reports have appeared in the literature. 7 These reports
have confirmed the clinical predictability of amniotic fluid phospholipids for
the risk of RDS. A compendium of the results indicates that a properly deter-
mined amniotic fluid L/S ratio greater than 2. 0 indicates with almost 100 percent
probability that the infant will not develop RDS. The question remains open,
however, about the probability of RDS occurring in L/S ratios less than 2. 0.
Another method of determining surfactant activity of amniotic fluid is the shake
test described by Clements. 18 A number of studies have been conducted on the
value of this test in predicting the pulmonary maturity of an infant, and these
indicate that this method can provide a good screening method. If the shake test
is positive, there is a very high probability of pulmonary maturity. If the test,
however, is negative, it is advisable to obtain an L/S ratio to determine more
accurately the degree of fetal maturity.

The knowledge that a lack of sufficient surfactant synthesis led to RDS,
coupled with the ability to predict pulmonary maturity by amniocentesis led to
the desire to find a method of stimulation of fetal lungs antenatally in cases
where premature delivery was a threat. Such an advance came in 1972 in work by
Liggins and Howie. 67 These authors showed that the administration of glucocorti-
coids more than 24 hours before delivery decreased the likelihood of postnatal
respiratory distress.

To understand the rationale for this work, it is necessary to review
briefly past work on the effect of steroids on fetal stimulation. As early as
1953, Moog73 had demonstrated that cortisone induced certain enzymes in the
intestines of fetal mice. In 1961, Migeon et al., 70 had shown that cortisol
administered to mothers at midpregnancy could cross the placenta from mother to
fetus. Because of the increasing use of cortisone in medical practice for con-
ditions such as severe asthma, rheumatoid arthritis, and Rh sensitization, sev-
eral studies were performed during this period and later to determine the danger
or safety of administering cortisone during pregnancy. 69, 97, 102 Although caution
was advised, this therapy did not appear to have an untoward effect on the infant,
and long-term corticosteroid therapy was not felt to be a contraindication to
pregnancy.

However, it was not until 1968 that the role of hormonal steroids in fetal
lung maturation was suspected. Buckingham et al., 13 were the first to suggest
that fetal steroids may influence pulmonary epithelial cell maturation, just as
Moog had found in the fetal intestine. The same year, Liggins65 in New Zealand
reported that infusions of cortisol into fetal lambs resulted in premature par-
turition. This was followed by a second report by Liggins66 in 1969 that dexa-
methasone caused the same effect. More important, however, was his finding that
dexamethasone administered directly to fetal lambs promoted lung maturation as
determined by physiological parameters. He suggested that this may be the result
of accelerated appearance of surfactant activity. It is also important to note
that Liggins found that neither cortisol or dexamethasone induced parturition
when administered to the pregnant ewe rather than directly to the fetus.

15-81



Dr. Mary Ellen Avery, while visiting with Dr. Liggins in New Zealand,
quickly recognized the significance of his findings and initiated an intensive
research program at McGill University-Montreal Children's Hospital Research
Institute. By 1969, DeLemos et al., 21 reported preliminary findings which con-
firmed the accelerated maturation effects of corticoids and ACTH in fetal lambs,
and in 1970, DeLemos et al., 22 were the first to demonstrate increased surfactant
in the lungs of cortisol-treated fetal lambs. This classical report set off what
amounted to an explosion in research into the role of steroidal hormones in fetal
lung maturation. The effect of corticoids on general fetal lung maturation was
quickly confirmed in lambs, rabbits, and rats, 57, 61, 62, 63, 74, 80 and the effect on
increased surfactant was confirmed in rabbits. 62-63-74

In 1971, Kotas and Avery62 suggested that the administration of a glucocor-
ticoid accelerated a normal sequence of differentiation in the fetal rabbit lung.
This was quickly followed by a report by Wang et al., 98 who observed that the
Type II cells of cortisol-injected rabbit fetuses underwent rapid cytodifferen-
tiation showing decreased quantities of glycogen and increased numbers of lamellar
granules. The same effect was reported by other laboratories in the same year. 57, 80

Also in 1971, Naeye et al., 77 reported that anencephalic neonates with hypoplastic
adrenal cortices had, in comparision with neonates without this malformation, less
than half the mass of osmiophilic granules in Type II alveolar cells.

As a result of these key discoveries in the 1968-1971 period, several fronts
were opened for further investigation. As would be expected, several laboratories
began to probe deeper into the basic questions of pneumonocyte enzyme induction by
steroidal hormones and glucocorticoid receptors in the fetal lung. Farrell and
Zachman, 29-30 for example, reported in 1972 and 1973 that there was a marked
enhancement of choline incorporation into surface-active lecithin in fetal rabbit
lung after pretreatment with dexamethasone, and in 1973, Farrell and Blackburn31

demonstrated an increase in choline phosphotransferase and lecithin synthesis in
rat lungs from decapitated fetuses six hours after intraperitoneal injection of
dexamethasone. Smith and co-workers extended these studies into cell cultures
prepared from fetal rabbit lungs and midterm human fetal lung. 8588 Their studies
suggest that cortisol may increase fetal pulmonary cellular growth in early ges-
tation while enhancing maturation and slowing growth as term approaches. During
this same period, Ballard and Ballard demonstrated first in rabbits10 and then in
the human fetus and neonate11 that the lung contains the receptor mechanism neces-
sary for direct responsiveness to glucocorticoids. In a series of papers,
Giannopoulos and co-workers 38-41 demonstrated large variations in the levels of
lung glucocorticoid-binding protein (GBP) among different species as well as in
the same species at different developmental stages.

While several other workers continued to demonstrate the role of steroidal
hormones in regulating surfactant synthesis in animal models such as the lands,
rat, and monkey, 80, 31, 23 Liggins and Howie67 in 1972 published the preliminary
results of a controlled clinical trial in New Zealand. They reported that ante-
partum glucocorticoid treatment reduced the incidence of RDS in human infants
born before 32 weeks of pregnancy. The same year, Baden and co-workers8 in
Montreal reported on a clinical trial of hydrocortisone therapy in neonates with
RDS. They found no endogenous deficiency of corticosteroids in infants with RDS
and demonstrated that the postnatal use of corticosteroids did not benefit the
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infant with RDS. The following year, Howie and Liggins53 reported on an extended
clinical trial with antepartum betamethasone treatment. Reduced incidence of RDS
was confirmed for infants born before 32 weeks of pregnancy and more than one day
but less than seven days after the start of treatment. They cautioned that intra-
partum fetal deaths were greater in the treated group than in controls in those
patients with evidence of placental damage. While this difference was not at a
significant level, preeclampsia would contraindicate betamethasone administration.
The following year, Fargier and co-workers?8 in France reported on a similar clini-
cal trial using betamethasone. They reported that the antepartum treatment reduced
the incidence of hyaline membrane disease in premature infants from 20 percent in
the control group to 4. 4 percent in the infants born of treated mothers.

The significance of the findings of Bader et al., 38 who had reported that
RDS infants had no endogenous deficiency of corticosteroids, was clarified by
Murphy75 in 1974, who demonstrated that the cortisol and cortisone levels in mixed
cord blood, taken at delivery, was lower in infants which subsequently developed
RDS than in normal infants. She suggested that pre- and postnatal stress increased
cortisol levels; therefore, the stress associated with the RDS would quickly lead
to a rise in cortisol in the distressed infant and the cortisol deficiency present
at birth would be undetected in subsequent measurements.

In 1973, Spellacy et al., 89 reported that the rate of rise of amnionic-
fluid L/S ratio in human pregnancies was significantly increased by the adminis-
tration of a synthetic glucocorticoid to the mother. Similar findings were
reported by Caspi et al., 14 the same year. While these studies were limited in
scope and the significance of the findings needs to be carefully evaluated, they
do illustrate the first use of amniocentesis in the steroid investigations. In
January, 1975, Fencl and Tulchinsky33 reported on a study relating total cortisol
concentration in amniotic fluid with the L/S ratio at various stages of gestation
in normal human pregnancy. They found a good rank correlation between cortisol
and L/S ratio with a sharp increase in total amniotic-fluid cortisol after the
thirty-fourth week of gestation which continued to rise as pregnancy progressed.
They also noted that no occurrence of RDS was observed in the newborns when,
48 hours before labor, total amniotic-fluid cortisol was higher than 60 mg. per
milliliter.

While the role of surfactants has occupied a central place in the last
several years in the etiology and prenatal treatment of RDS, a number of other
lines of investigation also shed some light on the other aspects of fetal devel-
opment. One of these concerns the role of proteolytic enzyme inhibitors in the
maturation of the lung. In 1970, it was first reported by Evans and co-workers2S

that a correlation existed between the incidence of RDS and reduced alpha-l anti-
trypsin levels. This result was confirmed in a subsequent paper26 in which the
same authors reported that total trypsin inhibitory capacity levels were signifi-
cantly lower in the umbilical cord serum of newborn infants with RDS than in
weight-matched control subjects. These results suggested that serum enzyme
inhibitor levels could be of diagnostic value in the newborns for predicting the
susceptability to RDS. The possibility of an antenatal diagnosis was also inves-
tigated by performing amniocentesis in 30 women in whom saline-induced abortions
of presumably normal fetuses were to be performed. These were obtained at 12-22
weeks gestation and some relationship was found between alpha-l antitrypsin levels
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and the gestational age. Further studies on this phenomenon34 were performed by
examining the lungs of 20 newborn infants whose death was attributed to RDS.
Eight of the ten infants who had hyaline membranes also had alpha-l antitrypsin
present in the lungs. This protein was not detected in infants who did not have
hyaline membrane. The authors suggested that alpha-l antitrypsin may play a role
in the formation of hyaline membrane. The association of serum trypsin inhibitor
capacity and RDS was independently confirmed by Kotas and co-workers. 64 The
trypsin inhibitory capacity of umbilical cord serum was measured in 112 premature
and 164 full-term infants to predict the subsequent development of fatal RDS.
The activity of the trypsin inhibitor rose with weight in infants weighing between
1500-2500 grams. These authors concluded that umbilical cord trypsin inhibitory
capacity measurement may be a useful test to identify newborn premature infants
who are likely to develop fatal RDS. This finding, however, has been disputed
recently by Francis and co-workers, 36 who stated they found no relationship
between antitrypsin levies in infants with RDS. They felt the trypsin inhibitor
levels were indicative of fetal development in general and were not specific
indicators of RDS.

Another possible aspect of the etiology of RDS is the effect of the fibri-
nolytic system. As indicated previously, a major component of the hyaline mem-
brane is fibrin which is formed from transudation of plasma proteins into the
alveolar spaces. In 1963, Ambrus and co-workers1 reported that the serum of pre-
mature infants had little or no plasminogen and associated this lack with the
pathogenesis of RDS. They explored the therapeutic value of administering uro-
kinase-activated human plasmin in cases of RDS. 2 A substantial increase in the
survival rate was noted, however, because of the high cost of urokinase, practical
application of this result remained somewhat questionable. An alternative to
urokinase-activated plasmin is plasminogen itself. A study of the effect of
plasminogen administration was recently reported. 4 A double blind study was per-
formed with 100 premature infants in which plasminogen or placebo was administered
to the infants immediately after birth. The treated infants have a significantly
lower incidence of severe RDS and death resulting from RDS. Thus another possible
mode of prophylaxis of RDS may be indicated by these studies.

One of the most effective methods of therapy for RDS is the application of
continuous distending airway pressure. 49 The development of this method arose
from the understanding of the lack of stability of the pulmonary alveoli due to
lack of surfactant. By the use of a low continuous pressure at end-aspiration,
the alveoli are, in essence, prevented from collapsing. This form of therapy
results in better gas exchange than does conventional ventilation, and its early
application may have some advantages in altering the course of RDS.

Contribution of Fetal Research to RDS

Fetal research played an important role in several key discoveries in the
understanding of the etiology of RDS. After the classic work of Avery in 1959
in which it was demonstrated that the lung extracts of infants who died from RDS
had very low surfactant levels compared to lungs of premature infants dying from
other causes, the role of the development of the surfactant biosynthesis system

15-84



in the lungs assumed a central place in the etiology. The work in 1971 by Gluck
in which he showed that the degree of maturity of the lung surfactant system
could be predicted through amniocentesis was a landmark in the progress made
toward conquering RDS. In Gluck's subsequent 1972 paper, he showed differences
in the surfactant system of the human fetus compared to animal models. This, in
turn, implied that research in the developing human fetus was essential for fur-
ther understanding of the pulmonary surfactant system.

Prior to the initial clinical trial of antepartum glucocorticoid treatment
conducted in New Zealand by Liggins and Howie, human fetuses had not been used
in research on steroid function in lung maturation. Lambs, rabbits, and rats
had been used to demonstrate the potential value of steroid treatment in acceler-
ating fetal lung maturation. Of course, the early work of Migeon and others who
had investigated the effect of steroidal hormone medication in pregnant women was
very important. All of the animal studies had required direct infusion of the
fetus for effective treatment because the corticosteroids did not cross the animal
placenta. The fact that Migeon et al., had demonstrated that cortisol and corti-
costeroid did cross the human placenta allowed Liggins and Howie to administer the
drug to the mother, a far less risky procedure. Therefore, the clinical trial in
New Zealand was the first human experimentation directly related to the use of
hormones in reducing the risk of RDS.

As previously discussed, this field of research is in its infancy with many
lifesaving discoveries yet to be made. Human fetal research will be an important
part of these continuing studies since it has already been demonstrated that major
species differences exist. In past years there has been no satisfactory animal
model for the mother-placenta-fetus system for studies aimed at unraveling the
complex hormonal role in fetal lung development, although recent reports indicate
that the rhesus monkey is promising.

Effect of a Retrospective Ban on Fetal Research

As indicated previously, the ability to perform research involving the human
fetus played an important role in understanding the etiology of RDS. The impor-
tant work by Gluck in 1971 in which he followed the appearance of phospholipids in
amniotic fluid was based on analysis of samples obtained by amniocentesis. Had he
not been able to perform amniocentesis, this method for predicting fetal maturity
and the resulting ability of the fetus to survive would not have been developed.
Furthermore, understanding of certain aspects of the maturation processes of the
human fetus would be lacking. As Gluck pointed out, the human is different from
available animal models, and thus an accurate understanding of human fetal matur-
ation processes must be obtained from human studies.

