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For ever and forever when I move.
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ABREVIATIONS

16a-DHEAS 16a-hydroxy-dehydroepiandrosterone sulphate

AFP Alphafetoprotein

BSA Bovine seum albumin

CI Confidence interval

cpm Counts per minute

cv Coefficient of variation

DHEAS Dehydroepiandrosterone sulphate
FrB3-hCaG Free 8 subunit of human chorionic gonadotrophin
9 Grams

hCG Human chorionic gonadotrophin
IU International units

IRMA Immunoradiometric assay

IEP Immunoelectrophoreis

IRP International reference preparation
K-8 Kolmogorov-Smirnov test

KU Kilo units

1 Litre

mg Milligrams

ml Millilitre

amol Nanomole

MOM Multiple of the median

mIU Milli-international unit

n Number

nmo1l Nanomole

p Probability

PBS Phosphate buffered saline

r Correlation coefficient
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RIA Radioimmuncassay

sD Standard deviation

SP1 Pregnancy-specific B~1 glycoprotein
UE3 Unconjugated estriol

v/v Volume to volume

W/V Weight to volume

X Mean

Ug Microgram

ul Microlitre
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SUMMARY

The aim of this project was to explore ways of using biochemical
screening to improve the prenatal detection rate for Down’s
syndrome and other chromosome abnormalities over that being
achieved using maternal age alone. It is well established that the
risk of a pregnancy being affected by Down’s syndrome or one of
the other autosomal trisomies increases with advancing maternal
age, and since the early 1970s this has been the criterion used to
select women for diagnostic fetal chromosome analysis. However,
the majority of affected pregnancies (70%) are born to women under
35 years of age and the uptake of diaghostic testing amongst women
aged 35 years and over has been relatively low (<40%) leading to
only around 12% of the affected pregnancies being detected in

practice.

The first phase of this study was a retrospective analysis of
maternal serum alphafetoprotein (AFP) results from the west of
Scotland prenatal screening programme for neural tube defects.
This was carried out on 142 pregnancies with autosomal trisomy
(114 Down’s syndrome, 19 trisomy 18 and 9 trisomy 13) and 113,000
unaffected pregnancies screened at 16-20 weeks gestation between
April 1982 and May 1987. Maternal serum AFP levels in the affected
pregnancies were significantly reduced (p<0.001) to 0.72 multiples
of the median (MOM) of the unaffected pregnancies. Risks
(1ikelihood ratios) were derived from the overlapping log Gaussian
distributions of the abnormal and unaffected pregnancies and
combined with maternal age risks to give the overall odds of an

affected pregnancy. Using a mid-trimester threshold risk of 1:280,
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which approximates to the maternal age risk at age 35, an overall
detection rate of 37% was predicted for a false positive rate of

6.6%.

Using data from the above study, the west of Scotland AFP
screening programme for neural tube defects was adapted in 1987 to
include reporting of the risk of an autosomal trisomy in
individual pregnancies. Analysis of this routine screening in over
100,000 pregnancies has shown an improved detection of autosomal
trisomies (43%) at a false positive rate of 6.1%. The uptake of
diagnostic testing amongst the high risk group of women was
relatively low (42%) especially amongst the women under 35 vyears
(32%). However, the uptake of diagnostic testing in the women over
35 years assigned to the high risk group increased to 56% compared
with that from maternal age alone of less than 40%. Overail, the
prenatal diagnosis rate for autosomal trisomies was 25% 1in the

screened population.

Although screening based on a combination of AFP Jevels and
maternal age is more effective than that achievable with maternal
age alone, around 60% of affected pregnancies are still not
detected, mainly in women under 35 years. Greater sensitivity is
potentially possiblie using additional information obtainable from

the analysis of other pregnancy markers in maternal serum.

The second phase of this study was the retrospective analysis of
four other pregnancy markers, human chorionic gonadotrophin (hCG),
unconjugated estriol (UE3), pregnancy specific Bi1-glycoprotein

(SP1) and the free B subunit of hCG (FrB-hCG), by immunoassay, in
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stored maternal serum samples from different types of
chromosomally abnormal pregnancies. The objective was to define
the level of variation associated with these analytes, to find the
best combination of markers for routine clinical use, and to
compare different approaches for combining risks from these

markers.

