
Memoranda

STANDARDIZATION OF PROCEDURES
FOR CHROMOSOME STUDIES IN ABORTION*

INTRODUCTION

Chromosomal anomalies have been found in
liveborn children and in adults in association with
certain types of maldevelopment and, as a result,
they have been sought and detected in abortuses.
The early studies indicated that their frequency in
abortion material appeared to be relatively high.
This led research interest to extend to determining
the over-all incidence, the types and the specific
categories of chromosomal changes observed. If the
results are pooled of the few series so far published
(see " Review of Previous Studies ", below), almost
one-fifth of the successful cultures have shown
chromosomal abnormalities-a fact of considerable
interest to those who have been concerned about the
causes of abortion. However, superficial inspection
reveals considerable variation in frequencies between
the different s ries. A more detailed examination
indicates some of the reasons for this variation and
also discloses the need to clarify a number of other
problems.
There is, firstly, the fact that apparently not all

chromosomal aberrations of a given type are pre-
natally lethal. Thus a small proportion of foetuses
with an abnormal sex chromosome constitution of
the XO type survive and have a reasonably long
life expectancy. The reason for these differences in
survival is unknown. Secondly, it is also not known
whether some of the trisomies found in abortuses (in
chromosome groups D or G, for instance) corre-
spond to those found in survivors at birth (chromo-
some D1 or 21). A third point is whether some of the
variation in the frequency of chromosomal anomalies
in apparently spontaneous abortions observed by
different authors may be due to factors other than
selection of case material, tissues sampled or other
technical differences. Such variation, if real, could be
an expression of dissimilarities in the genetic struc-

* See page 776 for list of signatories.
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tures of the populations studied or other differences
in their make-up, or it could be due to varying
environmental factors-such as exposure to drugs,
radiation, viruses, etc.-acting upon the different
samples of women studied. In the case of viruses,
for instance, longitudinal studies of a given popula-
tion might reveal changes in frequency of chromo-
somal anomalies in relation to epidemics. Thus
studies aimed at showing seasonal and/or secular
variation can be of importance. Ancillary studies
(for instance, blood grouping) on the abnormal
abortuses also offer promise that the chromosomal
location of some of the genetic errors of man may be
more clearly determined; and if autosomal mono-
somies or deficiencies could be encountered in suffi-
cient numbers, some of the techniques at present
available, and others which one might reasonably
expect to be developed in the near future, might help
in the construction of a map of the human chromo-
somes.

Meanwhile, studies of induced abortions, coming
largely from those countries in which these pro-
cedures are sanctioned by law, have yielded relatively
low frequencies of chromosomal anomalies in
comparison with the high frequency found in spon-
taneous abortions. Two points must, however, be
borne in mind. First, it is a question how far these
data, which for some purposes may be considered to
be derived from random pregnancies in one country,
can be used as basic norms for another country.
Secondly, nothing is yet known about the possible
correlations between the findings in induced abor-
tions and the medical indications which determine
them.
These studies also give interesting information

about the balance of the sexes in early pregnancy.
Sex ratio data, still fragmentary, indicate a slight
excess of XX over XY abortuses of normal karyo-
type in both spontaneous and induced abortions, a
much more marked excess of XX over XY com-
plements in trisomic abortuses, and an overwhelming
excess ofXX complements in hydatidiform moles.
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These few examples are sufficient to indicate that
the results of chromosome studies of abortuses are
of interest to a variety of people and that such
studies can attract many research workers from
different fields and with a variety of research pro-
jects. For instance, despite the importance of
abortion studies to embryology, embryological
analyses in abortuses with known chromosomal
abnormalities have hardly begun. However, despite
the relative simplicity of important chromosomal
techniques, cytogenetic and related studies of
abortuses are time-consuming, and no one laboratory
can study more than a relatively small series of
abortions within a practical period of time. Yet
many significant conclusions can be reached only by
pooling or contrasting the results of studies carried
out in many different laboratories. In either event,
whether one wishes to add or to compare, a great
measure of uniformity in sampling procedures or
data collection, etc., is necessary and a review of the
work done so far clearly indicates that this unifor-
mity does not exist at present.
The following memorandum is an attempt by

the signatories to establish procedural guidelines
which will facilitate communication and comparison
of results from different laboratories at different
times. We are well aware of the limitations and of
some of the inconsistencies of these proposals, but
feel that small sacrifices of procedural consistency
are justified by the great advantage gained by a
system which, it is hoped, can be used internationally.
The following " standards " should therefore be
regarded as guidelines only rather than as inflexible
rules of procedure. The aim of these recommenda-
tions is to avoid the difficulties that arise from
insufficiently clear description of the material and its
selection, of its methods of study and of essential
anamnestic data. Certain basic definitions will be
presented, and matters of terminology clarified.
After this, three main areas are considered. First,
the abortus itself: description, measurements and
various aspects relating to its study and eventual
preservation. Second, the relevant biological infor-
mation: e.g., the assessment of the type of abortion,
data on gestational age, parity, maternal age,
paternal age, pregnancy histories, etc. And third,
the cytological studies: techniques of sampling,
tissues to be sampled in different types of abortuses,
desirable numbers of counts, analyses and karyo-
types for chromosome studies; nuclear sexing; and
special techniques, e.g., autoradiography, which may
be useful in identifying specific chromosomes.

REVIEW OF PREVIOUS STUDIES

Chromosomal studies have been carried out in a
number of laboratories on a total of more than 450
induced and nearly 800 spontaneous abortions
(Annex 1). From each study one can obtain an
estimate of the relative frequencies of various types
of chromosomal abnormalities, and these show great
variation. For example, the over-all frequency of
chromosomal abnormalities ranges from 2% to
45 % in series with at least 50 spontaneous abortions.
This would appear largely to reflect differences in the
selection of the material studied and possibly
differences in techniques and in the proportion of
successful cultures obtained in induced and spon-
taneous abortions. In view of this, it is impossible to
say whether any of the variation encountered had a
deeper significance with respect to the biological back-
ground of the different populations or samples
studied. A much greater degree of uniformity and
standardization of work and reporting will be
required before meaningful comparisons can be
made.