The method of antenatal steroid treatment to stimulate development of the
fetal pulmonary surfactant system was, of necessity, evaluation in a human clini-
cal trial. A large number of animal studies had indicated that administration of
steroids could stimulate lung maturation of the fetus. However, the relevance
and value of this treatment for the human could only be determined by studies in
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the human. Admittedly, this treatment is still experimental, and its ultimate
value still open to some questions. But if human studies had not been done,
animal studies related to this would be merely of a laboratory finding reported
in physiological journals.

Future Outlook

Despite the fact that significant advances have been made in understanding
the etiology of respiratory distress syndrome, a great many questions still remain
unanswered. In the broadest sense, a complete understanding of the process of
human fetal development is still lacking. Although a great deal of work has been
done with the development of the pulmonary system in laboratory animal models, the
relevance of these models to the human fetus is not well established. In fact, it
has been shown that the phospholipid biosynthetic pathways in animal models are
different from those in humans. A great deal remains to be learned about the
biochemical messengers that prepare the fetus to survive when birth is imminent.

Stimulation of the phospholipid biosynthetic pathway of the fetus by admin-
istration of glucocorticoids to the mother offers an attractive route for the pro-
phylactic prevention of RDS. However, much remains to be learned about this
before antenatal steroid administration can be considered an acceptable clinical
method. In the first place, the reasons for its lack of effectiveness after
32 weeks gestation need to be determined. Secondly, the effect of glucocorticoids
on other biosynthetic and metabolic pathways in the fetus has not been elucidated.
The report of Liggins and co-workers of a higher intrapartum death rate in the
treated infants from toxemic mothers as compared to the controls needs to be inves-
tigated further for its statistical significance. Another question which remains
to be answered is the long-term effect of administration of glucocorticoids on the
child. It is possible that a child treated through the mother with glucocorticoids
may have sequelae several years subsequent to birth. As stated above, the bio-
chemical messengers which prepare the fetus for survival in the outside environment
when delivery is imminent are not well understood. A long period of labor appears
to induce maturation in a premature fetus's pulmonary system. It is well estab-
lished that delivery of a premature infant by cesarean section before the onset of
labor results in a much higher risk of RDS. The reasons why the lack of a labor
period causes this predisposition need to be clearly elucidated.

Further work also needs to be done on the efficacy of plasminogen treatments
of infants who have a high risk of RDS. The clinical trials performed thus far
indicate a statistically significant benefit from plasminogen treatments, but
larger numbers of cases need to be done to establish overall efficacy. Since
achieving an understanding of RDS involves an understanding of the overall process
of the human fetal maturation process, further research in this area should have
implications over a very broad range. An understanding of the nature of hormone
receptors and the induction of biosynthetic pathways could be a result of these
investigations. Contributions are likely to be made in understanding of the eti-
ology of such important diseases as emphysema and cancer. An effective armamen-
tarium of treatment methods, both antenatal and postnatal, for RDS can be expected
from the lines of investigation now underway and hopefully can lead to a very
large saving of human life in the future.
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Introduction and Summary

Because the objectives of this study included the identification of the
role of research involving living human fetuses in the four cases, and estimation
of the effect of a retrospective ban on such fetal research, the adequacy and
availability of animal models were considered. The foregoing descriptions of
each of the cases include information on animal models, but because of the impor-
tance of possible animal models to the conclusions drawn, this section of the
report has been prepared to centralize and expand on the information on animal
models for the research on living human fetuses. Summaries of the findings are
presented below.

Congenital Rubella Syndrome (Rubella Vaccine)

In the research that established the association of congenital rubella
syndrome with rubella in the mother, research on living human fetuses was not
involved, and therefore the question of possible animal models is irrelevant.
The association was established by studies on stillborns or neonates, which do
not fit the definition of research on living human fetuses as used in this report.

Establishment of the efficacy of the vaccine in preventing rubella and
therefore preventing congenital rubella syndrome again do not involve fetal
research—humans including nonpregnant women were used. In the determination
of the safety of vaccinating pregnant women, human fetuses were used. Studies
with animal models had shown that the live attenuated virus would not cross the
placental barrier. The inadequacy of these models became apparent after vacci-
nation of presumed nonpregnant women. Examination of the fetuses after induced
abortion showed the presence of the live attenuated virus. A study involving
pregnant women planning abortions was then done to verify the findings of the
few accidental vaccinations.

Amniocentesis

As a procedure, no record could be found of animal experimentation before
its suggested use in humans for therapy of hydramnios in 1882. Since that time
there has been considerable animal work, but differences in the amniotic fluid,
pelvic structure, trauma resistance, fluid barrier and placenta location exclude
animals as good models for the procedure. This conclusion was also reached by
the Yale group in the concurrent but separate study (Contract No. NO1-HU-5-2112).

As has been described earlier, amniocentesis played an important role in
characterizing and detecting Rh hemolytic disease and in the determination of
the degree of fetal lung maturation. It also allows the detection of sex and of
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a number of genetic defects in the fetus. These methods depend on the study of
the fluid or of the cells either directly as harvested from the fluid or after
cell culture. Although animal models for most of these abnormalities are not
available, the harvesting and growth of cells can be demonstrated from animal
amniotic fluid. However, had not the amniocentesis procedure been available,
study of the human amniotic cells would not have been possible.

Isoimmunization (Rh Vaccine)

In this case, fetal research was vital in antenatal characterization and
detection of the disease. Detection of the disease in the fetus allowed the
determination of the need for antenatal transfusions, which drastically reduced
the number of in utero fetal deaths. No adequate animal models for Rh hemolytic
disease were available in the 1950s when these studies were begun. Intensive
study of immune diseases in primates was begun in the middle 1960s, and it now
appears that adequate models may exist, except for the problems of animal avail-
ability.

It must be pointed out that the fetal research necessary for the eradica-
tion of this disease depended on amniocentesis. In antenatal transfusion therapy,
the need for the transfusion is dictated by examination of the amniotic fluid.
Actual in utero fetal transfusions were preceded by animal studies.

Development of the Rh vaccine, once an understanding of the disease process
was gained, did not involve fetal research and the efficacy of the vaccine was
proved through use of male volunteers.

Respiratory Distress Syndrome

The role of surfactant in RDS was established by the study of neonate
victims of hyaline membrane disease. Methods to measure lung maturation (which
is predictive of RDS) were developed by both animal and human fetal research.
Because of interspecies differences in the rate of lung maturation, the latter
was necessary at the time it was done, since an adequate animal model did not
exist at that time. Fetal research was necessary for definitive conclusions to
be made.

In the development of antenatal glucocorticoid therapy, the effect of the
drug was established in animal studies. With animals, the glucocorticoid had
to be delivered directly to the fetus because the drug did not pass the placen-
tal barrier. Thus fetal research was necessary to establish that maternal admin-
istration of the drug in humans resulted in fetal uptake and consequent lung
maturation.
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Congenital Rubella Syndrome

Since the isolation of the etiologic agent of rubella1 and its definitive
association with the congential rubella syndrome, 2 considerable effort has been
directed to establish an animal model for congenital infection by rubella virus.
In this regard, several animal species have been investigated. Congenital infec-
tion with natural "wild" rubella virus has been achieved in ferrets, 3 rats, 4 and
rabbits. 5, 6

Avila et al., 7 studied rubella virus induced congenital abnormalities in
the rat. Intramuscular inoculation of rubella virus into pregnant rats did not
have an effect on the developing embryo. Direct intrauterine injection of live
virus, however, caused an increase in resorption rate and retardation of post-
natal growth. These effects are also found in congenital rubella infection of
humans, 8'9 monkeys, 10-13 and rabbits. 5 In addition, ocular abnormalities in
3 of 64 offsprings of dams given direct intrauterine injections were observed.
However, repeated attempts to isolate virus from the offspring, from resorption
sites, and from retained placenta in mothers who failed to deliver were uniformly
unsuccessful.

The results from several laboratories indicate that the rabbit may be a
useful model for studying congenital rubella. 5, 6, 14-16 Kono described eye defects,
including cataracts and microophthalmia in congenitally infected rabbits. 17

London et al., 16 have demonstrated that rubella virus caused congenital infection
when pregnant rabbits were inoculated on the sixth day of gestation. However,
there were no gross malformations in any fetuses, newborns, or babies.

In a study designed to determine the effect of vaccination on the trans-
placental transmission of rubella virus in rabbits, Cohen et al., 18 demonstrated
that the effect of vaccination on congenital rubella in rabbits corresponds in
general to the observations in man 19-22 in that rubella infection occurred in
preimmunized animals. Further similarity in rubella infection in rabbit and man
was seen in the HAI response. The response in adult rabbits to vaccine was
varied and relatively poor in comparison with that following the injection of
low passage virus as noted in children with HPV-77 virus by Meyer et al., 23 and
in rabbits with HPV-77 (duck embryo) by Oxford and Potter. 24

The virus recovered from young rabbits of dams immunized with vaccine
virus and challenged with "wild" virus appeared to be "wild" virus. This is
consistent with the failure of Kono et al., 5 to isolate vaccine virus from off-
spring of immunized dams, indicating lack of passage of vaccine virus across the
placenta. As will be pointed out later, the human situation regarding transpla-
cental passage of vaccine virus is different from that of the rabbit. Further
differences in placental behavior were shown by the finding that IgM will not
cross the human placenta but will transverse the rabbit placenta.

In addition, a number of nonhuman primates have been evaluated for use as
model systems. These include baboons (Papio spp)25, 26 chimpanzee (Pan troglo-
dytes), 25 rhesus monkeys (Macaca mulatta), 27-33 African green monkeys (Cerco-
pithecus aethiops), 34-35 cynomolgus monkeys (Macaca fascicularis), 36 and patas
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monkeys (Erythrocebus patas). 37 These animals are susceptible to rubella virus
infection; however, fetal abnormalities similar to congenital rubella in the
human38 are rarely seen. 27, 29, 32, 33

Recently, Patterson et al., 39 used marmosets to investigate susceptibility
to rubella virus infection. Marmosets were susceptible to infection by intra-
nasal inoculation. Infected animals began to excrete virus 12 days after inocu-
lation and continued to shed virus for 6-7 days. Significant hemagglutination-
inhibition antibody developed by 3-7 weeks postinoculation. The infection was
shown to spread naturally; one uninoculated animal of three exposed to the
infected group developed rubella HAI antibodies. However, there were signifi-
cant differences in rubella infection in marmosets compared to natural rubella
in humans. The infected animals did not develop clinical signs of infection.
Further, congenital rubella virus infection or anomalies were not present in the
fetuses of two female marmosets infected during early pregnancy. The value of
the marmoset model for congenital rubella, therefore, remains to be established.

Sever et al., 33 reported on experimental rubella infection in pregnant
rhesus monkeys. Five pregnant monkeys were inoculated intravenously with rubella
virus during day 25 and 28 of gestation. None of the animals developed clinical
disease; however, virus was recovered from the nasopharynx of 4 of the 5 animals,
and the blood of 2 animals. Further, neutralizing antibody was detected on day
14 and complement-fixing antibody was present at six weeks. At the time of
delivery, 1 stillborn and 4 live offsprings were studied; there was no evidence
of infection or congenital malformation. However, 1 of 3 offsprings had anti-
body at six months of age, suggesting active antibody production due to undetec-
ted transplacental infection.

Parkman et al., 32 reported that after rubella virus inoculation of 6 preg-
nant rhesus monkeys in the fourth week of gestation, virus was found in 3 of the
fetuses 10 to 31 days later.

Hopps et al., 40 reported on a comparison of virulent low passage rubella
virus (LPV) and attenuated high passage rubella virus (HPV-77) infection in
12 pregnant rhesus monkeys. The animals were inoculated parentally during the
fourth week of gestation, 6 animals received HPV-77, and 6 were inoculated with
LPV. All of the animals developed antibodies. The animals were sacrificed 10
to 33 days after inoculation and specimens of maternal and fetal tissue were
collected for virus isolation. Rubella virus infection was transmitted to the
products of conception in 5 of the 6 animals inoculated with the virulent LPV
strain. However, in those 6 animals inoculated with the attenuated HPV-77 strain,
no rubella virus was isolated from maternal or fetal specimens taken 17, 21, and
28 days after inoculation.

From what has been reported for the animal model systems evaluated, it is
clear that the experimental animals behave differently when exposed to rubella
virus. With most animals, congenital infection with natural "wild" rubella virus
can occur, but in many cases, congenital malformations are absent. Where con-
genital defects have been reported, they primarily involve the eye. The spectrum
of congenital abnormalities in animal model systems does not approach that found
in humans.
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A most important consideration when discussing the appropriateness of
animal models is that vaccine virus did not cross the placenta and infect the
fetus. Based on this, the vaccine could be considered safe for use in pregnant
women. This, however, was not the case in humans where it was shown that vac-
cine virus did cross the placenta and did infect the fetus.

To quote from testimony given by Dr. Michael Oxman, Harvard Medical
School, before the Massachusetts State Legislature, "When rubella vaccine was
first developed, an important question was its safety for the fetus—in other
words, would the vaccine virus behave like the natural 'wild' rubella virus and,
after infecting the mother, cross the placenta to infect and damage the fetus?
Tests were done in pregnant monkeys and whereas the 'wild' rubella virus did
cross the placenta and did infect the monkey fetus, just as it does in the human,
the vaccine virus did not. This suggested that administration of rubella vaccine
to pregnant women might not be hazardous to the fetus. Fortunately, however,
physicians in several medical centers then performed the same study in women
scheduled for therapeutic abortions. After a full explanation of what was
involved, a number of women volunteered and received rubella vaccine ll to 30
days prior to their abortion. Subsequent examination of the aborted fetal tis-
sues showed that, in contrast to the results in the monkey, the vaccine did cross
the human placenta and did infect the human fetus. On the basis of this informa-
tion, the administration of rubella vaccine to pregnant women or to women who
might become pregnant within 60 days of vaccination is prohibited. "

Based on these considerations, it is clear that animal models have been
inappropriate for congenital rubella and in some cases, misleading in terms of
vaccine safety.
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Amniocentesis

When considering an alternate animal model in lieu of amniocentesis on
humans and fetal research, one should differentiate between the amniocentesis
procedure per se, and the diagnostic and therapeutic procedures performed via
amniocentesis. In both situations the possibilities of an alternate animal
model must be considered for the procedure per se or as a model for developing
a diagnostic or therapeutic procedure. Thus, this section will attempt to out-
line the possible alternate animal models for each situation.