Sixty-five thousand serum samples, collected prospectively in the
west of Scotland between January 1987 and March 1989 at 15-20
weeks gestation for routine AFP estimation provided the source
material for this study. After AFP estimation the samples were
stored at -20°C until the outcome of the pregnancy was known.
Subsequently 78 chromosomally abnormal pregnancies were identified
for which stored serum was available. The abnormal cases consisted
of 49 Down’s syndrome, four trisomy 18, four trisomy 13, eight
unbalanced translocations, four balanced translocations and nihe
sex chromosome abnormalities. Five control sera were selected for
each case, matched for maternal age, gestation and time in frozen
storage. Additional cases of Down’s syndrome and trisomy 18 were

added as they became available.

Intact molecule hCG 1levels were found to be significantly
increased (p<0.001) in Down’s syndrome pregnancies, with a median
value of 2.18 MOM of the unaffected pregnancies, and significantly
reduced in trisomy 18 pregnancies (0.21 MOM, p<0.001). UE3 levels
were found to be significantly decreased with a median of 0.79 MOM
of the controls 1in Downh’s syndrome (p<0.02) and 0.38 MOM in
trisomy 18 (p<0.01). SP1 levels were significantly increased

(p<0.01) 1in Down’s syndrome, with a median value of 1.17 MOM of
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the controls, unchanged in trisomy 18 and significantly reduced in
unbalanced translocations (0.52 MOM, p<0.01). Free B subunit hCG
levels were significantly increased in Down’s syndrome with a
median of 2.30 MOM of the controls (p<0.001) and reduced in

trisomy 18 (0.23 MOM, p<0.01).

From the data derived from this retrospective study, the most
effective combination of analytes for screening for Down’s
syndrome was found to be AFP and hCG, combined with maternal age.
This combination gave a predicted 57% detection rate for Down’s
syndrome at a 5% false positive rate. UE3 was found to be TJess
useful due to the high level of correlation found between it and
AFP and using UE3 in addition to AFP and hCG reduced the predicted
detection rate for Down’s syndrome to 53% at a 5% false positive
rate. SP1 levels in Down’s pregnancies showed only a small shift
in mean value from that of the controls and did not improve the
detection rate for Down’s syndrome when added to the AFP/hCG/age
combination. Median FrB-hCG 1levels 1in Down’s syndrome were
slightly higher than intact hCG levels, but replacing hCG with
Fre-hCG reduced the predicted detection rate for Down’s syndrome
to 51% at a 5% false positive rate, due to the increased spread of
values in the distributions of FrB-hCG, with this assay

method, in unaffected and Down’s syndrome pregnhancies.

The third phase of this study was a test of the performance of the
hCG/AFP/age combination in clinical practice. A prospective trial
was carried out between July 1989 and June 1990, assaying hCG 1in
addition to AFP in all serum samples routinely received from three

Glasgow maternity hospitals. The hCG results for each pregnancy
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were stored on a database and only analysed after delivery. A
total of 7,830 pregnancies was tested and, using a threshold risk
of 1:220, 53% of the Down’s pregnancies were assigned to tHe high
risk group and 6.2% of all pregnancies <classified as ‘screen
positive’. This confirmed that enhanced detection of Down’s
syndrome pregnancies could be achieved in routine practice using
hCG and AFP in combination with maternal age. AFP and hCG Tlevels
were shown to vary with maternal weight, with 1ighter women having
increased levels and reduced levels being found in heavier women.
Cases of threatened abortion, which are known in some cases to
have elevated AFP levels, had unchanged levels of hCG. Levels of
AFP in 81 twin pregnancies were approximately double those found
in singleton pregnancies, with a median AFP level of 1.91 MOM and
a median hCG level of 1.85 MOM. In 56 pregnancies affected by
insulin dependent diabetes, the median value of both AFP and hCG

was slightly reduced, at 0.94 MOM and 0.90 MOM respectively.