Despite these limitations, some tentative con-
clusions may be reached on the basis of the available
data. For instance, it appears that chromosomal
abnormalities are a significant factor in many
abortions. Chromosomal abnormalities have been
demonstrated in 2% of more than 450 induced
abortions and in 19% of nearly 800 spontaneous
abortions. Despite the possible bias introduced by
the greater failure rate of cultures set up in spontane-
ous abortion tissues, it seems clear that chromosomal
abnormalities occur much more commonly in
spontaneous than in induced abortions. The
magnitude of the difference in frequency of chromo-
somal abnormalities is compatible with an over-all
frequency of abortion of about 15% and the loss of
the great majority of foetuses with abnormal
chromosomes.
The frequency of chromosomal abnormalities is

highest in early pregnancy. Where an intact empty
sac or a grossly malformed embryo is present, the
frequency is particularly high. The much higher
frequencies of chromosomal abnormalities in spon-
taneous abortuses than in induced abortuses, liveborn
infants or adults support the hypothesis that most
chromosomally abnormal embryos abort. Whether
this is true of the clinically most important ab-
normalities-i.e., 21-, E- and D-trisomies-cannot
be determined until more accurate identification of
individual chromosomes is possible. Most of the
chromosomal abnormalities observed in abortuses
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appear to be similar to those seen in newborn infants
and adults. However, one can say this only with
some reservation, since identification of individual
chromosomes is so limited.

In the total sample of 153 chromosomally ab-
normal abortuses for which published or unpublished
data are available, 21 % have a chromosome missing
from the C group. Most of these abortuses, and the
cultures derived from them are chromatin-negative,
and the karyotype is thought to be XO. Without
such supporting evidence, or autoradiographic
studies, no distinction can be made between C-group
monosomy and an XO sex-chromosome complement.
If all cases are XO, then approximately 4% of all
spontaneously aborted conceptuses studied are XO.
An additional chromosome has been observed

in 41 % of the 153 abortuses referred to above.
It is the most common type of chromosomal ab-
normality in abortuses. These are generally called
trisomics, although crucial evidence in support of
this diagnosis has rarely, if ever, been obtained.
Identification is usually limited to group designation
alone, although trisomies 2, 3 and 16 have been
diagnosed on the basis of the relatively distinctive
size and shape of these three chromosomes. The
most common trisomies involve groups D, E and G,
just as in liveborns. They are found in 1.1 %, 2.7%
and 2.4 % of spontaneous abortuses respectively. In
none of these groups is there evidence that the same
chromosome is involved in abortuses as in liveborns.
In fact, trisomy 16 is the most common E-group
trisomy in abortuses, yet it occurs rarely in liveborns.
The so-called G-group trisomies may contain some
XXY abortuses, i.e., any in which the Y chromosome
cannot be distinguished from 21 and 22. Similarly,
an abortus with an extra chromosome in the C group
may have a rare autosomal abnormality or an extra
X chromosome. Only the latter is at all common in
liveboms. The rarity of B- or F-group trisomy is
apparent from the present data. One might even
wonder whether the extra chromosome in the three
cases with presumptive B- or F-trisomy are not in
fact deficient chromosomes. Although presumptive
translocations appear to be rare in these abortuses,
karyotype analyses on the parents of every case with
a chromosomal abnormality are necessary before this
problem can be resolved.

Triploidy was present in 17% of the 153 abortuses
in this pooled sample; i.e., it was found in 3.3% of all
abortuses karyotyped. It is therefore somewhat less
common than XO abortuses. Tetraploidy is much
less common; it was diagnosed in 5% of these 153

abortuses. Since the amnion normally contains
tetraploid cells, it is unclear whether tetraploid
embryonic tissues will be found. Mosaicism occurred
in 8 %; and translocations, double trisomy and other
abnormalities comprise the final 8 %.

Certain kinds of question can be answered only
with the' larger amounts of data that can be obtained
by pooling individual studies. Questions concerning
sex ratio are of this kind. The available data are still
too fragmentary to be more than suggestive. They
appear to indicate a slight excess of XX over XY
abortuses of normal karyotype in both spontaneous
and induced abortions (171 XY to 194 XX, and
194 XY to 210 XX). There is a rather marked excess
of XX over XY abortuses with autosomal trisomy
(23 XY to 37 XX), and an overwhelming excess of
XX over XY complements in hydatidiform moles
(2 XY to 34 XX) (Annex 2). The total number of
diploid XY or XO abortuses divided by the total
number ofXX abortuses provides a ratio that should
be comparable to the ratio (often, though incorrectly,
called the sex ratio) ofsex-chromatin-negative to sex-
chromatin-positive abortuses. The resultant ratio,
94, is clearly different from the ratios obtained from
studies of sex chromatin alone. This may indicate
that sex-chromatin studies of abortuses, unsupported
by chromosome analysis, are inaccurate, perhaps
because foetal death is accompanied by disappear-
ance of sex chromatin. However, the limitations of
the available chromosome studies render this con-
clusion very tentative.
Another question concerns the role of advanced

maternal age in the etiology of chromosomal ab-
normalities. Almost no reports have included a
figure on the mean maternal age of the population
from which the abortions were drawn, and the only
baseline available may be the mean maternal age of
mothers of chromosomally normal abortuses in the
same population. One study, that of Carr,' is large
enough alone to show a significant increase in mean
maternal age of the mothers of trisomic abortuses in
comparison with that of the mothers of chromo-
somally normal abortuses, and the absence of such a
difference in the mothers ofXO or triploid abortuses.
Further data are needed to permit more detailed
analysis of this question, which is so important in
relation to the etiology of chromosomal abnormali-
ties. In addition, there appears to be a higher than
expected frequency of previous abortions in the
mothers of triploid abortuses, but the available data

1 Carr, D.H. (1965) Obstet. and Gynec., 26, 308-326.
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are too limited for this to be more than a suggestion.
This relationship is also shown by the distribution of
numbers of abortions.

Unrelated studies on habitual aborters have been
carried out and the data, while still limited, indicate
that parental chromosomal abnormalities may play a
significant role in the etiology of recurrent abortion.

DEFINITIONS AND NOMENCLATURE

rerms relating to the study of chromosomes and
of abortion material are frequently used in various
ways. The signatories gave careful consideration to
the nomenclature to be used in classifying the variety
of ways in which a pregnancy may be terminated
prematurely.
For the purpose of the present report, an abortion

describes the separation from the mother of the
products of conception before they are sufficiently
mature to lead an independent life (often con-
sidered to be at approximately the 28th week
of foetal life). The same term is frequently used
to describe the tissues which are passed, or ex-
tracted, following the separation of the con-
ceptus, and for this reason the term is ambiguous.
Our recommendation is that the term abortus be used
to describe the product of a single conception which
becomes separated from the mother. A multiple
pregnancy, therefore, may terminate in an abortion
which will consist of two or more abortuses. For
purposes of tabulation, care should be taken to use
" abortion " and " abortus " in the sense indicated
above so that any counts relating to multiple
pregnancies are unambiguous.

Abortions may arise in a variety of ways. They
should be classified as.

Spontaneous abortion: any non-induced abortion.

Induced abortion:
1. Medically indicated abortion.
2. Non-medically indicated abortion.

Other abortions: those which cannot be put in the
previous categories because of inadequate informa-
tion.