Alternate Animal Models for Developing Amniocentesis Procedure

Various animal models have been considered for evaluating amniocentesis,
but unlike the human, the embryos of domestic animals (sheep, cattle, horses,
pigs, and cats) have large allantoic vesicles and, as a result, contain large
volumes of both allantoic and amniotic fluids. 1 Harsh et al., 2 indicate in their
paper that the amniotic volume patterns do differ from animal to animal. In the
cat and guinea pig, amniotic fluid shows a slight fall in volume followed by a
climb to term. The rat, hamster, mouse, and rabbit show a very rapid decrease
to virtual disappearance near term while moderate to rapid decreases near birth
are characteristic of the sow and cow. Sheep and human beings show a stationary
volume or slight decline near birth once a maximum is attained. A hair satura-
tion factor may affect the amniotic volume in some animals because the amniotic
fluid attaches more and more to fetal hair as term approaches. 2 Thus, it is
apparent that many of the potential animal models are unsatisfactory because they
show a distinct difference from humans in the volume of amniotic fluid present
during the gestational period. In addition, the only animal models which might
be suitable for developing the technique of transabdominal amniocentesis should
be monovular and possess a unicornuate uterus. 3 This statement is based upon
the fact that the technique could not be satisfactorily evaluated either in uteri
containing multiple fetuses or in a bicornuate uterus because of structural dif-
ferences relative to humans. These restrictions reduce the potential animal
model to higher primates, e. g., monkeys, chimpanzees or baboons.

In considering a higher primate, one must examine the similarities and
differences between it and humans. Some of the similarities, although not nec-
essarily related to the procedure per se, would include the following:

(1) Access to the rhesus monkey fetus in utero is possible and sam-
ples of fetal body fluids can be obtained throughout gestation. 4

(2) The embryological studies of Heuser and Streeter5 and Streeter6

have demonstrated that the anatomical and temporal aspects of
morphological development in the macaque is similar to the human
embryo in most respects throughout the critical period of dif-
ferentiation.
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(3) It has been shown that there is a similarity in the rhesus
monkey and humans as regards embryotoxity, i. e., identical
teratological manifestations as seen in humans have been
produced in rhesus monkeys regarding radiation, androgenic
hormones and thalidomide syndrome. 7

(4) Placental structure in rhesus monkeys is highly analogous
to the human during the later stages of pregnancy. 7, 8

(5) The virtual identity between female human and monkey repro-
ductive physiology has been established by many investiga-
tors. 7

As a result of human amniocentesis, some investigators are now routinely
performing amniocentesis in subhuman primates. 9 This would lead one to believe
that indeed the higher primates could have been used as models to perfect the
technique. However, the reasons cited below are also considered valid by some
investigators for not employing primates in developing amniocentesis as a pro-
cedure. These include the following:

(1) Significant difference in the amniotic fluid: fetal size
ratio relative to humans leading to invalid extrapolation
of a technique developed in these animals to humans, espe-
cially for late second and third trimester amniocentesis.

(2) Difference in skin and subcutaneous tissue composition such
that development of skill by the operator would not be appli-
cable to humans.

(3) Difference in boney pelvis structure to the extent that this
hard tissue, in many cases, would not allow invasion of the
uterus at the desired human site. 3

(4) Placental position in some of these species is characteris-
tically anterior so that transabdominal entry into the uterus
would always be through the placenta. 3

(5) Size of the uterus is always smaller at equivalent stages of
pregnancy.

(6) Size differences also introduce the problem of needle diameter
and length. Properly sized needles for humans could not be
determined without direct evaluation on humans.

(7) The simian uterus is resistant to trauma10 which suggests that
premature delivery might occur if the techniques developed in
primates were extended to humans.

(8) There is a fluid barrier around the amnion in some monkeys
which provides a self-sealing mechanism to prevent losses of
amniotic fluid from the puncture site. 9 Loss of amniotic fluid
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following amniocentesis has been implicated in various
anomalies. One case of Potter's facies has been reported
in a human newborn after prolonged leakage of amniotic
fluid. 11

(9) During the later stages of gestation the volume of amni-
otic fluid available would be decreasing due to the hair
saturation factor as mentioned earlier.

In the evaluation of amniocentesis in mice and rats, numerous anomalies
including malformation of the extremities, microstomia, short umbilical cord and
particularly cleft palate were reported after the procedure was performed. 12"22

These animal experiments in mice and rats showed that cleft palate could be pro-
duced with 100 percent frequency if amniocentesis was carried out in a certain
stage of pregnancy prior to palate closure. The similarities between the defects
produced by amniocentesis in rats and mice and human cases of cleft palate led
Poswillo9 to suggest that amniocentesis might produce the same effect on human
fetuses during the first trimester of development. It must be remembered at
this time that only a very limited number of amniocenteses have been performed
during the late first trimester period.

Poswillo9 has shown that a suitable animal model, the Macaca irus monkey,
does exist for demonstrating closure of the posterior palate at day 46 of devel-
opment, and, according to Kraus et al., 23 the human palate closes at day 47.
There results showed that the congenital defects produced in the lower species
(rats and mice) by amniotic-sac puncture were not reproduced in the M. irus mon-
key. Thus, it would appear on the basis of these limited data that the hazard
of inducing congenital malformations, e. g., cleft palate, is far less than that
predicted by the rat and mouse studies. Furthermore, thousands of amniocenteses
have been performed in humans during the second and third trimester of pregnancy
and the complications noted are less than one percent. This would be additional
proof that amniocentesis per se does not cause congenital malformations as
observed in the rat and mice studies.

Although Poswillo9 has demonstrated an animal model which closely parallels
the human embryo during the first trimester of development, it is very doubtful
if this animal model can be adequately extrapolated to cleft palate formation in
human embryos. The reasons for this conclusion are as follows:

(1) The most significant reason is the fluid barrier surrounding
the amnion in M. irus which provides a self-sealing mecha-
nism to occlude puncture wounds of both the amnion and cho-
rion. This self-sealing mechanism has not been demonstrated
in humans, and, if Trassler et al., 22 are correct in their
assessment of the malformations caused in rats and mice,
i. e., a loss of amniotic fluid resulting in oligohydramnios
induces the abnormalities seen in rat and mice fetuses, such
a loss of amniotic fluid during the first trimester of devel-
opment could prove disasterous to human embryos.
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(2) It has not been demonstrated that a correlation exists
between the volumes of fluid in the chorionic cavities
of both species, because this would be the only prac-
tical method of obtaining fluid prior to 5O days of
development. 9

(3) Most investigators agree that the earliest acceptable
time that amniocentesis should be performed in humans is
14 weeks, almost twice the length of time that cleft pal-
ate could be detected.

In conclusion, a ban on human fetal research with regard to developing
improved techniques of amniocentesis would have resulted in its nonutilization
due to inadequate or inappropriate alternate animal models with which to develop
and perfect the method. The ramifications of the unavailability of this tech-
nique are overwhelming considering the multitude of highly useful and desirable
diagnostic and therapeutic procedures which rely on amniocentesis.

Alternate Animal Models for the Diagnostic and Therapeutic Techniques Developed
as a Result of Amniocentesis

If it is accepted, as in the preceeding section, that the development of
amniocentesis was dependent upon research involving living human fetuses, the
effects of a ban on human fetal research in the antenatal diagnosis and therapy
via amniocentesis would have been far reaching indeed.

The diagnostic and therapeutic methods developed via amniocentesis include
the following:

(1) Analysis of components in amniotic fluid

(2) Detection of genetic defects

(3) Detection of Rh isoimmunization

(4) Detection of fetal maturity

(5) Providing relief from polyhydramnios

(6) Induction of a therapeutic or elective abortion.

An important question in determining the effect of a ban on human fetal
research is whether or not an animal model could have been substituted for the
advances made to date regarding prenatal diagnosis and therapeutic procedures
developed as a result of amniocentesis. Each of the above indications for per-
forming amniocentesis will be considered. The development of alternate animal
models for Rh isoimmunization and the respiratory distress syndrome will be dis-
cussed in those sections.
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Analysis of Amniotic Fluid

In comparing the materials found in amniotic fluid of humans and other
species, it is apparent that some materials are found in both while in other
instances there is a distinct difference. For instance, the amniotic fluid of
foetal lambs contains lecithin, sphingomyelin, and phosphatidyl ethanolamine24

as does human amniotic fluid. 25 In addition, observations show that both human
fetal and monkey fetal liquors contain many of the major protein components of
serum. 26 However, the fact one particular protein was shown to be present in
three species of monkeys but was absent from human liquor suggested a difference
in fetal metabolism. 26

Further indications of a possible difference in the metabolism of compounds,
i. e., lactic acid, has been demonstrated. 27 The transfer of lactic acid from
the human fetus to the mother indicated a turnover rate of 1. 4 minutes while
the turnover rate from the monkey fetus to the mother was in excess of fifteen
minutes. As a result, Friedman et al., 27 concluded that lactic acid is not a
major end-product of fetal metabolism in primates.

Other animals have afforded valuable information concerning the source of
amniotic fluid and the maternal-fetal relationship to various components found
in amniotic fluid. Both the fetal lamb28 and the monkey fetus29 have been dem-
onstrated upon sodium depletion to respond to the deficiency like a sodium defi-
cient adult by restricting sodium losses in the urine and by excreting water.
The rhesus monkeys as well as the guinea pig, rabbit, calf and rat demonstrate
selective absorption of antibodies and of radioactive labeled plasma proteins30"38

but the mechanism of absorption differs. Heterologous albumin has been shown
immunologically to reach the fetus in the rabbit, 33 but Whipple et al., 39 found
that some labeled serum proteins were taken up in rabbits but not in the dog
while labeled serum albumin, b-globulin and y-globulin were transferred to the
guinea pig fetus. 32

The anatomical membrane concerned with selective transmission in orders
other than primates has been considered to be the endoderm of the gut or the
yolk sac. On the basis of the evidence of the above comparative studies it was
postulated that transmission in man and other primates was also by way of the
amniotic fluid and the fetal gut. 40 However, the anatomy of the placental sys-
tems and fetal membranes vary widely among different orders of animals. The
human being possesses a specialized haemochorial placental system quite unlike
that of other orders, and the yolk sac in mid and late pregnancy is entirely
vestigial. 40 A comparable placental system is again found only among the
catarrhine monkeys and anthropoid primates (apes) with the placenta of the rhesus
monkey resembling the human placenta very closely in later stages of pregnancy. 8

The experiments of Bangham30, 41 with radioactive labeled proteins injected
into pregnant rhesus monkeys provide evidence that there is a selective transfer
of certain maternal serum proteins across the placenta and that the amniotic
fluid plays an unimportant part, if any, in the transmission of proteins to the
primate and human fetus. There is also evidence using labeled lactic acid injec-
ted into the fetal circulation of the rhesus monkey that the maternal and fetal
organisms freely exchange metabolites27 in both directions across the placenta.
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Thus, these few correlations with regard to amniotic fluid concentrations of
certain metabolites and proteins should caution against too great a tendency to
interpolate results in one or several species or orders to the human situation.

Detection of Genetic Defects

Knowledge of the mitotic and meiotic behavior of chromosomes is one area
where animal models have contributed to the present state of advanced techniques
which permit visualization of the chromosomes both in human lymphocytes and in
cells cultured from amniotic fluid obtained by amniocentesis in human pregnan-
cies. The mechanisms leading to abnormal behavior of the chromosomes as seen
in nondisjunction and in balanced and unbalanced chromosome translocations have
long been known both in lower forms and in mammals. 42-45 Nondisjunction (fail-
ure of members of a chromosome pair to separate equally at meiosis in ovum and
sperm) is the primary cause of the trisomies which are the major type of chro-
mosome aberration producing gross malformation in human concepti and newborns.
Down's syndrome (mongolism) is the most common trisomy in human births and con-
sists of three members of chromosome pair number 21, instead of the normal pair.
A more rare but inheritable abnormality of the human chromosomes which can lead
to an unbalanced condition of chromosome number and to congenital malformation
is known as a translocation. The most common translocation in humans is D/G
(one chromosome of the D type is permanently attached to one of the G type).
Unlike the true trisomy which is an "accident" of cell division in meiosis and
therefore is not inheritable, the translocation can be carried in a balanced
state in a normal human "carrier" and can be inherited from the "carrier" in an
unbalanced form which produces congenital malformations.

Models of the aneuploidies, of which trisomies like Down's syndrome are
but a type, have also been known for the domestic cat, mouse, and hamster.
Although these chromosome aberrations have models, the models cannot give us any
clinical indications of what specific additions, losses or translocations a given
human chromosome will present. This is because the gene content of the human
chromosome differs from that of its model.

Recent advances in inducing banding of specific chromosomes and in forma-
tion of mouse/man somatic cell hybrids have brought about rapid advances in
assigning specific human genes to specific chromosomes and in establishing groups
of genes which are linked (closely located) on the same chromosome. This infor-
mation has long been available in corn, tomato, wheat, and the fruit fly, mouse
and hamster. The knowledge of gene location on specific chromosomes and of
groups of genes which are closely linked will enhance the value of amniocentesis
in human pregnancies. With this additional knowledge it is possible to combine
biochemical studies of the amniotic fluid contents or cultured amniotic fluid
cells with specific chromosome patterns or known genes to which the congenital
malformation may be linked.

The above technique has been postulated as an aid in detecting fetuses
affected with sex-linked diseases where accurate sex-determination may be made
from studies of presence or absence of both the X and Y (F body) chromosomes,
while biochemical determinations of a linked gene such as the ABH secretor or

15-110



G6PD status are made in families or subpopulations where these genes are common.
These techniques can be refined in an animal model such as a mouse in which amni-
otic sex chromatin and fetal sexing are demonstrable46 and, in which much infor-
mation concerning gene location and linkages are already available, but will have
to be adapted to fit the specific gene defect of the human subject.