On the basis of this study hCG estimation was introduced in the
west of Scotland prenatal screening programme in September 1991.
Analysis of the first 30,084 pregnancies screened has shown that,
using a threshold risk of 1:220, 1,523 women (5.1%) have been
classified as ‘screen-positive’ and 26 Down’s syndrome pregnancies
identified in this high risk group. There were 37 Down’s syndrome
pregnancies in the whole screened population, giving a detection
rate of 70%. The uptake of diagnostic testing by women in the high
risk group has also increased, with 70% of women, regardless of
age, opting for testing. Overall 21 of the 37 Down’s syndrome
pregnancies (56%) were prenatally diagnosed. In addition 2 out of

7 (29%) trisomy 18 pregnancies were identified in a second high
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risk group of 87 women (0.3%) defined on the basis of low hCG.

Introduction of biochemical screening has lead to a fourfold
improvement in the prenatal diagnosis rate for Down’s syndrome in
the whole west of Scotland pregnant population from 13% in 1986 to
48% 1in the vyear September 1991 - September 1992. Prenatal
screening for chromosome abnormalities by biochemical methods in
the second trimester is therefore more effective in practice than
using maternal age alone as the criterion for selecting women for

diagnostic testing.
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SECTION 1

INTRODUCTION
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1.1 PRENATAL SCREENING

Prenatal screening 1is a way of selecting from the pregnant
population a group of women who are at the highest risk of having
a child with a particular abnormality. A positive screening result
does not indicate with certainty the presence of an abnormality,
but classifies an expectant mother as having a risk of an abnormal
fetus high enough to justify the use of diagnostic procedures to
definitely confirm or exciude the presence of an abnormality.
Negative screening results reduce, but do not exclude, the risk of

an abnhormatity.

Various parameters define the effectiveness of a screening test
(Cuckle and Wald, 1984, Connor, 1989). These are sensitivity,
specificity, positive predictive value and negative predictive
value. The sensitivity, or detection rate, is the correctly
predicted proportion of the actual total who are affected. The
specificity 1is the correctly predicted proportion of the actual
total who are unaffected (The false positive rate is 1 -
specificity). The positive predicted value is the proportion with
a positive test result who are affected and the negative predicted
value is the proportion with a negative test result who are

unaffected.

For screening to be appropriate it must be for a clearly defined
disorder of known prevalence. The screening test must be easily
and reliably carried out on a sample that can be obtained without
risk to the patient, such as maternal venous blood. There must be

an advantage to early diaghosis and the test must have good

._32..



sensitivity and specificity. Screening should be both cost and
benefit effective, both in a financial sense and also in relation
to the benefits and disadvantages for the patients being offered
screening. The performance of the screening test should be

monitored by follow-up studies to see that it is effective.

Public opinion in both the UK and the USA would appear to favour
screening during pregnancy (King’s Fund Forum Consensus Statement,
1987, Faden et al., 1987). The King’s Fund Forum concluded that
screening should be seen as a means of acquiring information that
increases the scope of choice by the participants. However
screening 1is only one possible approach to reducing disability.
Primary prevention of environmentally determined conditions and
improving the facilities and attitudes of society to physically
and mentally impaired people must be part of a comprehensive
approach. Participation in a screening programme should be an
informed and considered decision and a woman’s access to screening
or diagnostic testing should be independent of any decision she

may make about the continuation of the pregnancy.

1.1.1 SCREENING FOR NEURAL TUBE DEFECTS

The best example of a screening programme for fetal abnormality is
the measurement of maternal serum alphafetoprotein (AFP) for the
detection of neural tube defects. By 1974 it had been demonstrated
that pregnancies affected by an open neural tube defect had
elevated levels of maternal serum AFP (Brock et al., 1973, Leek et

al., 1973, Brock et al., 1974, Wald et al., 1974). The UK
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Collaborative Study on Alphafetoprotein in Relation to Neural Tube
Defects (1977) determined that 84% of pregnhancies where the fetus
had an open neural tube defect were associated with maternal serum
AFP levels 22.5 multiples of the median (MOM), and that 3% of
unaffected pregnancies also had AFP levels =>2.5 MOM. Maternal
venous blood samples should be collected between 16-20 weeks
gestation, the AFP level measured and the 3% of women with the
highest AFP results selected for diagnostic testing, either
amniocentesis to measure amniotic fluid AFP levels and test for
specific acetyl cholinesterase (Brock, 1983), or detailed

ultrasonography (Morrow et al., 1991).