Criteria for distinguishing between induced and
spontaneous abortions
Laws relating to the induction of abortion,

either on medical indications or otherwise, vary
widely in different countries. In some countries
where the induction of abortion is illegal, except for a

severely restricted number of cases, attempts to
disguise the attempted abortion may lead to mis-
diagnosis unless great care is taken to distinguish
induced from spontaneous abortion. Since the
frequency of chromosome aberrations in these two
categories, on present evidence, differs considerably,
this is important.
A check-list of observations on the patient's con-

dition, history, background, etc. may be found
helpful in establishing this distinction. The items
appearing on such a list will differ substantially from
place to place, and only a few key suggestions, which
should be expanded locally, can be made here.

Frequently, but not always, the following informa-
tion is useful in ascertaining that an abortion was an
induced event: significant elevation of temperature
within a short period after abortion; histological
evidence of placental inflammation; verbal admission
of instrumentation or ingestion of abortifacients;
use of contraceptive procedures; marital status;
personal acquaintance of family circumstances by
physicians, etc.

Contrariwise, the visit to a fertility clinic, treat-
ment for threatened abortion, etc. may well con-
stitute strong evidence in favour of a spontaneous
abortion.

Clearly, additional or different evidence may be
sought in some locations, so long as the principle is
borne in mind that every effort be made to ascertain
routinely all evidence leading to a definite separation
of the two groups. It is emphasized that when
uncertainty exists regarding which category of
abortion is involved, the category " other abor-
tions " should be used.

Classification ofabortus material

Guidelines for the study of abortus material are
detailed below; for the definition of what constitutes
a hydatidiform mole as opposed to a "partial mole "
and " transitional mole ", reference is made to the
detailed discussion and pictorial display by Hertig
& Mansell.' Briefly, in a typical hydatidiform mole
all of the placental villi show hydropic enlargement,
whether a foetus is present or not. In a "partial
mole ", this abnormality may affect only a portion of
the villous mass, the remainder being normal. A

1 Hertig, A. T. & Mansell, H. (1956) Atlas of tumor patho-
logy, Section IX, Fascicule 33: Tumors of the female sex
organs. Part I, Hydatidiform mole and choriocarcinoma,
Washington, D.C., Armed Forces Institute of Pathology
(see also: Hertig, A. T. & Edmonds, H. W. (1940) Arch.
Path., 30, 260-291).
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" transitional mole " is considered to be the uniform
enlargement of all villi, but without having reached
the grape-like size of molar vesicles and presenting
a much larger bulk of tissue than is found in the
common spontaneous abortion.
A " threatened abortion" does not lead to the

expulsion of abortus tissue analysable for the present
objectives. A " missed abortion " is considered an
abortus specimen expelled, surgically removed or
possibly retained and absorbed, long after the death
of the foetus. The latter may be an uncommon event
and is usually a clinical rather than pathological-
anatomical entity.

Studies of twin abortuses should include the
recording of sex, placental membrane relationship
(monoamnionic, diamnionic; monochorionic, dicho-
rionic) and whether vascular anastomoses are present
between the foetal circulations.

Since " ectopic pregnancies " rarely survive beyond
12 weeks, they are conveniently included among
abortion studies. An ectopic pregnancy is one in
which the blastocyst embeds outside the main cavity
of the uterus, usually in a fallopian tube, but
occasionally in the ovary or within the peritoneal
cavity. In view of asymmetry in many published
series, the side should be given.
The all-inclusive term " blighted ovum " is not

recommended for use in future studies. Rather, the
adoption of the following classification is recom-
mended; it encompasses the specimens formerly
classified as blighted ovum.
For the purposes of simplicity and perhaps for

future use in comparing larger international series, it
is suggested that grouping of collected abortus
material follow the nomenclature of the Inter-
national Classification of Diseases 1 so far as
possible. Principally, this would make use of the
three-digit categories 631 (ectopic pregnancy) 634.2
(hydatidiform mole) and 640-645 (abortions, induced
and spontaneous). Further classification is necessary
for the present purposes and necessitates fifth and
sixth digits as specified below; this follows the
practical classification of abortion material proposed
by Fujikura et al.2 Recommendations for use of
fifth and sixth digits to follow 631 (ectopic preg-
nancy) and 640-645, and their already established
fourth-digit subcategories, are:

1 World Health Organization, Manual of the International
Statistical Classification of Diseases, Injuries, and Causes of
Death, eighth revision (in press).

' Fujikura, T., Froehlich, L. A. & Driscoll, S. G. (1966)
Amer. J. Obstet. Gynec. (in press).

-1 Incomplete specimen
.-2 Ruptured sac

21 with cord stump
.-22 without cord stump

.-3 Intact empty sac

.-4 Embryo or foetus present, with or without
chorionic sac
.-41 Normal embryo
.-42 Macerated embryo without evident

abnormality
.-43 Embryo with focal abnormality, not

macerated
.-44 Embryo with focal abnormality, ma-

cerated
.-45 Severely disorganized embryo, not ma-

cerated
.-46 Severely disorganized embryo, macera-

ted

For the category 631 (ectopic pregnancy) a seventh
digit may be used to specify side (left .---1,
right .---2, unknown .---O).
Recommendations for use of fifth digit in 634.2

(hydatidiform mole) are:

.-I Classical mole with or without embryo

.-2 Partial molar degeneration or transitional mole.

STANDARDIZATION OF PROCEDURES

Recommendations for future studies will be con-
sidered under (a) large-scale surveys and (b) studies
in depth, of perhaps a more limited number.

Certain considerations, however, apply to both
types of study.

General considerations for an abortion study
The following requirements should be kept in mind

when initiating a chromosomal study in cases of
abortion.
The value of cytogenetic studies on abortuses will

be greatly increased by, or even depend upon, an
interdisciplinary approach. Research workers under-
taking such studies should work in collaboration
with as many other laboratories as possible, dealing
in such fields as immunology, blood grouping,
pathology, bacteriology, virology, embryology, etc.
Particular care should be taken in selecting the
material and due consideration must be paid to
biasing factors. Specimens obtained from different
sources, such as hospitals as contrasted to private
physicians, are best kept in separate series and con-
sidered and reported independently.
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Great care must be taken in determining the type
of abortion being studied, and it is strongly recom-
mended that the categories and criteria outlined in
the section " Definitions and Nomenclature " above
be followed.
A wide variety of technical procedures is now in

use for the cytological study of abortion specimens
and no single method can be recommended as being
necessarily the best. However, reference to books
such as those edited by Yunis 1 and Moore 2 may
be helpful. The signatories wish to stress the im-
portance, however, of very careful preparation and
analysis of the material in order that comparable
data can be obtained. In this context, several
relevant points need emphasis: (a) the necessity to
ensure that the tissue for analysis is derived from
the foetal portion of the specimen, as opposed to the
decidua; (b) the recognition of the fact that cells are
extremely fragile following hypotonic treatment;
(c) the desirability of studying chromosomes in an
extended rather than an overcontracted state to
permit recognition of structural rearrangements;
(d) the finding that sex chromatin tends to become
difficult to recognize when cellular death and auto-
lysis commence. For studying chromosomes, it is
appreciated that several good means of critical
analyses of metaphases are practised. These include:
(a) direct microscopic analysis of the metaphase
plate with counting, whether or not freehand or
camera lucida drawings are prepared; (b) analysis
and counts from photomicrographs.