In summary, there are no known animal models for identifying the X-linked
diseases presently detectable by amniocentesis in the human which include the
Lesch-Nyhan and Hunter's syndromes, and Fabry's disease. The same situation
would prevail for the cytogenetic studies used to detect chromosomal aberrations
since the chromosomal number and gene content is different. Thus, a suitable
animal model does not exist for detecting chromosomal aberrations. In addition,
there is no animal model for the various inborn errors of metabolism which have
been identified by antenatal diagnosis.

Diagnosis of the major congenital malformations of the central nervous
system such as anencephaly and spina bifida (open spine) have been the most dif-
ficult to predict from family data and from amniotic fluid since there has been
no specific biochemical or Cytological change associated with this category of
human malformation. Attempts have been made to determine the presence of anen-
cephaly with or without spina bifida by increase in optical density of the amni-
otic fluid at 450nm (A OD450) provided the pregnancy is not complicated by Rh
sensitization. 47-51 In general it may be concluded from the previously cited
work that in the last trimester of pregnancy, an antenatal diagnosis of upper
intestinal obstruction may be made if there is an increase in A OD450, and not
associated with Rh sensitization.

Another approach to diagnosis of central nervous system malformations from
amniotic fluid is the reduction in 5-hydroxy-indoleacetic acid (5HIAA) levels
as reported by Emery et al. 52 Reduction of 5HIAA was observed, but no change
was observed in a number of other substances present in amniotic fluid nor was
reduction of 5HIAA levels observed in cases of polyhydramnios where the fetus
was normal.

A new approach to the diagnosis of central nervous system malformations
has been postulated by the detection of a specific biochemical substance in
amniotic fluid and demonstrated in fetuses of the Lewis rat who were affected
with spina bifida. 53 The presence of specific proteins (b-trace and Y-trace)
in human cerebrospinal fluid (CSF) has been well established and their study53

was undertaken to investigate whether closure malformations of the central ner-
vous system (spina bifida) would cause a rise in amniotic fluid alpha-foetoprotein
levels. It has been suggested that leakage or transudation of fetal blood com-
ponents or CSF directly into the amniotic fluid would cause a rise in the alpha-
foetoprotein concentration. The authors demonstrated that a b—trace-like protein
of rat CSF could be demonstrated in the amniotic fluid of embryos exhibiting
spina bifida.

These results clearly point to the development of an antenatal diagnosis
for spina bifida, but the authors are aware that a true communication between
the central nervous system and the amniotic fluid is a prerequisite for the
detection of b-trace-like protein. While the preceding article postulates an
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animal model in the much needed area of human malformation with hitherto unknown
biochemical relation to composition of amniotic fluid, its usefulness in predic-
ting closure malformation in human pregnancy has yet to be demonstrated.

Detection of Fetal Maturity

A common problem in clinical obstetrics is the precise determination of
gestational age and fetal maturity. Peterson et al., 54 have shown that the
rhesus monkey can be used as a model for the ultrasonic measurement of the bipa-
rietal diameter of the fetal head. After approximately 120 days gestation in
the rhesus monkey (Macaca mulatta), a noticeable decline in the rate of growth
of the fetal skull was observed via these biparietal measurements, data which
are in agreement with trends noted in similar studies of the human fetus.

In addition to the above observation, amniotic fluid creatinine levels in
the last third of pregnancy in Macaca mulatta are comparable to values in humans,
but no clear relationship exists between the creatinine concentration and the
duration of pregnancy. Similarly, the bilirubin concentration in the amniotic
fluid does not show a change with reference to gestational age nor does osmolal-
ity appear to be a predictor of fetal age and growth in the rhesus monkey. 54

All these latter determinations have proven of value for estimating human gesta-
tional age and fetal maturity. Thus, there is a clear separation between the
two species and the monkey is not considered a totally satisfactory model for
detecting fetal maturity.

Polyhydramnios. The polyhydramnios condition has been observed in diabetic
monkeys, 54 and, as a result, amniocentesis could therefore be performed on such
a species to demonstrate the effect of fluid removal. However, a primary disad-
vantage in using monkeys as a polyhydramnios model would be the difficulty in
breeding primates which are in captivity, developing a colony of diabetic mon-
keys and, the effect of diabetes on the fetal development of the monkey.

Induction of Abortion. Any of the higher primates presumably could be used
for developing the abortifacients to be used for inducing an abortion in conjunc-
tion with amniocentesis. However, regarding the amniocentesis procedure itself,
the higher primates are considered an unsatisfactory model for reasons cited
earlier.
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Isoimmunization

It became apparent soon after Rh incompatibility was postulated to be
responsible for the hydrops, anemia, jaundice, and brain damage associated with
the disease process designated erythroblastosis that methods of early detection
were the only possible means to predict the probability of disease in these
fetuses. Tests to assess the presence of Rh antibodies in the circulation of
the sensitized gravid female, and the presence and quantity of fetal erythrocytes
in the maternal circulation led to the development of prompt exchange transfu-
sions for neonates with erythroblastosis fetalis.

The principle method of early detection of Rh hemolytic disease of the
fetus in utero is based on the detection of bilirubin in amniotic fluid. It was
shown that in the fetus, high levels of bilirubin pigment in the amniotic fluid
correlate with the severity of the hemolytic disease in utero. Therefore, many
of the animal models pertaining to erythroblastosis involve various aspects of
bilirubin metabolism. Guinea pigs, rats, and rhesus monkeys were used in these
studies. A study in guinea pigs1 demonstrated a bidirectional transfer of radio-
active carbon labeled unconjugated bilirubin across the placenta from the fetal
to maternal side and vice versa. Conjugated bilirubin injected into the fetal
circulation demonstrated only trivial passage of the conjugated pigment into the
maternal circulation. A later study2 using radioactive tagged conjugated bili-
rubin and labeled water soluble BSP demonstrated that high molecular weight water
soluble substances do not diffuse readily across the placental membrane. Similar
studies of bilirubin disposition in fetal monkeys 3, 4, 5, 6 supported the results
previously obtained in guinea pigs. These data suggest that in both guinea pigs
and primates, the placenta is virtually impermeable to conjugated bilirubin and
that both the monkey and guinea pig fetuses may exhibit an impairment of hepatic
excretion of conjugated bilirubin. In both the guinea pig and monkey, unconju-
gated bilirubin readily entered amniotic fluid from the maternal but not the
fetal circulation. In contrast to the results of the studies in the guinea pig
and monkey, investigations using tritiated bilirubin in rats7 were unable to
demonstrate transfer of unconjugated bilirubin from fetus to mother. While these
differences may be due to species variability, it is evident that there is a need
for further data on the disposition of bilirubin especially in primates. The
correspondence of greater concentrations of bilirubin pigments to progressive
severity of in utero fetal involvement of the human have led to the use of
(A A450) spectrophotometric studies of human amniotic fluid in the management of
Rh isoimmunization. 8'9 The fact that bilirubin pigment concentrations in amni-
otic fluid follow increased sensitization of the Rh(D)- mother as reflected by
rising antibody titres in her circulation, would seem to indicate that the
maternal-fetal distribution of bilirubin in the human closely approximates that
which was later demonstrated to exist in the monkey and guinea pig.

Some clinical symptoms associated with hemolytic disease of the newborn,
namely jaundice, failure to thrive and positive Coombs test, were reported in
consecutive litters of piglets from a sow mated to a boar with incompatible
antigens associated with his red cells. Although some clinical signs of hemo-
lytic disease were present in these piglets, the pig is not a true model for
human hemolytic disease, because there is no in utero involvement of the fetuses.
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Involvement of the piglets only occurs if during the suckling period they are
exposed to the maternal antibodies contained in the collostrum. 10

An animal model which is useful in studying methods of treatment for the
jaundice of hemolytic disease is a genetic strain of rat (j/j) which is bred to
carry a recessive genetic disorder of hyperbilirubinemia. 11 This type of muta-
tion in the rat was initially described by Gunn. 12 As a consequence of the
demonstration by Haddock and Nadler13 that bilirubin toxicity is modified by
blue light treatment in cultures of human fibroblasts, hyperbilirubinemic j/j
rats have shown less neural injury when exposed to blue light. 14, 15, 16 The
photodecomposition of bilirubin has also been successfully used in human new-
borns who are at risk for central nervous system damage due to bilirubin toxicity
from a variety of causes. 17, 18, 19

In the case of severe in utero involvement of the fetus, it has often
been necessary to carry out intrauterine transfusion of the human fetus. As
early as 1922, experiments with uptake of India ink from the peritoneal cavity
to the circulating blood by lymphatic channels were carried out on fetal kittens
by Cunningham. 20 He found that the entry of material into mediastinal lymph
nodes only occurred in association with respiratory activity which he observed
in older fetuses. Since then the validity of his assumption from this model has
been confirmed and the role of diaphragmatic movement in accelerating the rate
of absorption of particulate matter (i. e., red cells) from the peritoneal cavity
has been established. 21 Thus it was postulated that uptake of blood might be
slow and less efficient in the fetus owing to the absence of respiratory activity
under normal intrauterine conditions. In recent years, further interest in the
mechanism and fate of red cells transfused by the intraperitoneal route to the
fetus in utero has been stimulated by its use for administration of blood to the
human fetus in severe erythroblastosis fetalis. Pritchard and Weisman23 had
determined the usefulness of absorption of erythrocytes from the peritoneal
cavity of humans in 1957. In 1967, the use of the fetal lamb as a model gave
retrospective confirmation to the relative efficiency of this method of adminis-
tering red blood cells. 22 The results obtained from the experiments in the fetal
lamb support the contention that, in the human fetus, the majority of red cells
administered by the intraperitoneal route reach the fetal circulation intact.
Thus uptake of at least 80 percent of the labeled cells by the fetal lamb is in
close agreement with the data obtained by Taylor et al., in 1966, using tagged
adult red cells injected into the peritoneal cavity of two erythroblastotic human
fetuses. The total uptake of donor blood was calculated to be as high as 93 per-
cent in one fetus and 77 percent in the other.

Information is now accumulating that marked isoantigen differentiation
is a feature of various species of animal as well as of man. 24, 25, 26 By use of
the isoimmunization method, antigens have been detected in the red blood cells
of chimpanzees, gibbons, yellow baboons, hamadrayas baboons, mandrills, rhesus
monkeys, and marmosets. Of these the hamadrayas baboon27 appears to be most
promising for use in developing a model of hemolytic disease of the newborn and
in devising a method of antenatal treatment of that disease. Although use of
anti-Rh serum is preventing onset of sensitization in humans, it is still neces-
sary to look for new methods of devising ways of protecting the rhesus-positive
fetuses of rhesus-negative women who are presensitized through a variety of
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(4) Primates - the advent of intense research on the isoantigens
of primates and the mechanism of isoimmune disease in these
animals is a recent event. Although these animals may ulti-
mately prove to be good models for the study of isoimmune
hemolytic diseases similar to erythroblastosis fetalis, the
availability of the primate species, cost, and a lack of
knowledge of the blood group isoantigens in these species did
not make them ideal models for the type of research required
to rapidly solve the Rh problem.
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Respiratory Distress Syndrome

The report on the respiratory distress syndrome traces the understanding
of RDS from its early stages to the present knowledge of the diagnosis and treat-
ment. Prom the historiograph, it can be seen that the present-day understanding
of the disease and its treatment evolved through several stages which we identify
as follows:

(1) Understanding the role of surfactant

(2) Composition of surfactant

(3) Elucidation of biosynthetic pathways

(4) Stages of fetal lung development

(5) Effect of glucocorticoids on lung development.

In each of these areas of research activity, animal models played a significant
role in the development of the present-day knowledge of RDS. In most of these
areas, the animal studies have been very extensive, and it is not the intent of
this report to assemble a detailed review of the work. Rather, we shall examine
the role of animal models in several of the significant advances made during the
last several years. He shall address the question of the usefulness of the ani-
mal models and where the animal models failed with respect to their relevance to
the human.

Role of Surfactant

The early work in elucidating the role of surfactants in lung mechanics
was done almost entirely with animal models. In fact, most of the work cannot
justifiably be designated as work with animal models in that it was done with
excised lungs taken from animals, and in some cases from man. In the first
paper identified in the historiograph, 1 von Neergaard used lungs excised from
dog, pig, and man to measure surface/volume relationships. The next significant
work, that of Pattle in 1955, 2 lung washes were obtained from both excised animal
lungs in vivo to show the presence of surfactant in these washes. The studies
of Clements3"5 on the relationship of the pressure/volume curves of lungs to the
surface tension properties of lung extracts were performed mainly with excised
dog lungs.

It should be pointed out, however, that the key work which related the
respiratory distress syndrome to lack of surfactant was not performed with ani-
mal models but with autopsy specimens obtained from humans. 6 The question of
whether animal models could have been used in this discovery is not relevant
since pathology specimens were used. Once the relationship between RDS and lack
of pulmonary surfactant was made, then the role of animal models in understanding
pulmonary surfactant synthesis became important.
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Surfactant Composition

As in the case of establishment of the importance of pulmonary surfactant
for lung stability/ studies on the composition of the surfactant were performed
mainly on excised animal tissue or autopsy specimens from humans. The early
work of Klaus 7 utilized beef lung for the determination of the composition and
properties of the pulmonary surfactant. Similarly, the work of King and asso-
ciates 8-10 was based on the analysis of extracts from excised dog lung. A recent
report by Clements11 summarizing the current state of knowledge in the overall
composition of lung surfactant is based mainly on data obtained from dog lung
but states that the overall composition is quite similar for most mammalian
species.

Biosynthetic Pathways for Fetal Lung Development

The study of the process of lung maturation and the biosynthetic pathways
of phospholipid synthesis relied heavily upon animal model experimentation. It
should be pointed out that through the course of the investigations, frequent
cross comparisons were made with humans, most of which were taken from autopsy
specimens. The work by Klaus and co-workers12 which linked the mitochondrial
of Type II alveolar cells to the secretion of phospholipids was performed with
guinea pigs. The work of Buckingham and Avery13 showing that the appearance of
phospholipids in lung extracts was linked to the appearance of inclusion bodies
in Type II alveolar epithelial cells was performed with mice.