Maternal serum alphafetoprotein (AFP) screening 1in the second
trimester of pregnancy has contributed to a substantial decline in
the birth incidence of neural tube defects in the west of
Scotland, since it was introduced in 1976 (Ferguson-Smith, 1983)

and in other parts of the UK (Cuckle and Wald, 1987).

1.2 CHROMOSOME ABNORMALITIES

The report by Hook and Hamerton (1977), who combined data from six
published studies from a total of 56,952 babies, showed that
chromosome abnormalities occur in newborns at a rate of 6/1000. of
these 2/1000 are sex chromosome abnormalities, 2/1000 are balanced
chromosome rearrangements and the other 2/1000 involve unbalanced
rearrangements of the autosomes. Of these unbalanced
rearrangements, 1.4/1000 have excess chromosome material in the

form of an additional autosome (autosomal trisomies) and the
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remaining 0.6/1000 are unbalanced structural rearrangements of the

autosomes.

The most common autosomal abnormality is Down’s syndrome (trisomy
21) which has a birth frequency of 1:800 (Hook and Hamerton,
1977). The other autosomal trisomies which are relatively common
are Edwards’ syndrome (trisomy 18) which has a birth frequency of
1:8000 (Hook and Hamerton, 1977) and Patau’s syndrome (trisomy 13)

which has a birth freguency of 1:20000 (Hook and Hamerton, 1977).

Of the autosomal trisomies, Down’s syndrome is the most important
both from the prenatal diagnosis point of view and also with
regard to the health care and social needs of affected
individuals. This 1is due to the greater frequency of Down’s
syndrome births and the increased 1ife expectancy of Down’s
syndrome patients, which now has a median of 56 years (Dupont et
al., 1986). The median survival time for trisomy 18 and trisomy 13
in an unselected population has been shown to be 6.0 days and 2.5
days respectively (Goldstein and Nielsen, 1988). However around
20% of affected individuals survive longer than one month, and
since the majority are hospitalised for most of their survival
period, these other autosomal trisomies should also be considered

during prenatal screening and diagnosis.

It has been demonstrated by Hook (1978), 1in a study of 101
pregnancies in which a fetal chromosome abnormality was identified
prenatally by amniocentesis but elective abortion did not occur,
that the rate of spontaneous fetal death is six fold higher in

pregnancies with a chromosome abnormality than in those with a
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normal karyotype. The rates of chrcomosome abnormalities found if
prenatal diagnosis is carried out at mid-trimester will therefore
be higher than those seen at birth. Cuckle et al. (1987) have
estimated that the risks of a Down’s syndrome fetus are 25% higher
at mid-trimester than at birth. This was done by comparing the
age-specific risk of Down’s syndrome in the second trimester of
pregnancy, derived from the European collaborative study of 52,965
amniocenteses in women aged 35-44 (Ferguson-Smith and Yates, 1984)

with the corresponding age~specific risk at birth.

Hook et al. (1988), 1in a study of 4,481 choriconic villus samples
(CcvS), estimated that 21% of Down’s syndrome pregnancies diagnosed
at CVS at around 10 weeks gestation would be lost before the time
when amniocentesis would be carried out at around 16 weeks
gestation 1i.e. that the rate of Down’s syndrome at 10 weeks is
approximately 25% higher than at 16 weeks. Thus only around 63%
of Down’s syndrome fetuses present at 10 weeks gestation will

therefore survive to term.

1.3 MATERNAL AGE RISKS

1.3.1 DOWN’S SYNDROME

The 1ink between advancing maternal age and increasing risk of
having a Down’s syndrome child was first demonstrated by Penrose
in 1933, who also showed that paternal age was an insignificant
factor. With the development of chromosome banding techniques it

was estimated by Juberg and Mowrey (1983), 1in a review of 30
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previously published studies, that maternal origin accounted for
80% and paternal origin 20% of cases. However more recent
investigations, using DNA polymorphisms, have shown that in only
about 5% of cases was the extra chromosome 21 of paternal origin
(Sherman et al., 1991, Antonarakis et al., 1991). This much Tower
rate of extra chromosomes of paternal origin provides further
evidence that paternal age has little or no effect on the rate of

Down’s syndrome.