Analysis means the careful visual study, charac-
terization, recognition and matching of the chromo-
somes of the metaphase plate into pairs according to
the general criteria set out by the Denver 3 and
London ' conferences and using such morphological
traits of chromosome characterization and identifica-
tion as are generally available.
A further stage is karyotype construction from a

photograph of a metaphase plate and the cutting out
and arranging of the chromosomes in matching pairs
following the rules of the Denver and London con-
ferences.
There are also additional aids to analysis and

karyotype construction such as those deriving from

1 Yunis, J. J., ed. (1965) Human chromosome methodology,
New York, Academic Press.

' Moore, K. M., ed. (1966) The sex chromatin, Phila-
delphia, Saunders.

' Book, J. A. et al. (1960) Acta genet. (Basel), 10, 322
(also in Lancet, 1960, 1, 1063-1065).

'Barnicot, N. A. et al. (1963) Cytogenetics, 2, 264-268
(also in Amer. J. hum. Genet., 1964, 16, 156-158).

sex-chromatin studies (indirect identification of
X chromosomes) or from autoradiographic studies
(direct identification of chromosomes).

Minimal requirements for large-scale surveys

Such surveys will serve to assess the frequency of
chromosomal abnormalities among abortuses; they
may be useful for etiological studies, and may lead
to the discovery of important aberrations, e.g.,
autosomal monosomies. Large-scale surveys may be
less effective in detecting other chromosomal ab-
normalities, such as some types of mosaicism or
discrete structural chromosomal aberrations.

Anamnestic data. Certain personal and anamnestic
data on the father and mother are essential to all
cytogenetic studies of abortion. Since there is con-
siderable advantage in limiting as far as possible the
collection of these data to a number of items which
would fit on a single punch-card of the standard
80-column format, the following minimal list was
established.

Date of abortion
Place of abortion
Name of mother
Maiden name of mother (essential for most record-

linking techniques)
Date of birth of mother
Address of mother
Occupation of mother
Name and date of birth of father
Occupation of father
Ethnic group or nationality of:
Mother
Father

Date of start of last menstrual period
Number of previous pregnancies terminating in:

(1) livebirth
(2) stillbirth
(3) spontaneous abortion
(4) induced abortion
(5) multiple births

Blood groups of mother
Exposure since last menstrual period to:

(1) ionizing radiation
(2) drugs, including oral contraceptives
(3) fever
(4) virus infection
(5) trauma

NoTE: It is appreciated that it is not usually possible to obtain
data on time of fertilization: however, in the minority of cases in
which intercourse or artificial insemination are reported to have
occurred only once since the last menstrual period, provided the data
are acquired before the abortus is studied, valuable information may
be obtained. Delayed fertilization after ovulation is known to pre-
dispose to triploidy and other anomalies in amphibia.
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It must be stressed that this list includes only
items of information considered essential to all
cytogenetic studies of abortion. Whenever possible,
further information should be collected on: con-
sanguinity; genetic, metabolic and mental disorders
in the mother's and father's families; father's and
mother's exposure to ionizing radiation or cytostatic
agents; father's blood groups and the father's and
mother's hereditary biochemical traits. The order of
priority given to the collection of these different
items will depend, of course, on the particular
orientation of the projected study and the facilities
of the collaborating laboratories.

Laboratory procedures. It is essential that a tho-
rough examination of the entire abortus be carried
out. The following outline represents a guide which
should be adhered to as far as possible although
it may not be applicable in every detail to every
specimen. Special and more detailed investigations
may be desirable for some purposes and in some
laboratories.

The procedures are listed in chronological sequence
and referred to separately.

(a) Classification ofspecimen. See " Classification
of abortus material" above.

(b) Photography. This should be of the entire
specimen, both foetus and placenta. A millimetre
ruler should be included as a standard reference.
Sterility must be ensured. In case of foetal ab-
normalities special photography of malformed areas
is necessary.

(c) Sampling of tissues for culture. It must be
borne in mind that in previous studies successful
cultures have been obtained from approximately
50% only of abortuses. Moreover, even in those
cases where a successful culture has been established,
not every tissue sample from the same abortus has
given rise to viable cultures. Sampling, therefore,
is important, particularly if success rates are to be
compared.

In general, if a well-preserved foetus is present, its
tissues may serve as the most desirable source. Since
in many cases of spontaneous abortion there is no
foetus present, and since these cases have shown the
highest incidence of chromosomal abnormalities,
placental structures must be sampled. The foetal
surface (amnion and/or chorion) is most suitable,
and adequate safeguards against contamination with
decidual tissues must be ensured. At times, no
foetal or placental tissue may be available for culture.

It is recommended that records be kept of the total
number of tissue samples, the total explanted for
culture and the total successful, to allow for adequate
comparison of frequencies. Moreover, as tissue
culture may be slow in some samples, tabular
presentation, giving age of culture in days (including
the day the primary culture is established and the
day on which chromosome preparations are made)
is urged.

(d) Measurements (to be given in mm, ml or g).
Weight of foetus and placenta, separately. Volume
of placental fluids. Crown-to-rump (CR) length;
crown-to-heel (CH) length; head diameter and cir-
cumference; foot length; length of umbilical cord.
(Measurement of all these dimensions is recommend-
ed to enable estimation of CR length of the foetuses
in whom only parts, e.g., foot, are available for
study.) A detailed classification which allows for
comparison of various parameters of embryonic
development and size with gestational age is avail-
able.'

(e) Inspection offoetus. Skin abnormalities (cysts,
defects, etc.). Anencephaly, exencephaly. Ear, ear
canal, auricular cysts; eyes, eyelids, coloboma,
cyclopia; nostrils, facial clefts, cleft palate, cervical
cysts, omphalocoele, external sexual organs, anal
opening, spina bifida; extremities (phocomelia,
polydactyly, etc.).

(f) Sampling of tissues for sex-chromatin study.
Whenever feasible, sex-chromatin studies should be
carried out on extra-embryonic and foetal tissues.
Whole-mounts of the amnion or non-villous

portion of the chorion have been found to be
particularly suitable. The technique for such prepa-
rations is given in Annex 3. Sex-chromatin frequency
is known to be high in the amnion of normal female
foetuses so the detection of X chromosome mosaics
is possible.