Studies on the biosynthetic pathways for synthesis of phospholipids have
centered mainly upon lecithin biosynthesis since this is the main constituent
of the surface-active material. Two pathways for biosynthesis of lecithin have
been identified in mammalian species, and these are designated as the choline
incorporation pathway in which CDP choline reacts with a diglyceride to form
lecithin. In the second pathway, ethanol amine is phosphorylated, activated,
and linked to diglyceride to form phosphotityl ethanol amine. This is then
successively methylated to ultimately form lecithin. As indicated in the report,
a great deal of experimental work has been performed on elucidating the biosyn-
thetic pathways for lecithin production in fetal lungs. In a series of papers,
Gluck and co-workers investigated the biosynthetic pathways using rabbit and
sheep animal models. 14'16 Gluck's subsequent studies showed that the biosyn-
thetic pathways in the sheep and rabbit were different from those in the rhesus
and human fetus. 17 The biosynthetic pathways of lecithin in the human have been
elucidated in a series of papers by Zachman. 18

It should be pointed out that the animal models possess a distinct advan-
tage in determining biosynthetic pathways in that radioactive precursors can be
utilized in these studies. This enables the investigator to follow directly the
pathway of a particular compound through several synthetic steps. In human stud-
ies, pathways must be elucidated indirectly. Recently, the rhesus monkey has
been shown to be a good animal model for studying fetal lung development and the
biosynthesis of lecithin. The group of Farrell and Epstein, using rhesus monkey
fetuses, both in vitro and in vivo, followed the synthesis of lecithin using
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radioactively labeled precursors. 19"21 They found that the first pathway
(choline incorporation) was responsible for almost all of the lecithin synthe-
sized by the lung tissue. An abrupt increase in the activity of this pathway
occurred at the time when gestation was 90 percent complete. This increase in
the Path I activity allows a surge in total lung lecithin and furthermore corre-
lates significantly with the rise in amniotic fluid lecithin. 22

The historiograph in the report identified the work of Gluck in 197123 as
being a critically important factor in the present-day medical armamentarium
against RDS. In this work, Gluck and co-workers studied phospholipid levels in
amniotic fluid from 302 amniocenteses and showed that these levels reflect those
in the lung of the developing fetus. Comparing the lecithin concentration to
the sphingomyelin concentration, a ratio can be obtained and Gluck's results
showed that a sharp increase in this ratio occurred at 35 weeks of gestation.
Determination of the lecithin/sphingomyelin (L/S) ratio was shown to be diagnos-
tic of the state of pulmonary development of the fetus and thus could have a
predictive value of the likelihood of RDS occurring. This work was based on the
suggestion of Scarpelli in 196724 who studied tracheal and amniotic fluid phos-
pholipids in sheep and suggested that the lung was the source of amniotic fluid
phospholipids. Gluck's amniocenteses were performed in women with normal preg-
nancies. At that time, a human study seemed indicated because the relevancy of
the abnormal model was not established until later. Gluck and co-workers made
several assumptions about biosynthetic pathways in humans based upon indirect
evidence obtained from the composition of the fatty ester composition of lecithin
samples. These are in disagreement With the above-cited studies in the rhesus
monkey in which the pathways were obtained directly to radioisotope study. From
a pragmatic point of view, however, the human studies were necessary at the time
Gluck performed them to demonstrate that one could accurately assess the maturity
of the fetal pulmonary system before birth.

Effect of Glucocorticoids on Lung Development

One of the most significant developments in RDS therapy is the antenatal
treatment of the fetus through administration of steroids to the mother to stimu-
late pulmonary development of the fetus in utero. The historical developments
for this treatment are outlined in the report and will not be discussed in detail
here. The history of this development represents a rich interplay between animal
models and studies in humans. Basis for the development was the demonstration
in 1953 that cortisone induced certain enzymes in the intestines of fetal rats. 25

The experimental demonstration of the stimulatory effect of steroids upon lung
tissue was performed in 1969 by Liggins26 who showed that the administration of
steroids to fetal lambs resulted in premature parturition and accelerated lung
maturation. In 1970, DeLemos27 administered cortisol to fetal lambs and demon-
strated increased surfactant production in the treated animals. The effect of
corticoids in general on fetal lung maturation was subsequently confirmed in
lambs, rabbits, and rats. 28-32

The clinical study in 1972 by Liggins was based on the animal studies
showing the stimulatory effect of steroids on lung maturation in the developing
fetus. More importantly, his mode of treatment was based on a clinical study
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in 1961 by Migeon33 which showed that cortisol administered to mothers at mid-
pregnancy crossed the placenta from mother to fetus. An estimation of the
probable safety of administration of cortisol to the mother was based upon fur-
ther clinical studies performed in 1966 and 1967 34, 35 which studied the effects
of steroid therapy during pregnancy.

The animal model studies which led to Liggins1 work demonstrated the
efficacy of steroid administration in promoting lung maturation but were inade-
quate because steroids administered to the mother did not cross the placental
barrier in the sheep. Human studies were essential at this point to determine
whether or not lung maturation could be stimulated in infants with a high risk
of developing RDS. It should be emphasized at this point that the administration
of steroids must still be considered as an experimental rather than an accepted
clinical practice.

After Liggins' initial clinical demonstration of the stimulatory effects
of steroids in humans, animal studies on the mechanism of steroid stimulation
continued. Ballard and Ballard in 1972 36 showed that fetal lung tissue of sev-
eral species contained glucocorticoid receptor sites. This was followed by work
in 1974 37 which showed receptor activity for glucocorticoids in lungs of human
fetuses and neonates.

The effect of glucocorticoid administration to the mother on the amniotic
L/S ratio in humans was studied in 1973 by Spellacy. 38 These clinical studies
showed that the L/S ratio increased after a glucocorticoid was administered to
the mother. In another clinical study reported in 1975, 39 the levels of amni-
otic fluid cortisol with relation to gestational age was measured. The results
showed that a sharp increase in the cortisol levels occurred after the 34th week
of gestation. This increase in cortisol corresponds to the increase in lecithin
content of the amniotic fluid. The relevance of the rhesus monkey as a model
for human lung development was recently demonstrated in a report by Gluck. 40

He shows that the biochemical pathways for surfactant are the same and the rise
in L/S ratios corresponds to those found in the human. The relevance of the
rhesus as an animal model will be important in future studies on the safety and
efficacy of the antenatal administration of steroids.

Conclusions

We believe the results show that both animal and human studies were essen-
tial in the present-day status of prevention and therapy of RDS. In particular,
two clinical studies were essential for this development. These are the study
of Gluck in 1971 showing the predictive value of the L/S ratio and the clinical
study of Liggins in 1972 showing the stimulatory effect of antepartum glucocor-
ticoid administration. Relevant animal models had not been demonstrated at the
time of these studies, and thus clinical studies were a logical, essential step.
In a larger sense, in any therapeutic procedure, the time comes when a human
study must be undertaken if the technique is to find use in the human. It
appears from our study of RDS that the clinical trials cited above came at an
appropriate time in the development of the diagnostic and therapeutic procedures.
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Dexamethasone. A synthetic glucocorticoid.

ECG. Electrocardiogram - a graphic tracing of the electric current produced by
the excitation of the heart muscle.

Eclampsia. Convulsions and coma occurring in a pregnant woman.

Edema. Swelling of body tissues due to fluid retention.

Embryopathy. A morbid condition resulting from interference with normal embry-
onic development.

Encephalography. A graphic tracing of the potentials on the skull emanating from
nerve potentials in the brain.

Enzyme. A protein capable of producing or accelerating a change in (often a spe-
cific) compound.

Epidemiology. A study of the relationships of the various factors determining
the frequency and distribution of a disease.

Epithelium. The covering of the external and internal surfaces of the body
including the lining of vessels and other small cavities.

Erythroblast. An immature red cell. It is identifiable under the microscope
because, unlike adult red cells, it still retains a nucleus. Too rapid
destruction of adult red cells leads to compensatory overproduction of imma-
ture ones; hence, the disease name, erythroblastosis, which signifies the
presence of and excess of erythroblasts.

Erythroblastosis fetalis. Disease of fetal and early newborn life. Usually
occurs when red cells from Rh-positive fetus cross the placenta and provoke
immune response in Rh-negative mother. Her anti-Rh antibodies then enter
fetus, destroying its red cells, and stimulating abnormally high production
of immature red cells, or erythroblasts.

Erythrocyte. See red blood cell.

Etiology. The study or theory of the factors that cause disease and the method
of introduction to the host.

Exanthem. An eruptive disease or fever, a rash.

Exchange transfusion. In newborn erythroblastic infants, total or near-total
removal of the baby's Rh-positive blood/ which is vulnerable to attack by
maternal antibodies brought from the womb, and its simultaneous replacement
with invulnerable Rh-negative blood.

Fetoscopy. Examination of the fetus by means of an endoscope inserted through
the abdomen.

Fibrin. An insoluble protein formed from fibrinogen during the normal clotting
of blood.

Fibrinogen. A soluble blood protein involved in the clotting process.

Fibroblast. A tissue connective cell.

Gamma globulin (GG). That part of the serum of which antibodies are made. The
gamma globulin is separable into several parts on the basis of their molec-
ular weight. Two of these parts are designated 7S and 19S.
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Genetics. The biologic science that deals with heredity, and change and simi-
larity between organisms through time.

Gestation. The period of development of the young until birth, the fetal period.

Glucocorticoid. Any corticoid that increases the rate of formation of carbohy-
drates from molecules such as proteins or fatty acids.

Gravid. Pregnant.

Group A. A person whose red cells carry the A antigen but not the B belongs to
group A.

Group AB. A person whose red cells carry the A antigen and the B antigen belongs
to group AB.

Group B. A person whose red cells carry the B antigen but not the A belongs to
group B.

Group 0. A person whose red cells carry neither the A antigen nor the B belongs
to group O.

Hemagglutination. Agglutination of red blood cells.

Hemoglobin. The stuff of red cells, which gives them their color and which binds
oxygen so that the cells can transport it from the lungs to all body tissues.

Hemolysis. Destruction of a red cell by an agent that eats through its outer
membrane, spilling the contents. Some antibodies are hemolysins.

Hemolytic anemia. Anemia caused by the destruction of red cells. Antibody
against an antigen on a red cell's surface may hemolyze the cell. Erythro-
blastosis fetalis is a hemolytic anemia.

Herd immunity. When the number of immune members of a group is sufficient to
reduce greatly the spread of infection.

Hormone. A chemical produced in the body which has a specific regulatory func-
tion on the activity of an organ.

Human blood groups. Usually designates the four groups of individuals—A, B,
0, and AB—identified by the ABO system discovered by Landsteiner. For
clarity, other systems, like Rh, are said to define blood types, rather than
groups. Each blood group or type is based on a blood factor, or antigen, that
is present on its members' red cells.

Hyaline membrane. A layer of material lining the alveoli and alveolar ducts of
infants having respiratory distress syndrome - the membrane is composed of
fibrin.

Hydrops. The most severe form of erythroblastosis fetalis, in which the baby
is born waterlogged, swollen, and, usually, dead.

Hypoplastic. Marked by incomplete development of an organ.

Icterus. Yellowing of the skin. It occurs when excessive destruction of red
cells leads to a backup of their breakdown products in the body.

Icterus gravis neonatorum. A form of erythroblastosis found in newborns who are
unable to excrete bilirubin and other breakdown products of fetal cells
destroyed by anti-Rh antibody from the mother.
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IgG antibody. One of the classes of antibodies (see antibody).

IgM antibody. One of the classes of antibodies (see antibody).

Immune reaction. The self-protecting production of antibody against an antigen,
and the antibody's interaction with the antigen. Also called immune response.

Immunization. The formation by an individual of antibody against a particular
antigen. Once the individual has reacted immunologically to a given antigen,
he will respond, quickly, with antibody production whenever that antigen is
again present. This individual thus is immunized, or has developed an immu-
nity, to that antigen.

Immunology. The science that studies the immune reaction.

Incompatibility. A person is incompatible with another if his red cells will
provoke an immune reaction, or transfusion reaction, when transfused into the
other.

Intrapleural. Within the membrane lining the thoracic cavity.

Intrauterine transfusion. A transfusion of red cells into an erythroblastic
fetus, usually through a thin tube stuck through the mother's abdominal wall,
uterus, and into the fetal abdominal cavity.

In utero. In the uterus, e. g., a fetus.

In vitro. In glass, i. e., in a test tube or lab vessel rather than in a living
body {in vivo).

Ischemic. Having a deficiency of the blood supply.

Isoantigen. An antigen that exists in alternate forms in a species and thus can
evoke an immune response in a member of that species lacking that form of
antigen.

Isoimmunization. Development of antibodies against an antigen derived from a
genetically dissimilar individual of the same species (see isoantigen).

Jaundice. Yellowing of the skin. It occurs when excessive destruction of red
cells leads to a backup of their breakdown products in the body.

Kernicterus. Condition with severe neural symptoms associated with high levels
of bilirubin.

Kleihauer test. A laboratory method for identifying fetal red cells present in
a specimen of the mother's red cells. The hemoglobin of the adult cells is
washed away, while the hemoglobin in the fetal cells remains.

Lecithin. Any of a group of phospholipids found in animal tissues.

Lidocaine. A topical (local) anesthetic.

Lipids. A group of fatty substances including fatty acids, neutral fats, waxes,
steroids, and phosphotides.

Lymphocyte. A white blood cell that plays a role in antibody production.

Mitochondria. Small spherical to rod-shaped particles in cells - principal site of
energy production - they are the portion of the cells with genetic continuity.
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Mitotic. Pertaining to mitosis - a method of indirect division of a cell in which
the two daughter nuclei normally receive identical complements of chromosomes.

Mongolism. Down's syndrome - a genetic abnormality in which the genetic material
of a chromosome (21) is triplicated instead of duplicated.

Myelinization. Formation of the lipid (myelin) sheath of certain nerve fibers.

Osmolality. A property of a solution which depends on the concentration of the
solute.

Parturition. The process of giving birth.

Passive antibody. Antibody that has been injected into an individual, as contra-
distinct from active antibody, which is made by the individual's immune system
in response to an antigenic challenge.

Pathogenesis. Development of a morbid condition or disease - more specifically
on a cellular level.

Pathology. The science of disease and its causes. Pathologists conduct autop-
sies and render diagnoses on the basis of tests and analysis of specimens
removed from patients. In American hospitals, a pathologist often runs the
blood bank.