There have been eight large published surveys of Down’s syndrome
in Tlive births which specify the risk for single age years (Hook
and Chalmers, 1977, Hook and Fabia, 1978, Hook and Lindsjo, 1978,
Trimble and Baird, 1978, Sutherland et al., 1979, Young et al.,
1980, Koulischer and Gillerot, 1980, Huether et al., 1981). Hook
and Chalmers (1977) ascertained 933 Down’s syndrome cases from
1,729,909 1live births from birth certificates between 1963 and
1974 in New York State. To allow for under-ascertainment the
observed number of cases was multiplied by 2.66 to estimate the
true age-specific risk. This factor was derived from a sub-set of
301 cases of Down’s syndrome identified from cytogenetic records.
113 of these had Down’s syndrome mentioned on the birth

certificate.

Hook and Fabia (1978) identified 1,250 Down’s syndrome cases in
832,531 live births in the white population between 1958 and 1965
in Massachusetts. The cases of Down’s syndrome were ascertained
from surveys of hospitals and institutions and from cytogenetic
records. Unaffected maternal age data was only availabie in five

year intervals, and rates from individual maternal age years were
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estimated by comparison with the rates in New York.

A study in Sweden by Hook and Lindsjo (1979) analysed 438 Down’s
syndrome births in 330,859 live births between 1968 and 1970. The
Down’s syndrome cases were identified from a variety of community
sources and population demographic information on single-year

maternal live births was available.

Trimble and Baird (1978), using British Columbia data from 1961 to
1970, ascertained 519 Down’s syndrome births out of a total of
354,880 live births. The data were obtained by linking records of
children with Down’s syndrome at the British Columbia Health
Surveillance Registry (BCHSR) to the appropriate birth
registrations to derive maternal ages. The BCHSR uses humerous
sources of ascertainment and completeness of reporting of Down’s
syndrome cases is thought to be very high. 8ingle year maternal

age rates of Tive birth were available.

In a survey of Down’s syndrome in South Australia between 1960 and
1977 Sutherland et al. (1979) identified 447 Down’s syndrome
births., There were 375,488 live births during this period with
single-year maternal ages available. Ascertainment of Down’s

syndrome cases was from the records of public institutions.

Seventy cases of Down’s syndrome were identified in South Wales
between 1968 and 1976 by Young et al. (1980). Cases were
ascertained from the Cardiff Birth Survey and from cytogenetic
records. The number of live births during the study period was

46,048. Maternal age in the general population was recorded only

_38_



in five-year intervals and single-year rates were derived by

comparison with the Swedish study (Hook and Lindsjo, 1978).

The report by Koulischer and Gillerot (1980) concerns a group of
268 Down’s syndrome patients born in South Belgium between 1971
and 1978. The total number of live births during this time was
102,863. Down’s syndrome cases were identified by cytogenetic
examination of all newborns thought to be affected on examination
by an obstetrician and a paediatrician. A single-year age

distribution was available.

The study by Huether et al. (1981) was carried out on births in
the white population between 1970 and 1979 1in Ohio. It was
conducted in a similar way to that of Hook and Chalmers (1977) by
comparing data on Down’s syndrome with that available from
cytogenetics laboratories and using this information to estimate
the Tevel of under-reporting on birth certificates. Single-year
maternal age rates were available. 851 Down’s syndrome births were
identified from birth certificates and the true level of Down’s
syndrome was estimated to be 2.74 times this. There were 1,460,449
live births during this time. A regression equation for Down’s
syndrome risk was calculated using the model of Lamson and Hook
(1980) and the regression equation corrected for

under-ascertainment to derive risks for individual maternal ages.

Cuckle et al. (1987) compiled risks from these eight surveys of
Down’s syndrome in Tive births, and applied the
constant-plus-exponential (CPE) model proposed by Lamson and Hook

(1980) to derive a regression equation for maternal age risk. The
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equation is in the form

y = a+ exp (b + cx)
where y is the rate in live births, x is maternal age and a, b and
¢ are constants. Lamson and Hook (1980) proposed that this model
is consistent with a continuously accumulating biological process
resulting 1in Down’s syndrome, 1in which the rate of increase is
proportional to the level already reached, analogous to the type

of curve produced by an infectious process.