(g) Chromosome analysis and karyotyping. As
mentioned above, no specific technique for chromo-
some analysis will be recommended. However, a
general procedure is:

1. Suitable metaphase plates are selected at low
magnification (for example, at about lOOx total magnifi-
cation).

2. Every metaphase plate selected under low power
should be counted under high power (for example, at

1 Witschi, E. (1962) VII. Prenatal vertebrate development.
In: Altman, P. L. & Dittmer, D. S., ed., Growth, Washington,
D.C., Federation of American Societies for Experimental
Biology.
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about 1000 x total magnification or with an optical
system able to resolve at least 0.51L). It is thought im-
portant that this procedure be followed in order to
avoid biasing the selection of nuclei.

3. Suitable cells are selected for photomicrography
and karyotype analysis. Some investigators prefer to
study a larger number of metaphases by counting,
followed by the preparation of a few karyotypes. Others
prefer to make a detailed analysis under high magnifica-
tion of only a few metaphases. The selection and the
number of metaphases analysed are important
elements in assessing the bias against the detection
of possible mosaics introduced by a particular technique.
Clear statements of the methods employed are recom-
mended in presenting the data.
A fuller discussion of the probability of detecting

mosaicism is given in the following section.

Guidelines for studies in depth
The results of this type of study should be useful

in several ways. The correlation of cytogenetic
abnormalities with embryological development may
yield further insight into morphogenetic processes.
In addition, new cytogenetic data of great interest
may be obtained.

Laboratory procedures. The procedures used in
the first type of study (see above) are applicable here;
in addition the following recommendations may be
considered.

(a) Sampling oftissues. For tissue culture and sub-
sequent chromosome analysis, tissue samples should
be taken both from the foetus proper and from the
foetal portions of the placenta. However, these
must be grown separately, and, in reporting the
results, the tissue origin of metaphases should be
specified as precisely as possible.

In small embryos, dissection of specific areas may
be impracticable; in larger foetuses, however, it is
recommended that, when possible, tissues represent-
ing all germ layers and both right and left sides of
the embryo be obtained. Often, the umbilical cord
will yield adequate growth. As to the placenta, it is
deemed imperative that amnion and chorion be
grown in all cases possible and that the tissue
sampled have ample histological verification of its
foetal nature. It is recognized that the macroscopic
interpretation of aborted sacs, particularly if partial
or curetted, presents great difficulties which can be
overcome only by histological verification. In view
of the intensive intermingling of foetal with maternal
tissues in the villous portion of the placenta, special
care must be exercised when villous tissue is cultured
in order to exclude the possibility of the metaphases

analysed having a maternal derivation. Villi only
are not recommended as starting-material unless
their use is unavoidable.
The universal finding that about one half of the

planted tissue cultures from spontaneous abortuses
fails to grow is as yet il-understood. The success
and failure rates must be reported.

Potentialy most cells of the foetus can be prepared
for sex-chromatin analysis. In practice, it is generally
most convenient to use replicate preparations from
the cell cultures established for chromosome analysis.
This allows for correlation between sex-chromatin
and chromosome findings.

(b) Sex-chromatin frequency determinations. Sex-
chromatin frequency determinations should only be
made from preparations of high technical quality.
It must be kept in mind that in aborted tissues
autolytic and other degenerative changes have
sometimes set in. Criteria similar to those to which
reference was made above, and recommended in
Moore (op. cit.), should be closely followed in
order that constant and comparable values can be
obtained. These criteria can be applied to most
tissues.

In addition to recording the frequency of sex-
chromatin-positive nuclei, it may be desirable to pay
attention to sex-chromatin body size since deviations
from the normal size may be indicative of structural
aberrations of the X chromosome. Care must be
taken to differentiate sex-chromatin bodies from
other non-sex-specific heterochromatin (chromo-
centres).

It is suggested that at least 100 nuclei from each
tissue source be scored. Of course, when the findings
are anomalous, a larger number may be required.
It has proved helpful to present the results of counts
in the following manner:

0 1 2"a 2X b >2c sifClabe Othere Total

a Nuclei with two sex-chromatin bodies.
b Nuclei with a double-sized sex-chromatin body.
c Nuclei with more than two sex-chromatin-like bodies.
d Nuclei which cannot be placed in any of the other cate-

gories yet meet the minimal standards for inclusion among the
nuclei to be inspected.

e This category may include any special forms particular to
a specific preparation or study, and can be modified or extended
to suit particular needs. Specific descriptions should then be
made.

The preparations used for sex-chromatin deter-
minations may also be used for estimating nuclear
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size, which may be increased in triploidy or tetra-
ploidy.

Insufficient evidence is currently available to allow
the conclusion that metaphase preparations made
from secondary growths (i.e., after transfer from the
primary culture) are less adequate or introduce a
bias against mosaicism. It is recommended, how-
ever, that some preparations be made from the
primary growth phase in all cases and additional
cultures be continued. If, for one reason or another,
tissue culture growth is slow and adequate prepara-
tions cannot be made before perhaps three weeks
after planting, then this fact should be noted also
in reporting the data.

(c) Chronmsome analysis and karyotyping. The
general principles involved in analysing cells have
been discussed above under the heading " Laboratory
procedures ". For studies of the kind envisaged here,
it is advised that a minimum of 50 metaphase plates
be counted, of which at least 10 modal cells should
be analysed or preferably karyotyped and all or a
majority of the non-modal cells should be likewise
analysed or karyotyped.

Since the standard of assessment is dependent
primarily on the quality of the chromosome pre-
parations, rather than their quantity, the minimal
criteria outlined may not be completely applicable.

Alternative basic recommendations may take
either of two forms. Firstly, the analysis of m con-
secutive cells and the study of at least 2m further
cells if any anomaly is found, and the analysis of
further cells if this group shows a- second cell with a
similar anomaly.

Secondly, counting n cells, recording the counts,
and analysing a small proportion of these may be
undertaken.
The former procedure is more suitable for picking

up small structural anomalies, the latter for picking
up numerical mosaics. In view of the limited informa-
tion on the frequency of mosaicism in extensively
investigated foetuses, it is difficult to offer advice
on a basic minimal standard.

Laboratories primarily interested in detecting
non-mosaic conditions might prefer the former
method, and a value of m of at least 10 is recom-
mended. The chance of missing a mosaic with a
minority proportion of p cells is approximately
(1-p)m. When p = 0.1 and m = 10, this comes to
0.910 or about 1 in 3. Mosaicism has been detected
in only about 3% of the published cases with a
chromosomal abnormality, but some cases have
doubtless been missed.