Pharyngeal. Pertaining to the pharynx - the membranous sac between the mouth
and nose and the esophagus.

Phospholipid. A lipid composed of fatty acids, glycerin, phosphate, and nitroge-
nous components.

Phototherapy. Use of blue light to lower bilirubin levels in the neonate. Bili-
rubin is susceptible to chemical breakdown when exposed to specific wave-
lengths of light.

Placenta. Tissue structure at the fetus' point of attachment to the uterine
wall. It is richly endowed with blood vessels. Maternal and fetal circula-
tions are separated by a very thin membrane, through which nourishment passes
into the fetus.

Plasma. The clear liquid portion of blood after the red cells have been removed.

Plasmin. A soluble blood protein derived from plasminogen - acts to lyse fibrin
clots (see plasminogen).

Plasminogen. The blood soluble protein precursor of plasmin.

Polyhydramnios. Excess of amniotic fluid.

Postpartum. After delivery of a baby.

Preeclampsia. A toxemia of late pregnancy.

Prophylaxis. A prevention of disease, preventative treatment.

Protection. See ABO protection.

Proteolytic. Capable of splitting proteins by hydrolysis.

Red blood cells. Dish-shaped cells whose stuff, the hemoglobin, gives them their
reddish color. Red cells carry oxygen from lungs to all body tissues. Red
cell covering, or membrane, carries A, B, Rh, and other blood factors or anti-
gens.

15-136



Rh-compatible. One person is Rh-compatible with another if his red cells cannot
provoke an immune reaction, due to anti-Rh antibodies, when transfused into
the other. Individuals who are Rh-negative are Rh-compatible with everyone.
Individuals who are Rh-positive are Rh-compatible with other Rh-positive indi-
viduals.

Rh factor. An antigen found on the red cell membrane surface of about 85 per-
cent of humans. It is named after a similar antigen on rhesus monkey red
cells; its chemical composition is unknown. The Rh factor is responsible
for erythroblastosis fetalis and some transfusion reactions.

Rh hemolytic disease. Disease of fetal and early newborn life. It occurs when
red cells from an Rh-positive fetus cross the placenta and provoke an immune
response in an Rh-negative mother. Her anti-Rh antibodies then enter the
fetus, destroying its red cells, and stimulating abnormally high production
of immature cells, or erythroblasts.

Rh immunization. The immunization of an Rh-negative individual to the Rh factor
through deliberate or inadvertent transfusion of Rh-positive blood, or (in
pregnant women) through transplacental passage of fetal Rh-positive red cells
into the maternal circulation.

Rh immunoglobulin. See Rh vaccine.

Rh-incompatible. A person is Rh-incompatible with another if his red cells can
provoke an immune reaction, due to anti-Rh antibodies, when transfused into
the other. A person is Rh-incompatible with another only if he is Rh-positive
and the other is Rh-negative.

Rh-negative. A person whose red cells do not carry the Rh factor is Rh-negative.

Rh-positive. A person whose red cells carry the Rh factor is Rh-positive.

Rh vaccine. Potent anti-Rh antibody, in the form of the 7S fraction of gamma
globulin. The vaccine is administered to a woman unsensitized to the Rh fac-
tor when she delivers a baby in order to prevent her from developing an immu-
nity to the Rh factor that could cause sickness or death in the next Rh-
positive baby she conceives.

RhoGAM. Ortho's registered trade name for Rh vaccine.

Sensitization. See immunization.

Seroconversion. Development of antibodies in response to the administration of
a vaccine.

Serological. Pertaining to the study of the antigen-antibody reactions in vitro.

Serum. The clear, liquid part of blood which remains after the red cells and
clotting elements have been removed. The clear liquid which separates from
a clot.

7S. A part of the gamma globulin in which antibodies may exist. The 7S gamma
globulin molecule is relatively small, has two armlike appendages, and will
pass through the placenta from mother to fetus.

Sphingomyelin. A group of phospholipids occurring primarily in nervous tissue
and membranes.
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Spina bifida. A defect involving hernial protrusion of the spinal cord and/or
brain.

Temporal bone. The lateral region of the head above the cheek bone - temple
region.

Teratogenic. Tending to produce anomalies of formation of the fetus.

Titer. The measure of an antibody's strength. An antibody with a low titer,
1: 2, is less potent than one with a higher titer, 1: 64, or 1: 64, 000.

Transfusion reaction. The destruction of incompatible donor blood in a trans-
fusion recipient's bloodstream may quickly produce discomfort, anxiety, dif-
ficulty in breathing, rapid heartbeat, and other distressful symptoms. Kidney
failure and death may follow.

Transplacental passage. Passage through the placental membrane from mother to
fetus or fetus to mother.

Urokinase. A soluble enzyme that promotes the conversion of plasminogen to
plasmin.

Uterus. The female organ in which the young develops from just after conception
to birth.

Vaccine. A substance introduced into the body to prevent disease immunologically.

Vaginal fornix. The recess formed between the vaginal wall and the vaginal part
of the cervix.

Virus (wild and attenuated). One of a group of minute infectious agents.

Zepherin. A germicidal compound.
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APPENDIX

DISCUSSION OF THE PROCEDURE AND COMPLICATIONS OF AMNIOCENTESIS

Technique

The transabdominal approach for purposes of amniocentesis is now the method
of choice based on previous experience with severe complications (e. g., induced
premature labor, sepsis and severe hemorrhage) associated with the transvaginal
(through the vaginal fornix, either anterior or posterior) and the transcervical
approaches. 2, 29, 35, 45, 50, 85, 108 The actual technique used to enter the amniotic sac
and withdraw fluid has been refined and most clinicians are in agreement on the
steps required to safely obtain a sample of amniotic fluid through the abdominal
wall.

Preliminary Procedures

The bladder should always be voided prior to the operation. In most cases,
this can be done voluntarily without catheterization.

Abdominal Preparation

Strict aseptic procedures must be adhered to throughout the operation to
avoid sepsis. The abdomen should be thoroughly prepared with an antibacterial
solution. Solutions used include alcohol, Zepherine, iodine, and Phisohex. The
abdomen is then draped with sterile towels.

Local Anesthesia

There are differences of opinion regarding the use of local anesthesia.
Many believe that if the midline is selected carefully or as a general rule, a
local anesthesia is not required. 4, 31, 34, 45 others recommend the injection of
local anesthetics such as lidocaine at the anticipated puncture site. 6-17-50-108

There is a strong indication for use of local anesthesia if the patient exhibits
an undue amount of anxiety.

*References are to be found at the end of the section on Amniocentesis.
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Timing of the Procedure

The timing of the procedure is based on the type of diagnosis and/or
therapy to be performed. These can be broken down into various categories and
are listed below.

Diagnosis of Genetic Disease

Ideally, the timing for this procedure should be as early as possible in
the second trimester because in certain cases, three to four weeks are required
in order to obtain results from the diagnostic procedures. In such cases, the
parents may elect to induce a therapeutic abortion where a significant genital
defect is diagnosed. Timing is of the essence in this regard since abortions
beyond the 20th week of gestational age are associated with an increase in mater-
nal complications. Unfortunately, there is insufficient amniotic fluid for pur-
poses of amniocentesis prior to at least the 13th week. It has been reported
that amniocentesis to detect genetic defects should be performed at or before
14 weeks; 59 however, others prefer 14 to 16 weeks3'119 and still others recommend
16 to 18 weeks. 26, 31, 60 The consensus seems to be that amniocentesis should be
performed no later than 16 weeks so that if the parents desire, therapeutic abor-
tion can be performed at or prior to the 20th week of gestational age.

Hemolytic Disease

In this case the fetus may show signs of anemia as early as the 32nd week
of gestation in severe cases. However, others feel that the 34th week is most
desirable for optimum accuracy in determining fetal anemia under these circum-
stances. It has also been reported that little information is gained after the
36th week, 1 although in severe cases, this is not necessarily true.

As far as the mother is concerned, monitoring of Rh antibody titer in her
blood may require amniocentesis as early as 20 to 22 weeks if there is a history
of prenatal death from erythroblastosis. Timing of repeat amniocenteses depends
on the initial results and the previous history. Optical density suggesting
severe disease or history of a previous erythroblastosis prenatal death indicates
repeat amniocentesis at 7 to 10 day intervals. If there is no decrease in fetal
activity or less than a 2-tube rise in the antibody titer, and if the initial
reading was in the mid or low zone, repeat amniocentesis may be deferred for
2 to 3 weeks.

Respiratory Distress Syndrome

This situation is not genetic in origin but occurs as a result of premature
delivery. That is, the fetus's lungs are not sufficiently mature to allow
exchange of oxygen and C0 2 in order to survive. The timing for amniocentesis
is based on several maternal factors which would lead to premature delivery.
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These include toxemia, diabetes, incompetent cervix, or a past history of pre-
mature deliveries. Amniocentesis in this situation is usually performed in the
third trimester and can be performed at any time during this period when incipi-
ent premature labor is diagnosed.

Complications

It is important to recognize that complications to both the mother and the
fetus have been reported. However, the incidence of severe complications is
extremely small. It is estimated that over 4, 000 midtrimester amniocenteses
have been performed for diagnostic purposes and at least four times that number
during the third trimester for diagnostic and therapeutic purposes. Reports of
isolated severe complications involving death or severe trauma should not cloud
the overall view of the complications of amniocentesis. Complications are mini-
mized by adhering to the procedures described above and by skill of the operator.
The importance of this latter requirement cannot be overemphasized, and an expe-
rienced obstetrician should always perform the procedure.

Maternal Complications

The most frequently reported maternal problems associated with amniocente-
sis are sepsis which include peritonitis and amnionitis (the latter also affects
the fetus), hemorrhage which can result from perforation of the placenta or umbil-
ical cord (these complications also affect the fetus), or puncture of a blood
vessel in the myometrium or abdominal tissue. In the case of an Rh-negative
mother and Rh-positive fetus, isoimmunization can result if the fetus, umbilical
cord, or placenta are punctured and fetal blood subsequently enters the maternal
circulation. The complications of induced abortion will not be discussed here,
even though the classic method of withdrawal of amniotic fluid by amniocentesis
is used prior to introduction of abortifacients such as hypertonic glucose or
hypertonic saline. 72 The risks to the mother as a result of the amniocentesis in
conjunction with abortion are identical to those in amniocentesis used for most
other purposes; however these can be complicated and added to by the abortion
procedure itself.

Table 5 lists the frequency of maternal as well as fetal complications
reported by various investigators. A brief discussion of the major maternal
complications is included below.

Many papers indicate that sepsis to both the mother and the fetus should
not occur with rigid sterile techniques. It has long been accepted that the
transvaginal or transcervical approach has a much higher risk of introducing
sepsis.

The most frequent cause of hemorrhage is perforation of the placenta by
the needle. It has been reported that passage of the needle through the placenta
is not uncommon, with no consequent damage to the mother or the fetus. 26 However,
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severe problems have been reported due to hemorrhage and are shown in Table 5.
Another possible problem with hemorrhage is that the amniotic fluid becomes con-
taminated with maternal blood and in the case of sex determination, improper
diagnosis has resulted. Other sources of bleeding involve puncture of the
umbilical cord or a blood vessel in the myometrium which can result in contami-
nation of the amniotic fluid also. Some cases of abdominal bleeding have been
reported but are relatively rare.

It has been reported that ultrasonic localization of the placenta virtually
eliminates puncture of the placenta. 12, 31, 35, 53, 85, 108, 124 Others 2, 9, 10, 80, 91 have used
Placentography and amniography for the same purpose.

Various clinicians have reported on the induction of abortion or premature
labor, depending on gestational age, following amniocentesis. The reasons for
onset of premature labor leading to abortion or delivery of a premature infant
are not well defined. In many cases, the situation has been confirmed not to
have been caused by the amniocentesis procedure. 53, 60, 90

There is a possibility of trauma to other areas of the abdomen such as the
bowel and bladder. This type of complication is extremely rare and when it does
occur, is generally a result of improper procedure.

Abruptio Placenta affects the fetus as much as it does the mother but it
should be considered an extremely infrequent complication. The placenta may
separate as a result of agitation of the intrauterine environment and can gener-
ally be eliminated by not puncturing the placenta and withdrawing the amniotic
fluid at a very slow rate.

Fluid leakage after the procedure has been reported several times. In
most cases, the problem is transient and no sequelae result. 31 Rare cases of
amniotic fluid embolism as a result of fluid leakage have been reported. 37 Fluid
leakage may be a result of utilizing a needle with an oversized diameter and this
reinforces the use of a 22-gauge or smaller needle.

Rh isoimmunization is limited to. those mothers with Rh negative type blood
and a fetus with Rh positive blood. Rh isoimmunization can occur if the fetus,
umbilical cord, or placenta is punctured and its blood enters the maternal cir-
culation. 13, 36 Such a situation can affect future pregnancies of the mother. 84

This should be considered a significant potential risk in all Rh-negative mothers
and appropriate means to treat the situation should be available when the mother
is Rh negative.

Failure to obtain amniotic fluid is not a complication per se, but presents
some unique problems which should be discussed. An inability to obtain amniotic
fluid may indicate that the fetus or the placenta has been punctured. It may
also indicate that the needle has not entered the amniotic sac and consequently
the needle should be advanced further. The incidence of not obtaining amniotic
fluid and requirement for repeated procedures is relatively high as shown in
Table 5. Repeated procedures obviously increase the possibility of all other
risks, and this problem is probably the most important which currently exists.
The routine use of ultrasonography in order to locate appropriate puncture sights
where amniotic fluid can be obtained should alleviate most of these situations.
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Fetal Complications. The most common fetal complications associated with
amniocentesis are injury, hemorrhage associated with puncture, errors in diag-
nostic procedure due to twinning or multiple fetuses, death as a result of amni-
onitis, and abortion. Prematurity without death as a result of induced labor
should also be considered a complication. As with the maternal complications,
there are isolated reports of severe trauma and/or death to the fetus attribut-
able to amniocentesis. 23'2* These cases should be maintained in proper perspec-
tive with relation to the total number of amniocenteses performed. Such cases
can be avoided with proper skill and knowledge of the operator. Table 5 includes
fetal complications and a discussion of those of significance are included below.