A weighted average of the separate risk estimates, on a log scale,
from each of these studies was produced. To reduce random error a
regression analysis was performed. The regression equation was
p = 0.000627 + e(-16.2395 + 0.286MA)

were MA 1is maternal age in years. The risk of having a Down’s
syndrome birth is

1:(1 - p)/p |(See Table 5-3)
Since these risks are derived from 4528 Down’s syndrome
pregnancies and over 5,000,000 live births they are the best

estimates of risk of a Down’s syndrome birth available.

A1l these data have been gathered in Caucasian populations.
Several studies have been carried out to investigate whether there
are any racial differences in Down’s syndrome rates 1in other
ethnic populations. The evidence for this is conflicting, with
different studies reporting different results. In the black
population the Down’s syndrome rate has been shown to be higher
(Hook and Harlap, 1979), unchanged (Marmol et al., 1969) and lower
(Stark and White, 1977) than in Caucasian populations. Similarly

conflicting evidence has been shown for Asian populations, with
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reports showing higher rates (Hook and Harlap, 1979), unchanged
rates (Verma and Singh, 1975) and lower rates (Rogers, 1986) when
compared with the white populaticn. In the Japanese population
Matsunaga (1967) found rates of Down’s syndrome in different
maternal age groups not significantly different from that found in
Caucasian populations. In the Chinese population rates of Down’s
syndrome lower than those in the Caucasian population have been
reported (Emanuel et al., 1972). 1In the light of any definite
evidence to the contrary a reasonable assumption at this stage is
that Down’s syndrome risks derived from the Caucasian population
can be applied to other ethnic groups. Further studies, carefully
controlled for maternal age, would be necessary to test whether
there is any difference in Down’s syndrome risks between different

ethnic groups.

1.3.2 OTHER AUTOSOMAL TRISOMIES

The risk of having a pregnancy associated with trisomy 18 or
trisomy 13 also increases with maternal age. In a review of the
literature Taylor (1968) found a mean maternal age at birth of
31.7 years in 153 cases of Edwards’ syndrome, and 31.6 years in 74
cases of Patau’s syndrome, compared with around 25 years in the
unaffected pregnancies. Hook et al. (1979) compared rates of
Down’s syndrome and trisomy 18 in single-year maternal ages in
livebirths 1in the same population and found similar rates of
change relative to maternal age, with a ratio of trisomy 18 to
Down’s syndrome of 0.135 (CI 0.052 - 0.297). From these data Hook

(1981) produced estimated rates per thousand live births in single
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year intervals from 15-49 years for Down’s syndrome, trisomy 18
and trisomy 13. The data for trisomy 13 assumed the same rate of
change with age as that found for Down’s syndrome and trisomy 18.
Ferguson-Smith and Yates (1984) reported on the European
collaborative study of chromosome abnormalities in 52,965
amniocenteses carried out for maternal age 35 years and over. The
rates found in this study show the same rate of change as those
predicted by Hook (1981) but are higher due to the known fetal
loss of autosomal trisomies between mid-trimester prenatal

diagnosis and birth (Hook, 1978).

1.4 MATERNAL AGE IN SCREENING FOR CHROMOSOME ABNORMALITIES

The association between risk and maternal age has been the basis
of a widely used method to screen pregnant women for chromosome
abnormalities. Since the early 1970s it has been established
practice to offer diagnostic amniocentesis, and more recently CVS,
to women at or above a certain age, commonly 35-37 years. As a
screening test maternal age meets the criteria of simplicity and
acceptability to the patient as it depends on recognition of an
age threshold rather than knowledge or interpretation of a
specific risk figure. However it is an ineffective method of
screening. For example, in the west of Scotland using age 35 as a
cut-off, 6.7% of the pregnant population require diagnostic
testing, but the sensitivity is only 30%, which represents the
proportion of autosomal trisomy pregnancies within this age group
(Figure 1-1). The positive predictive value of the test is also

poor since only one abnormality will be found for every 125
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diagnostic tests performed. This screening method has made Tittle
impact on the number of children born with Down’s syndrome in the
west of Scotland (Stone et al., 1989) since the poor sensitivity
of the test has been compounded by the low uptake of diagnostic
testing (less than 40%) in women aged 35 years and over. However
even if all eligible women of 35 years and over had had prenatal
diagnosis this screening method would still fail to access the 70%

of affected pregnancies which occur in women under 35 years.