Techniques which start with counting may require
larger numbers of cells. It is recommended that the
number of cells counted be at least 50 (i.e., n = 50).
Where several tissues are set up, the best policy is

to aim to analyse or count equal numbers from each.
A chromosomally aberrant cell line should not be

considered as being demonstrated unless at least
five consistent analyses are obtained. This minimal
requirement cannot be applied in many instances,
as when a chromosome of the C group is missing
or in the case of minor structural chromosome re-
arrangement.

It is strongly recommended that full chromosome
count data, not abbreviated counts, should be
included in tabular form in reports. Such tables
should also include all aneuploid and polyploid
counts. In appropriate studies these tables may
further contain the frequency of chromosome break-
ages and the occurrence of aberrations such as
dicentrics. For the latter purpose some standar-
dized system of recording should be followed. A
record of the frequency of endoreduplications and
satellite associations may be useful supplementary
information in some cases.

Often, when numerical or structural chromosome
abnormalities are suspected, more extensive series of
counts and karyotypes will become essential. In the
case of mosaicism, for instance, it may be helpful to
apply the above criteria to each suspected cell line.

It is emphasized that when individual cases do not
meet these minimal requirements, they should still be
included in a report, but clearly distinguished from
the cases which do meet the minimal requirements.

(d) Meiotic studies. Meiosis can be studied in the
gonads of female foetuses. Because of their great
potential value, such studies are encouraged, and it is
suggested that when very fresh material is available
foetal ovaries be appropriately processed immedi-
ately and stored for eventual studies.'

(e) Autoradiographic studies. Autoradiographic
studies of sex chromosomes and sex-chromatin are
highly recommended, particularly when abnormali-
ties of C and G group chromosomes are suspected.
However, in view of possible differences in replica-
tion patterns in cultures of some tissues of em-
bryonic origin, it will be necessary to carry out valida-
tion studies before assuming that the pattern of
replication for autosomal chromosomes derived from

1 Ohno, S., Klinger, H. P. & Atkin, N. B. (1962) Cyto-
genetics, 1, 42-51.



774 MEMORANDUM

studies on leucocyte cultures is applicable to cultures
from abortus material.

(f) Blood and tissue preservation for the determi-
nation of genetic markers. The distribution of
parental genetic markers in the abortus may provide
information on the origin of the haploid sets in
triploid and tetraploid embryos, on the origin of
single, or additional, chromosomes which carry
known markers, and on the localization of markers
in cases with anomalies in number or structure
or single chromosomes. For this reason, whenever
blood is available it should be obtained and either
blood-typed extensively, or preserved for blood-
typing later if the chromosomes show an anomaly.
The extraction of blood from embryos under 25 mm
in length is usually impossible. In larger embryos a
suspension of red cells may be obtained by placing
the embryo in a dish of normal saline and washing
out blood with a syringe containing saline.

Placental enzyme studies can reveal both enzymes
specific to the placenta and enzymes which can be
determined in parental blood. A small plug of
placenta may be removed with a cork borer and
stored at -2G0C for these purposes.

Short-term and long-term preservation of tissues and
cells

Since resources of individual laboratories are
frequently limited, both in facilities and in the per-
sonnel necessary for detailed study of all aspects of
the problems related to abortion, it is advisable to
preserve the material obtained from such cases for
future reference. Preservation of the material will be
for future embryological or histological investiga-
tions, for establishing fresh cultures to enable re-
examination of karyotypes, or for other in vitro
studies of karyotypically interesting cells. Removal
of life tissue for preservation must, of course,
precede fixation for embryological or histological
purposes.

It has been found practical and economical to
freeze samples of tissue from the abortus directly
after mincing at the time the primary cultures are
established 1 as well as to freeze cell strains from
established cultures. The latter are best frozen in
early passages when in an active phase of growth.
When an interesting abnormality has been estab-
lished in a particular abortus, such frozen specimens
may be stored for longer periods in the laboratory

1 Stenchever, M. A., Hempel, J. M. & MacIntyre, M. N.
(1965) Cryobiology, 1, 240-241.

of origin or may be transferred to a central repo-
sitory.
The preservation of foetal specimens to enable

future detailed embryological study should be in
accordance with competent local usage. A useful
procedure is to fix in 10% buffered formol at
pH 7.0. Embryos of less than 50 mm crown-to-
rump length may be fixed intact; larger embryos
should be fixed after the opening of major cavities.
The requirements for preserving material for

histological study will depend upon the special
interests of the investigator. Where special methods
of fixation are not indicated, the specimen should be
preserved in any good fixative for cytological study.
It is important that sections of both the umbilical
cord and representative areas of the placenta are
placed in fixatives for future histological study.
Before this is done, however, a record should be made
of the insertion of the umbilical cord (e.g., central,
eccentric, marginal, velamentous) and the presence
or absence of infarcts, haemorrhages, intervillous
thrombi, etc.

REPORTING OF DATA

It is impossible for all the data recorded in the
study and analysis of a series of abortions to be
included in any published report. It is suggested
that the following information be reported for each
case in any series of abortions: case number; date of
beginning of last menstrual period; date of abortion;
number of previous pregnancies terminating in
(1) livebirth, (2) stillbirth, (3) spontaneous abortion
or (4) induced abortion; number of twin pregnancies;
maternal age and paternal age, preferably shown by
dates of birth; ethnic group or nationality of each
parent; blood groups of mother; tissue source of
chromosomes studied; number of cells counted
(count distribution should perhaps be included in a
system emphasizing counts); karyotype; number of
cells analysed for each karyotype and number with
inconsistent karyotypes; and description of the
abortus, preferably using the classification given
above on pages 768-769. The source (hospital, private
gynaecologist, etc.) and type of abortion (spontane-
ous, induced, etc.) must of course also be clearly
indicated. The above information is really the
minimum required for any valid comparisons be-
tween series. Special investigations will obviously
require the reporting of additional information.

In addition to the information reported for each
case, an attempt should be made to relate the cases
studied in an abortion series to the population at risk
from which the cases were drawn. It is realized that
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the collection of accurate information of this type is
often difficult, but it is suggested that, wherever
possible, data should be included on the mean
number of pregnancies, say, for each quinquennium
of maternal age, and also the proportion terminating
in induced abortion, spontaneous abortion, and birth.
The incidence of chromosomal abnormality in the
population at birth should also be given, if relevant
figures are available.

Since matemal age is known to be of importance
in liability to chromosomal disorders presenting both
in spontaneous abortions and at birth, data should

be given allowing for the eventual calculation of
liability to each type of defect by matemal age.
Paternal age is more difficult to study owing to its high
correlation with maternal age. A simple procedure
that would allow the comparison and integration of
such data would be to give for each abortion the
matemal age (MA), the paternal age (PA), the
matemal age less the mean matemal age (MA) in
the population, and, the patemal age less the ma-
ternal age and also less the difference between the
mean paternal and maternal ages (PA-MA) in the
population.