Cases of injury to the fetus are most frequent when amniocentesis is per-
formed prior to the 14th week of gestational age or very late in the third tri-
mester. The former is a result of a lack of an adequate amount of fluid, about
5O to 60 cc, as compared with about 350 cc at 17 weeks. 60 The problem at or near
term is that the size of the fetus relative to the overall volume of the amniotic
sac is quite large compared with earlier stages of gestational age and thus the
risk of injury at this time is much greater. 22 Even though there is an increased
volume of fluid at 16 to 17 weeks when the procedure is normally performed to
detect genetic defects, there is still a fairly high risk of puncturing the fetus.
However, unless there is severe hemorrhaging, it has been reported that such sus-
pected punctures do not affect the fetus whatsoever and, in particular, do not
induce malformations, 20, 35, 69, as they do in mice or rats. 28, 114, 118 Hemorrhage has been reported in a few cases of amniocentesis and is of
particular importance if the mother is Rh negative and the fetus is Rh positive.
In this situation, the fetus may already be anemic and hemorrhage could be fatal.
Ultrasonographic location of the fetus should minimize the risk of perforating
major blood vessels in the fetus since this allows introduction of the needle
into an area where the small parts of the fetus are located. It has been
observed that if a normal fetus is touched with the point of a needle, he will
move away from it. 6 Many cases of fetal puncture have been attributed to a
hydropic fetus. 2O, 35

Abortion and premature labor, as discussed in the section above on mater-
nal complications, is often not attributable to anniocentesis and, even when it
is, it is difficult to fully describe the reasons. Induction of premature labor
is not a result, in most cases, of injury to the fetus due to the amniocentesis
procedure. It should still, however, be considered a risk when performing the
procedure and is perhaps the most serious risk to the fetus because of lack of
knowledge regarding the causes for induction of labor following amniocentesis.

Errors in diagnosing due to twins or multiple fetuses is a situation which
has been reported on several occasions (e. g., Ref. 27) and all investigators
agree that the routine use of ultrasonography or fetal ECG prior to the procedure
would virtually eliminate this problem. 50, 68, 79 The problem consists of withdrawing
fluid from the amniotic sac of only one twin in the case of a double sac and using
that fluid for diagnostic purposes.
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Amniography, Ultrasonography, Amnioscopy and Fetoscopy

These three areas are discussed since they have been widely utilized in
conjunction with amniocentesis or in the case of amnioscopy and fetoscopy,
evolved as a result of information gained from amniotic fluid by the procedure
of amniocentesis. 107

Amniography. Amniography was first performed in 1930 in order to assess
fetal age. 81 Modern use of amniography is invariably restricted to the third
trimester due to associated knowledge of the possibility of induction of fetal
malformation due to exposure to X-radiation earlier in pregnancy. Amniography
can be used to determine fetal age, fetal distress, and fetal death. With the
advent of the introduction of ultrasonography in the middle 1960s, however, the
use of amniography is not generally recommended in conjunction with amniocentesis
due to certain risks associated with it in addition to exposure to X-radiation.
These include the possibility of injection of radioopaque dye into the fetus,
and possible allergic reactions to the dye. Ultrasonography as described below
provides much of the same information with no apparent side effects.

Ultrasonography. Ultrasound has been shown to be safe in obstetrical
diagnosis7, 57, 100 and is suitable for use prior to amniocentesis in the second
and third trimesters to ascertain the gestational age, location of the fetus,
location of the placenta, and the occurrence of twinning or multiple fetuses.

The value of having this information has been discussed previously and its
importance cannot be overemphasized. The use of ultrasonography prior to amnio-
centesis is fast becoming a routine procedure in order to avoid certain compli-
cations.

Amnioscopy and Fetoscopy. Transcervical amnioscopy and fetoscopy were
introduced due to an increased interest in obtaining knowledge of the intrauter-
ine environment and the fetus during pregnancy. This valuable diagnostic tool
has been refined to the point where endoscopes can be introduced through the
abdominal wall (now generally referred to as fetoscopy). The procedure is now
relatively safe, and it can provide information regarding fetal malformations
and other anomalies in utero, such as fetal distress, and location and condition
of the placenta.

15-145



Table 5. Complications of Transabdominal Amniocentesis

Year

1933

1933

1933

1934

1935

1952

1953

1953

1956

1957

1968

1958

1960

Author

Diekman and Davis

Kerr and MacKay

Rivelt

Cornell and Case

Burke

Bevis

Bevis

Savignac

Bevis

Walker

Parrish at al.

Sjostedt et al.

Moncriell and Browne

Patients

—

-

-

-

-

69

-

-

-

-

-

-

Taps

25

20

5O

6

75

158

205

9

71

134

5O

45

250

Successful Taps.
Percent

(or number)

100

100

-

100

-

-

-

-

-

92

-

Indications for
Amniocentesis

Volumetric
determination of
amniotic fluid

X-ray diagnosis
of Placenta Previa

Polyhydramnious

Amniography

Amniography

Fetal hemolytic
disease

Fetal hemolytic
disease

Diagnostic
amniography

Fetal hemolytic
disease

Fetal hemolytic
disease

-

Determina oxygon
tension of amniotic
fluid.

Fetal hemolytic
disease

Site of Puncture

—

-

-

-

-

-

-

-

-

-

-

-

Number of

Nona

3

None

None

None

None

Nona

None

1

None

(1 minor)

(1 minor)

None

Based on No.
of Taps.

Percentage
of Compilations

0

15

0

0

0

0

0

0

1. 4

0

(2)0

(2. 2 )0

0

—

3 fatal deaths following amniography.

1 Abdominal pain; 9 bloody taps without
sequelae.

Abdominal pain.



Table 5 (Continued)

5

Year

1960

1960

1961

• 1961

1961

1961

1961

1962

196

1962

1962

1962

1963

Author

Carey

Liley

Liley

MacBeth and Robertson
MacBeth and Robertson

MacKay

Meyer

Wild

Beecham et al.

Goodlin and Schwartz

Nesseltine

Misenhimer

Walker and Jennison

Barton and Stauder

Patients

-

-

-

-

-

-

-

-

-

-

Taps

89

200

101

223

253

119

13

240

-

29

500

126

Successful Taps,
Percent

(or number)

99

-

-

-

-

-

-

-

-

Indication* for

Fetal hemolytic
disease

Fatal hemolytic
disease

Fetal hemolytic
disease

Fetal hemolytic
disease

Fatal hemolytic
disease

Protein and
Bilirubin
association

Fetal hemolytic
disease

Coproporphyrin
concentrations

-

Fetal hemorrhage
and amniocentesis

Fetal hemolytic
disease

Fatal hemolytic
disease

Site of Puncture

-

-

-

Soft tissue Placentography

-

-

-

-

-

-

Number of
Complications

None

9

0 (9 minor)

none

5

1

None

None

1

1

None

1

None

Based on No,
of Tape,

Percentage
of Complications

0

4. 5

(9)0

ft
u

2. 2

0 4

0

0

0 4

-

0

0. 2

0

Comments on Complications

2 fetal deaths secondary to chorioamnio-
nitis; 7 premature labors induced. Also
definite placental puncture in 20. 5 per-
cent of cases, and possible 24. 5 percent
without sequelae. Fatal puncture with-
out sequelae, 5. 5 percent.

Fetal blood aspirated without sequelae.

2 fatal deaths secondary to abruptio pla-
centa; 2 cases of amnionitis; 1 premature
tabor.

Fetal death probably due to abruptio
placenta.

4 failed or bloody taps without sequelae.

Periuated death secondary to
amniocentesis.

Maternal death due to infection.

Premature labor with amnionitis.



Table 5 (Continued}

(or number)
Site of Puncture

Based on No.
of Taps,

1953

1963

1963

ft.

McGaughey et al.

Reddin and Brown

Zipursky et al.

20 patients Immunological
implications of
amniocentesis

11 percent stillbirths, causes not fully

200

40

exchange at term
in n

5

1 injury during

196*

1964 162

McLain

200

171

252

78

75(7)

217

91

Fetal hemolytic
disease

Fetal hemolytic

2" below umbilicus at

1-2" below umbilicus on
side of fetal limbs

Fetal blood obtained in 4 taps; 2 macer
ated hydropic infants delivered, 2 re-

40. 5 percent maternal bloody taps without

Fetal hemolytic

Fetal hemolytic

Fetal death after bloody tap.

3-4 cm below umbilicus in
midline or toward fatal

Fetal hemolytic



Table 5 (Continued)

Year

1965

1966

1965

1966

1966

1965

1966

1966

1965

1966

1966

1966

1966

Author

Bowman and Pollack

Cherry

Crosby and Merrill

Freda

Goodlin

Mann et al.

Jensen and Sorenson

Queenan and Adams

Westberg and Margolis

Alpern

Charles and Jacoby

Freda

Hibbard

Patients

64

-

-

-

?

—

63

—

-

-

400

-

Taps

402

76

42

900

?

100

66

74

166

101

25

1000

48

Successful Taps.
Percent

(or number)

-

-

92

-

100

96

-

94. 1

-

-

-

Indications for
Amniocentesis

Fetal hemolytic
disease

Fetal hemolytic
disease

Fetal hemolytic
disease

Fetal hemolytic
disease

Evaluation of
amniocentesis

Use of Teflon
catheter in
technique

Assessment of
fetomaternal
hemorrhage from
amniocentesis

Fetal hemolytic
disease

Fetal hemolytic
disease

Fatal hemolytic
disease

Determine amniotic
fluid volume

Fetal hemolytic
disease

-

Site of Puncture

Placental localization using
Cr51

-

-

-

-

—

-

-

Caudal and anterior to fetal
anterior shoulder

-

-

Placental localization
w/RISA 1 3 2

Number of
Complications

7

None

None

Nona

1

Nona

6

See comments

1

1

None

None

None

Based on No.
of Taps,

Percentage
of Complications

1. 7

0

0

0

?

0

9. 1

-

0. 6

1

0

0

0

Comments on Complications

7 fetomaternal transfusions with 1 still-
born and 1 neonatal death after trau-
matic taps; 20 failed or bloody taps.

Severe amnionitis and maternal
peritonitis.

5 fetomaternal hemorrhages; 22 failed
or bloody taps.

40. 5 percent maternal bloody taps and

40. 5 percent maternal bloody taps and
13. 5 percent fetal bloody taps without
sequelae.

Amnionitis with premature labor.

Amnionitis.

1 failed or bloody tap.



Table 5 (Continued)

Year

1966

1966

1966

1966

1967

1967

1967

1967

1967

1967

1968

1968

Author

Mandelbaum and Event

Misenhimer

Schwartz et al.

Witchick

Berner

Freds

Cassady et al.

Jacobson and Barter

Queenan

Wang

Asensio

Burnett and Anderson

Patients

-

—

-

-

47

-

-

-

-

-

Taps

1500

4

75

5O

7

5000

B4

28

604

74

500

?

Successful Taps,
Percent

(or number)

-

-

-

-

-

-

-

-

-

-

Indications for
Amniocentesis

-

Assessment of
fetal hemorrhage
and amniocentesis

Amniography

Amniography

Amniography

-

-

Genetic defects

-

Fetomaternal
hemorrhage from
amniocentesis

Evaluation of
amniocentesis

Site of Puncture

-

Side of fetal small parts

-

Nucleal tap on side of fetal
small parts

-

Placental localization
w/radioisotope and
thermogram

-

-

-

Fetal small parts

Number of
Complications

None

2

None

3

1

None

10

None

1

8

3 Major

4

Based on No.
of Taps,

Percentage
of Complications

0

50

0

6

?

-

183

0. 2

10. 8

0 *

?

Comments on Complications

Fetomaternal transfusion resulting in
fetal death from anemia end shock at
birth.

Needle marks on Infant, 1 DEVELOPED sub-
cutaneous infection.

Injection of radiopaque dye into fetal
arm.

29 failed or bloody taps.

or failed taps.

1 premature labor; 289 failed or bloody
taps, 59 taps with fetal blood.

Fetomaternal transfusions with Increased
maternal sensitigation and fetal death In
2 O W N , 14 failed or bloody taps.

1 severe Intrauterine Infection following
glucose abortion; 2 ruptured membranes;
abdominal pain in some cases. 20 failed
or bloody taps.

1 definite fetal vein rupture by needle
outing fetal death; 2 other fetal deaths
after polyhydramnous treatment; 1 pla-
cental trauma; 1 failed or bloody tap.



Table 5 (Continued)

Taps

of
complications

No statistical

-

5
1970

1970

1970

1970

1970

Crystle 161

>8000

410

>200

25

416

Suprapubic, no longer

Genetic defects

Evaluation of Placental localization using

to lack of adaquate
number of cases

11. 2

1

0. 2

107

3000

ultrasonography

Area of fetal small parts

None reported

0 . 2

1970 155 162 Genetic defects
(13-18 wk)

Midline toward middle of (0. 6)

1 fetal hematoma of thorax, 1 pneumo-
thorax of fetus; 1 subdural hematome
and brain damage due to needle punc-
ture —stillborn. First two cases
and development to normal.

e of major fetal v

4 failed or bloody laps.

at birth with evi-
dence of erythroblastosis: 4 failed or
bloody taps: 1 tap with fatal blood.

nta upture of
premature labor in 2. 2 percent; feto-
maternal hemorrhage in 38 percent, 2

(1. 1 percent), 15 failed or bloody taps,
1 with fetal blood in taps.

premature labor at 20 weeks, 2 intro-

nated with maternal or fetal blood (2. 3

Spontaneous abortion 1 month after
procedure with evidence of recent mini-
mal chorioamnionitis. Cause for abor-
tion listed as incompetent cervix.



Table 5 (Continued)

1970

1971

1971

1971

1972

1972

1973

1974

1974

1974

1974

1974

Walker

Emery et al.

Ferguson-Smith et al.

Gerbie

Ryan

Scringeour

Turnbull

Blajckman (a)

Blajckman (b)

Allen

Doran

Ekgren

Patients

—

-

-

231

-

-

23

101

100

73

231

Tape

2000

170

28

256

291

42

80

26

113

?

?