1.5 BIOCHEMICAL MARKERS FOR CHROMOSOME ABNORMALITIES

1.5.1 ALPHAFETOPROTEIN

The association between low maternal serum alphafetoprotein (AFP)
and fetal aneuploidy was first reported by Merkatz et al. (1984),
who first observed levels ‘below sensitivity’ of the assay in two
patients with trisomy 18. Following this with a study of maternal
serum AFP in 52 chromosomally abnormal pregnancies, 21 out of 25
Down’s syndrome (84%), 11 out of 12 trisomy 18 (92%), 3 out of 3
trisomy 13 and 7 out of 12 (58%) sex chromosome abnormalities were
found to have AFP values below the median of unaffected
pregnancies. This result was confirmed for Down’s syndrome by
Cuckle et al. (1984), Seller (1984), Guibaud et al. (1984), Tabor
et al. (1984), Trigg et al. (1984), Fuhrmann et al. (1984) and
Voigtldnder and Vogel (1985), who reported levels with median
values ranging from 0.72 - 0.80 MOM for Down’s syndrome cases,

with 80 - 88% of values below the median of control cases. However
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Hershey et al. (1985) found, in a series of 32 cases of autosomal
trisomy, (28 Down’s syndrome and 4 Trisomy 18) only slightly
lowered maternal serum AFP levels (0.87 MOM) and Cowchock and Ruch
(1984) found no difference between Down’s syndrome and control

cases in a study of 40 cases of trisomy 21.

Cuckle et al. (1984) calculated a relative risk of Down’s syndrome
at each different level of AFP in MOM and proposed using a sliding
scale of MOM as a cut-off for different maternal ages. Using this
method a 40% detection rate for Down’s syndrome was predicted, at

a 6.8% false positive rate.

Baumgarten (1985) proposed an algorithm for calculating a woman’s
Down’s syndrome risk based on her age and AFP level, and reported
a prospective trial of this type of screening in women aged under
35 years (Baumgarten et al., 1985). The algorithm was based on a
Gaussian rather than log Gaussian distribution for AFP levels 1in
MOM, However, in practice, screening 9059 women aged less than 35
years, 444 (4.9%) had a risk greater than 1:250. Of these, 6 women
had a Down’s pregnancy and cne a trisomy 18 pregnancy, giving
overall odds of finding an affected pregnancy of 1:63. The number
of autosomal pregnancies in women in the low risk group was not

reported.

Spencer and Carpenter (1985) reviewed a four year period when
27,064 pregnancies were screened for neural tube defects using
AFP. Twenty seven Down’s syndrome cases were identified in the
screened population and these had a median value of 0.82 MOM of

unaffected pregnancies. Using the strategy suggested by Cuckle et
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al. (1984) in this population the detection rate was only 14.8%
and the false positive rate 8.6%, and the authors suggested that
the fetal loss rate would be higher than the detection rate and
therefore suggesting caution in the introduction of this type of

screening,

Murday and Slack (1985) reported on a 12 month retrospective study
of maternal age/AFP screening in the North East Thames region of
London. There were 78 Down’s syndrome pregnancies identified and
AFP measurements were available for 45 of these. Fourteen of the
Down’s syndrome pregnhancies were prenatally diagnosed. The
affected pregnancies had reduced levels of maternal serum AFP at
0.63 MOM of unaffected pregnancies. The authors proposed a method
of risk calculation from the overlapping log Gaussian
distributions, based on the Bayes calcutation method of Dennis and
Carter (1978). They estimated that by offering amniocentesis to
women aged 32 or greater who had a risk based on age and AFP Tevel
of 1:200 or greater, an extra 12 Down’s syndrome cases would have
been detected, if all of the women in the high risk group had had
a diagnostic test. The authors suggested that their better
detection rate, compared with that of Spencer and Carpenter (1985)
may in part be attributed to more older mothers in their
population. The lower levels of AFP in the Down’s cases (Median of
0.63 MOM versus 0.83 MOM) may also have been a contributory

factor.