Excample:
Case Chromosomes Maternal (MA-MA) Paternal (PA-MA)-(PA-MA)No. age (MA) age) (PPMA)PAM

1 69XXX 26.0 1.5 28.0 -2.5

If the mean maternal age is 24.5 years and the mean paternal age is 29.0 then:
Maternal age - mean maternal age = 26 - 24.5 = 1.5.
Paternal age - maternal age - (mean paternal age - mean maternal
age) = 28 - 26 - (29 - 24.5) = - 2.5.

RECOMMENDATIONS FOR FUTURE STUDIES

There are a number of populations in which
cytogenetic studies of abortion material would be
of particular interest:

1. Women (e.g., wives of servicemen, aircrew,
seamen, etc.) in whom marital separation is frequent
and well-documented and from whom, therefore,
it is possible to obtain accurate data on time of
fertilization. Another group of particular interest
in this context are women who abort after artificial
insemination.

2. Women who have used certain contraceptive
procedures, e.g., oral contraceptives.

3. Groups in which men and women have been

RtS

Dans une proportion importante des cas, la grossesse
se termine par un avortement spontane. Si les estimations
concernant la fr6quence de cette issue varient, en raison
notamment des difficult6s que pr6sente l'observation des
avortements tres pr6coc's, la plupart des specialistes
admettent cependant un taux de 20% au moins. Les fac-
teurs etiologiques en cause sont en grande partie inconnus.
Au cours des derni6res ann6es, on a constate chez des
enfants nes vivants, mais presentant certaines anomalies,
des modifications de la structure des chromosomes. Ce

exposed to known doses of ionizing radiation.
Suitable populations might be those connected with
nuclear power stations, institutions employing
radiation or radioactive materials, mining of radio-
active minerals, and areas of high natural back-
ground radiation.

It is urged also that, where abortion is carried
out because a chromosomal aberration is expected,
every effort be made to have either the patient or
the abortus referred to a centre competent to under-
take both chromosomal and pathological studies.

Finally, it is suggested that studies on abortion
material in cows or other domestic animals, both
normally and artificially inseminated, might be
particularly valuable.

sUMIt

fait a conduit 'a entreprendre une etude similaire des
produits de l'avortement. Les resultats obtenus jusqu'a
present sont interessants, mais assez deroutants. Selon
les enquetes, la frequence des lesions chromosomiques
dans les tissus preleves chez les avortons a et6 tant6t
tres elevee, tant6t faible. II importe de v6rifier si ces
differences sont r6elles ou si elles ne sont qu'apparentes
et resultent par exemple de variations dans les m6thodes
d'echantillonnage et d'examen.
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Ces considerations ont amen6 l'Organisation mondiale
de la Sante a reunir en fWvrier 1966 un groupe de spe-
cialistes charges de faire le point des connaissances
actuelles sur cette question et de formuler des normes pour
l'organisation des recherches. Le present memoire resume
les conclusions auxquelles sont parvenus les signataires
au terme des discussions.
Le r6le des anomalies chromosomiques en tant que

facteur etiologique de nombreux avortements est impor-
tant. Dans 450 avortements provoques, la frequence de
ces anomalies etait de 2%; elle atteignait 19% dans
800 avortements spontanes. Etablir des criteres pour
distinguer l'avortement spontane de l'avortement provo-
que n'est pas aise. Une enquete menee aupres du sujet et
de son entourage peutcependant foumirdes renseignements
precieux. Quant a la classification des produits expulses
au cours de l'avortement, elle devrait etre plus precise et
le groupe propose certains termes destines a compl6ter
les rubriques figurant a la Classification internationale
des maladies, traumatismes et causes de deces. Certaines
regles devraient etre observees lors des 6tudes portant sur
des echantillons importants de population aussi bien
qu'au cours des investigations plus limit6es mais plus
fouillees. II importe de recueillir des donnees anamnes-
tiques aussi precises que possible. Les methodes de
laboratoire, decrites, comportent: examen de la totalite

du mat6riel expulse, photographie du produit, pr6l6ve-
ment d'echantillons de tissus foetaux et placentaires, men-
surations diverses, recherche des anomalies fcetales,
analyse de la structure des chromosomes et etablissement
du caryotype. A l'occasion des recherches plus minu-
tieuses, des r6sultats interessants pourront etre obtenus
par l'6tude de la meiose et 1'emploi des techniques
d'autoradiographie, particulierement indique pour la
detection de certaines anomalies chromosomiques. Cer-
tains procedes sont en outre recommandes pour la
conservation a court et 'a long terme du materiel a
etudier.

Les signataires formulent ensuite des recommandations
au sujet de la presentation des donn6es. Ils montrent
l'interet que presente l'etude de groupes de population
chez lesquels l'absorption de m6dicaments contraceptifs
ou l'exposition aux rayonnements ionisants ainsi qu'a
d'autres facteurs de milieu pourraient provoquer des
1lsions chez le ftetus. L'experimentation chez l'animal
s'avererait egalement tr6s utile.
Le memoire decrit en annexe quelques methodes de

preparation du mat6riel ai examiner. D'autre part des
tableaux resument les r6sultats deja acquis par 1'etude
de la constitution chromosomique au cours des avorte-
ments: donnees sur les caryotypes, frequence des anoma-
lies chromosomiques, rapport des sexes.
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TABLE 2
TYPES AND RELATIVE FREQUENCIES OF CHROMOSOMAL ABNORMALITIES IN SPONTANEOUS ABORTUSES

SHOWN IN TABLE I

Type

Monosomy
or XO

Trisomy

No. Freq.

32

63

Triploidy 26
Tetraploidy 8
Mosaicism 12
Transloca-
tion 3

Other 9

Total 153

0.21

0.41

0.17
0.05
0.08

0.02
0.06

1.00

Group

C

A

B

C

D

E

F

G

No.

32

7

2

4

9

21

19

Freq.

0.21

0.05

0.01

0.02

0.06

0.14

0.01

0.12

some No. Freq.

xO

non-X

2
3

xxx

non-X

16
17-18

30?
2?

3
2

2

8
4

0.20 ?
0.01 ?

0.02
0.01

0.01
0.01

0.05
0.03

TABLE 3

FREQUENCY BY TRIMESTER
OF CHROMOSOMAL ABNORMALITIES

IN SPONTANEOUS ABORTUSES SHOWN IN TABLE 1

TABLE 4
FREQUENCY BY TYPE OF CONCEPTUS
OF CHROMOSOMAL ABNORMALITY

IN SPONTANEOUS ABORTUSES SHOWN IN TABLE 1

I Specimen Total Karyotypic abnormality
Abnormal karyotype TotalS No. No. Freq.