540

Successful Taps,
Percent

(or number)

100

100

-

1 patient

-

-

-

—

-

5 patients
(failed culture)

96. 2

Indications for
Amniocentesis

—

Genetic defects

Genetic defects

Genetic defects
(13-18 wk)

Assessment of
amniocentesis

Risks in routine
use of procedure

Genetic defects
(14-16 wks)

Prior to 20th
week, genetic
abnormalities

After 20th week,
fetal hemolytic
disease

Genetic diagnosis

Genetic diagnosis

Fetal hemolytic
disease

Site of Puncture

—

-

Placental localization using
ultrasonography

-

-

-

25 percent of cases used
ultrasonography

Ultrasonography used to
locate site on all cases

-

-

Midline, 2-3 fingers
above symphysis

Complications

1

None

0

None attributable
to amniocentesis

6

1

None reported

See comments

See comments

2 significant

4 significant

7

Based on No.
of Tape,

Percentage
of Complications

0. 05

-

0

0

2. 1

2. 4

0

See comments

See comments

?

?

1. 3

Comments on Complications

Fatal death attributable to fetomaternal
hemorrhage.

1 failed tap attributed to anterior
placenta.

Fetal bleeding leading to 3 intrauterine
deaths, 1 intrauterine transfusion, and 1
Caesarian section before fatal bleeding
was significant. 1 questionable amnioni-
tis in conjunction with premature rupture
of membranes.

1 fetomaternal hemorrhage, 1 failure et
14 weeks.

15 percent fetal erythrocytes.

6 percent transplacental hemorrhage.

1 abortion and 1 extrasystole.

4 spontaneous abortion w/clear fluid
taps; 2 transient leakages of fluid with
no sequelae.

5 rupture of membranes; 1 spontaneous
labor; 1 placental abruption.
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CRITIQUE OF BATTELLE REPORT
Robert E. Cooke, M. D.,

Commissioner

One of the most critical questions put to the National Commission on the
Protection of Human Subjects is that of the necessity for research utilizing
the living human fetus in utero or ex utero when the research is not for the
benefit of that particular fetus.

Testimony has been given and denied as to the necessity for such research
in solving important practical problems affecting significant numbers of persons
in the near future.

The integrity of the Commission in the minds of groups of different views—
all heavily emotionally involved—laity, clergy, scientists—will depend upon
the objectivity and impartiality of the answers provided to the issue posed.

The only true objective approach beyond question, since scientists make
this analysis, is to collect information and analyze past research accomplish-
ments with the intention of disproving, not proving the hypothesis that research
utilizing the living human fetus nonbeneficially is necessary.

In the neurosciences, for example, the presumption (without laws or bans)
has existed that invasive nonbeneficial research on the human brain is out of
the question. With that presumption great progress has been made in understanding
a very complex organ or collection of organs by highly creative animal research,
by study of human pathological material synthesized with clinical and therapeutic
research.

An analysis of the understanding of human brain function could either
emphasize superficially living human research or could show by very detailed
and painstaking analysis the enormous contribution made by animal studies—the
latter being closer to the facts.

In general in relation to the problem of nonbeneficial research on the
living human fetus, the Battelle Report in part because of time constraints,
but probably also because of orientation, does not challenge sufficiently the
stated hypothesis.

The emphasis in the report is placed:

1. On what some would consider relatively trivial contributions—
sharpness of needle, etc., in amniocentesis.

2. On contributions from human therapeutic research—in the
premature infant in hyaline membrane disease.
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3. On living tissues from the dead fetus—rubella.

4. On fluid (and cells therein) from around the fetus or fetal
membranes, placenta, placental vessels, etc., in prenatal
genetic disease detection.

5. On fetal therapeutic research as in hydrops fetalis associated
with Rh disease rather than on nonbeneficial research on the
living human fetus in utero or ex utero.

The report is written as though human research is in question and substan-
tial credibility of the report as regards fetal research is thereby lost.

In fact most of the research cited was done before any significant number
of legalized abortions were being carried out and practically none of the work
in Rh disease or hyaline membrane disease used abortuses. Abortuses were used
in rubella and amniocentesis but the necessity for their use is addressed below.

The biased orientation appears throughout. In the introduction, page 15-5,
the statement is made that "amniocentesis is central to research leading to an
understanding, characterization, and detection of the disease (congenital rubella
syndrome). " That statement is utterly false. Minimal information has or is being
gained in rubella from amniocentesis. Living human fetal research or nonbeneficial
nature played essentially no role in Rh disease. Transfusion therapy was for the
benefit of that fetus. Rh vaccine required maternal blood samples—not fetal
research. The introduction, page 15-5, further implies that without amniocentesis
and/or fetal research there would be "no basis for successful research toward pre-
vention or cure" in RDS or hemolytic disease. These statements are gross exag-
gerations as well. Animal research or research on lungs of dead prematures shed
enormous light on RDS and exchange transfusion in living newborns was the giant
step in Rh disease.

Such a bias vitiates the claim (page 15-5) that "dependence must be placed
on the judgement of qualified persons that proceeding to research involving living
human fetuses is justified on the basis of research/benefit considerations. "

In RDS—the major fetal contribution has been the L/S ratio as an indicator
of lung maturity. Now its use is strictly therapeutic. The earlier collection
of amniotic fluid to establish normative data could have been collected oppor-
tunistically from amniotic fluid at caesarean section and correlated with other
indicators of maturity and survival. However, even the amniotic fluid studies
cited as fetal research were noninvasive to the fetus per se and probably accep-
table to most religious groups. The study of lung inflation curves, of surfac-
tant levels, of steroid induction of biochemical maturation of the lung did not
require living human fetuses.

The study of transplacental movement of steroid near term to induce lung
maturation did not require abortuses and elective caesarean section would suf-
fice.
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In the development of the rubella vaccine, the report indicates that use
of animals to study transplacental passage of the vaccine virus was misleading.
The initial studies utilized only six rhesus monkeys. No other animals were
used. A positive take in any one should have been enough to raise serious
doubts as to its use in pregnant women.

Likewise, the use of pregnant women—intentionally vaccinated prior to
abortion is said to have been essential to discover the threat to future fetuses.
However, despite this report accidental vaccine infection of the fetus was
reported shortly thereafter thereby vitiating the original intent to avoid
accidental infection.

On page 15-14 the sensitivity of the reporters must be further questioned.
The report suggests that women who are to be aborted and who are presumably
vaccinated might be challenged by wild type virus intentionally to show fetal
protection by the previous immunization procedures. No concern is expressed
regarding possible illness in the mothers from wild type rubella—a not
totally benign illness in adult females.

In rubella, then, epidemiologic investigations clearly established and
characterized the congenital rubella syndrome. Maternal Serologic studies
and clinical follow-up established the frequency of damage. The danger of the
vaccine to the human fetus was learned accidentally despite in utero fetal
research. Retrospectively in utero fetal research might have been justified
before any use of the vaccine so that accidental infection would have been
avoided, however, in fact such research did not prevent later accidental
infection.

In the discussion of amniocentesis, the bias of the report continues. In
the benefit to cost calculation, for example, the average age of Down's Syndrome
used in the calculation is 5O years. Penrose, in his book, gives the correct
average longevity of DS as 16 years. The report, therefore, increases benefit
by a factor of 3. Present longevity may be closer to 20 years.

In discussions of the technique of amniocentesis most of the "advances"
are minor technical ones, "the type and degree of sharpness of the needle, "
not substantive research and such information could have been gained as part
of therapeutic research for Rh disease, etc., or probably from animal studies.
The use of ultrasound could be developed in animals readily.

The assertion that the techniques could not have been developed in animals
is unreasonable. Certainly the Blalock-Taussig procedure for cyanotic heart
disease is conceptually and technically far more complex than amniocentesis.
Yet, all details of the surgery were worked out not in humans but in dogs that
do not even have tetralogy of Fallot.

In the discussion of amniocentesis, detection of defects through tissue
culture utilized living cells shed into fluid—not the living fetus. Normative
values for enzymes were obtained in significant numbers from the use of amnio-
tic fluid obtained at the time of abortion not from the living fetus.
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In the discussion of Rh disease—"three major phases are cited as requiring
human fetal research. "

1. Fetal cells in the maternal circulation. Maternal sensitization
and antibody coating were already well known; hence "fetal research"
was not fetal research. It required small samples of maternal
blood.

2. Maternal anti-Rh antibodies found on fetal (newborn more exactly)
cells by Coomb's test. Fetal research not required.

3. The postnatal CNS effects of bilirubin and the lack of damage to
the fetus was known without live fetal research and the prevention
of hernicterus by exchange transfusion which was an enormous
achievement (Diamond and Allen) required no fetal research.

Likewise, Rhogam development to prevent Rh sensitization at delivery or
abortion did not require studying of the living fetus.

Indeed, the three areas cited, pages 15-62 and 15-63, were very minor in
the picture of the solving of the Rh story.

The same effort to justify fetal research comes through on page 15-63.
The large number of stillborns referred to from E. F. with hydrops implies that
the major advances in Rh disease were fetal. That is incorrect just as is the
summary statement, page 15-63, "It was through this sequence of critical advances
in human fetal research that the Rh vaccine was conceived and the threat of Rh
disease brought under control. "

On page 15-64 a list of so-called critical questions is presented to sug-
gest that the ban on fetal research would have affected most of the discoveries.
The answer to all are "yes" not "no" (except 3 - "the same") without beneficial
research on the living human fetus in utero or ex utero.

The statement that a "ban on fetal research would not have allowed this
understanding of the mechanism of Rh disease in humans to evolve over the short
span of 15 years" is simply not true. The understanding came without the research
which is now banned.

The RDS story is similar to the other areas cited. Fetal research was
necessary—namely, research on dead premature infant lungs, fetal fluid obtained
by amniocentesis near term to guide therapy of that infant and fetal research
on animals. Thus, a ban on research on the living human fetus obtained by
abortion would not have prevented the present advances. Therapeutic efforts
aimed at the near-term or premature infant with hyaline membrane disease are
not prevented by any such ban.

In conclusion, the Battelle Report has erred as many scientists have done
in trying to justify the importance of human research by failing to challenge
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objectively the need for nonbeneficial research on the living human fetus in
utero or ex utero. As a scientist, I feel the evidence must be exhaustively
searched to show absolutely unequivocally, not subject to dispute by anyone,
that some vital link in the chain that led to the solution of a problem that
all men of good will would agree was important required the nonbeneficial non-
therapeutic use of a living human fetus in utero or ex utero.

The Battelle Report has not done so in my opinion and unfortunately has
been presented unchallenged in the press as authoritative.

The revised final report unfortunately can not dispel the earlier impres-
sions. The distinction between therapeutic and nontherapeutic is helpful.
The discussion of animal models is more objective. The basic problem, however,
still exists.
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RESPONSE TO THE COOKE CRITIQUE

From reading the critique, it appears that the primary difficulty arose
from differences in the definition of "fetal research. " Our working definition,
as stated in the Introduction and the Overall Conclusions, was "any experimenta-
tion on either the pregnant woman or the fetus in which either drugs or surgical
procedures are involved. " Thus we included numerous examples which Dr. Cooke,
using a more restricted definition, does not consider fetal research.

For clarity, his comments are discussed by individual cases.

Congenital Rubella Syndrome

Our report agrees with him that fetal research played no part in estab-
lishing the association of CRS with rubella or in the development of the vaccine.
As to the fetal research involved in studies of vaccine transmission transplacen-
tally to the fetus, we agree that the first study did involve some women who were
unknowingly pregnant. It and subsequent studies did delineate the risk of the
vaccine to fetuses and establish the proper time for vaccination. While only six
rhesus monkeys were used in the transplacental study that led to the above-
mentioned fetal research (vaccination of pregnant women before planned abortions),
we agree with a number of investigators that the fetal research was necessary.
To have waited for the vaccination of pregnant women to show the vaccine passage
across the placenta would have meant either the birth of infected infants or
unwanted abortions. As to the intentional challenge by wild virus to vaccinated
women, we did not "suggest" it. We merely pointed out that such an experiment
would represent the ultimate test of the effectiveness of the vaccine.

Amniocentesis

Here especially the problem of the definition of fetal research appears.
By our given definition, withdrawal of amniotic fluid to determine the status
of a fetus is fetal research until the diagnosis involved is regarded as an
established procedure. Thus, the studies involving amniocentesis in Rh-immune
disease, respiratory distress syndrome, and the determination of genetic defects,
at the time they were done, qualified as fetal research. As to the adequacy of
animal models for the procedure of amniocentesis, there is obviously a differ-
ence of opinion. We gave our assessment of the evidence. The Yale report
reached the same conclusion.
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Dr. Cooke also criticized our use of 5O years as the life expectancy of
children with Down's syndrome. Our reference for this figure is Milunsky in
The Prenatal Diagnosis of Hereditary Disorders, 1973, Charles C. Thomas pub-
lisher. A reproduction of the relevant pages is attached.

Rh Vaccine

As to the areas given on pages 15-62 and 15-63, we stand on our statement
that their definition was necessary to the understanding of the mechanism of
erythroblastosis. Under the given definition of fetal research, study of the
pregnant woman's blood qualifies as fetal research. Mengert in 1955 used amni-
otic fluid, thereby qualifying the study as fetal research. The work of Diamond
and Allen was described in the report as not involving fetal research. It should
be noted however, that the postnatal transfusions perfected by Diamond and Allen
of course did nothing for the fetuses dying in utero. The intrauterine trans-
fusion procedure was a result of fetal research.

As regards Dr. Cooke's comments on the questions on page 15-64, unfortunately
we did not give explicit answers in a 1, 2, 3 , . . . series. The pages following,
however, do show that not all research was fetal and that some was fetal by our
definition, though not by Dr. Cooke's.

Respiratory Distress Syndrome

Here again, the definition of fetal research has caused problems. We con-
sider the studies on L/S ratio via amniocentesis to be fetal research; Dr. Cooke
does not. Antenatal therapeutic studies, as with corticosteroids, are fetal
research by the definition used; Dr. Cooke does not consider these as fetal
research.

To summarize, the conclusions we reached in our study were based on a given
definition of research on living fetuses. Using Dr. Cooke's definition, many,
perhaps even most, research studies described in the report would not have been
classified as fetal research. Had we used his definition, our conclusions would
have been drastically altered.

R. I. Leininger
Battelle's Columbus Laboratories
April 21, 1975
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