Trimester number

No. Freq. Abnormal embryo 10 8 0.80
Blighted ovum a 72 42 0.58

Normal foetus b 88 6 0.07
First 79 0.29 273 Unspecified 618 97 0.16

Second 18 0.11 168

Unspecified 55 0.16 347 Total 788 153 0.19

"Incu"es tcae Wlitn emTpty IFntact sac; ana cases Witnl
abnormal embryo. This term is not used in the newer classifica-
tion recommended in this memorandum.

b In most cases, this diagnosis is based on a relatively super-
ficial examination.

Total 153 0.19 788
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TABLE 5
SEX RATIOza IN SPONTANEOUS AND INDUCED ABORTUSES

Spontaneous abortuses
Induced abortuses

Author b Normal karyotype Trisomic karyotype

XY XX Sex ratio XY XX Sex ratio XY XX Sex ratio

1 5 4 1 5 11 4

2 11 7 5 9 22 15

3 4 4 6 3

5 5 3 0 0 2 4

6 3 3 1 1

7 71 85 84 6 16

8 10 17 3 3 7 7

9 2 4 1 0 123 152 81

11 9 10 0 0 2 4

12 5 2 0 0 8 5

13 12 13 0 0

17 9 18 0 0

18 1 3 0 0 0 1

19 5 10 0 0 19 18

20 18 11 0 0

Total | 171 [ 194 88 - 23 - 37 - 62 194 210 | 92

a Used here as the number of XY per 100 XX diploid abortuses.
b The numbering system is that used in Table 1.

TABLE 6
SEX RATIO BY KARYOTYPE AND TRIMESTER IN SPONTANEOUS ABORTUSES SHOWN IN TABLE 5

Normal karyotype Abnormal karyotype X (XO + Total XY)
Trimester j Y X TXotal XX x 100

XY XX Sex ratio XY XX Sex ratio

First 24 28 86 12 26 46 17 53154 = 98

Second 16 11 146 3 1 - 2 21/12 = 175

Unspecified 131 155 85 8 10 80 5 144/165 = 87

Total 171 194 [ 88 23 37 62 24 218/231 = 94

9
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TABLE 7
KARYOTYPE IN SPONTANEOUS ABORTUSES (FROM TABLE 1) IN RELATION TO MATERNAL AGE,

PARITY AND FREQUENCY OF PREVIOUS ABORTUSES

Karyotype of abortus studied

Normal | XO Trisomy Triploidy

Maternal age (Carr's data) 27.1 : 0.52 years 25.9 years 31.3 + 1.88 years 28.0 years

Total number of previous pregnancies - 32 112 30

Total number of previous abortions - 3 28 8

Mean number of previous pregnancies - 1.8 2.9 2.0

Mean number of livebirths _ 1.6 2.2 1.8

Frequency of previous abortions 0.09 0.25 0.27

TABLE 8
SPONTANEOUS ABORTUSES
TO NUMBER OF PREVIOUS

(FROM TABLE 1) IN RELATION
ABORTIONS

Number of Number of cases with each karyotype
previous abortions Normal XO Trisomy Triploidy

0 6 15 17 8

1 1 3 15 6

2 1 0 5 1

3 0 0 1 0

Unspecified 636 14 25 11

TABLE 9
KARYOTYPES IN INDUCED ABORTUSES

Abnormal karyotype
Author Number karyotyped No. |r Fre

1 318 5

2 41 1

3 37 0

4 15 0

5 15 1

6 13 0

7 7 1

8 6 0

9 6 1

Total 458 9 ] 0.020

1. Makino, S. & Sasaki, M. (1961) Amer. J. hum. Genet., 13,47; Makino, S. et al. (1962) Chromosoma
(Berl.), 13, 148; Makino, S. et al. (1963) Proc. Japan Acad., 39, 54; and Sasaki, M., unpublished data,
1966. 2. Klinger, H. P., Kava, H. W. & Weiss, J., unpublished data, 1966. 3. Thiede, H. A. &
Saim, S. B. (1964) Amer. J. Obstet. Gynec., 90, 205; and Thiede, H. A., unpublished data, 1966.
4. Szulman, A. E. (1965) New Engl. J.Med., 272, 811. 5. Kerr, M. & Rashad, M. N. (1966) Amer. J.
Obstet. Gynec., 94, 322. 6. Valenti, C., unpublished data, 1966. 7. Boue, J. G., unpublished
data, 1966. 8. Warburton, D. & Miller, 0. J., unpublished data, 1966. 9. Jacobson, C., un-
published data, 1966.

KARYOTYPE IN
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Annex 2

RESULTS OF SEX CHROMATIN AND CHROMOSOME STUDIES IN HYDATIDIFORM MOLES

Author __

1 2,3&4 T 2&3 4 Total

Number surveyed 54 26 6 3 2 91

Cultures started 16 Direct squash Direct squash Direct squash 2

Karyotyped:
Number 6 26 6 3 2 43
Frequency 0.38 1.00 1.00 1.00 1.00

Karyotype abnormal:
Number 1 0 0 3 0 4
Frequency 0.17 - - 1.00 - 0.10

Sex chromatin:
+ 49 -d _ 49

4 ----4

Chromosomes:
46 XX 4 23 5 _ 2 34
46XY I I - - - 2
46 ? 2 1 _ _ 3
69 XXX I heteropioid -_ - 1
69XXY - --3 -3

Number with embryo 3 _- - 3

Type of mole:
Complete hydatidiform 49 26 _ 2 77
Partial hydatidiform! 5 0 _ _ 0 5

Maternal age (45 subjects):
Mean (years) 28.3
Range (years) 16-52

Parity (30 subjects):
Full-term deliveries
Mean 1.1
Range 0-4

Premature deliveries 0
Abortions
Mean 0.1
Range 0-1

Livebirths
Mean 1.1
Range 0-4

Gestation (34 subjects):
Mean (days) 128.7
Range (days) 22-252

a 1. Klinger, H. P., Atkin, N. B. & Weiss, J.-in preparation. 2. Sasaki, M. et al. (1C62) Gann, 53, 101. 3. Makino, S. et al.
(1963) Proc. Japan Acad., 39, 54; Makino, S. et al. (1965) Okajimas Folia znat. JI-p., 40, 49. 4. IVs kino, S. el al. (11C4) Irrcel, 2, 1273.
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b Destructive hydatidiform moles.
c Transitional moles.
d Hydatidiform mole and normal placenta grown together. A1700-g malefoetuswasattached by its umbilical cord to the normal

part of the placenta. Mole part: sex-chromatin-positive; normal placenta and foetus: sex-chromatin-negative.
6 In association with a foetus which had a cleft palate and harelip, large umbilical hernia and several other anomalies. Chromo-

somes were not studied of female foetus but skin cells had a mixture of nuclei with single and double sex-chromatin-positive nuclei.
t Part of the tissue contains histologically normal chorion.