Another retrospective analysis of resuits from a screening
programme 1in Canada was reported by Doran et al. (1986), who

considered results not only from mothers with Down’s syndrome
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pregnancies but also with trisomies 18 and 13. They reviewed 6851
maternal serum AFP results from samples taken prior to
amniocentesis, and a further 6505 resuits from women having AFP
screening. There were 61 autosomal trisomy pregnancies, consisting
of 46 Down’s syndrome, 10 trisomy 18 and 5 trisomy 13. The levels
in the Down’s and trisomy 18 pregnancies were reduced, at 0.79 MOM
and 0.64 MOM respectively. The Tlevels in the trisomy 13
pregnancies was not significantly different from the controls, at
1.19 MOM. Reviewing their results the authors suggested that
offering amniocentesis to women under 35 who had AFP levels of
less than 0.5 MOM would detect 20% of fetal autosomal trisomies
and put 5% of women in the high risk group, with overall odds of

finding an affected pregnancy of 1:180.

Martin and Liu (1986) produced risk tables for both birth and
mid-trimester which included prior risk, risk if AFP <0.4 MOM and
risk if AFP >0.4 MOM from the results of two other published
studies. Hershey et al. (1986) also published risk tables based on
results from 28 Down’s cases from their own centre, combined with
137 other previously published results from other centres. These
risks were based on maternal age and a sliding scale of AFP

values. Risks were calculated by Bayes theorem.

Results of a prospective trial of age/AFP screening in 51,141
women under 35 years from eight centres were reported by Palomaki
(1986), on behalf of the New England Collaborative Down Syndrome
Prenatal Screening Study. Of the 1050 women (2.1%) assigned to the
high risk group (2.1%), 807 (77%) opted for amniocentesis. Amongst

these women 12 autosomal trisomy pregnancies (8 Down’s syndrome
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and 4 trisomy 18) were identified, giving overall odds of an
affected pregnancy of 1:58. No birth outcome information on the
women who did not have a diagnostic test, from either the high or
low risk group was available at the time of publication. The study
concluded that this method of screening appeared feasible 1in

practice.

Ashwood et al. (1987) carried out a retrospective study on
maternal serum samples taken for AFP analysis prior to
amniocentesis from 3,411 women. There were 71 fetal chromosome
abnormalities in these patients, 1including 26 Down’s syndrome and
10 trisomy 18. Risks of Down’s syndrome were calculated from the
cumulative proportions of unaffected and Down’s syndrome samples
and compiled Down’s syndrome maternal age risks produced by Hook
(1981) after adjusting these to mid-trimester. The calculation of
risk was by Bayes theorem. Due to the relatively small numbers of
Down’s syndrome samples it was not possible to derive a smooth
cumulative proportion curve and the assumption was made that the
affected distribution was shifted 0.3 MOM from the control
distribution and that any point on the Down’s distribution was
equivalent to the same point on the curve - 0.3. Since AFP fits a
log Gaussian rather than a Gaussian distribution (Cuckle et al.,

1987) this is not a valid assumption.

Palomaki and Haddow (1987) were the first to suggest the
1ikelihood ratio method of calculating Down’s syndrome risks. This
method derives risks from the overlapping log  Gaussian
distributions of control and Down’s syndrome samples. The

likelihood ratio at any given AFP result in MOM 1is the distance
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from a point onh the base line to the curve representing the
affected population divided by the distance to the unaffected
curve. The height to a Gaussian distribution can be calculated by
a formula which uses the mean and standard deviation of the

distribution (Cuckle and Wald, 1984).

Cuckle et al. (1987) extended this method of risk calculation
suggested by Palomaki and Haddow to include maternal age risks
from a compilation of eight other studies (see Section 1.3). These
were combined with risks derived from AFP results from their own
series of 68 Down’s syndrome samples and 36,645 unaffected
pregnancies. They described how to calculate a Jlikelihood ratio
for any given AFP value in MOM using a formula which utilizes the
means and standard deviations of the Down’s syndrome and
unaffected distributions. The authors compiled risk tables giving
an individual woman’s risk of having a Down’s birth, based on her
age and AFP level, for gestations based on last menstrual period
or ultrasound, and for AFP values which included or excluded a
correction for maternal weight. This study also derived false
positive rates and detection rates for screening policies using
differing risk thresholds as a cut-off, predicting, for example, a
36% detection rate for Down’s syndrome at a 5.4% false positive
rate wusing a 1:300 risk threshold. It concluded that screening
using AFP/age was more efficient than using maternal age alone and
that where prenatal screening for neural tube defects was in
progress it was also justifiable to use the results for screening

for Down’s syndrome.

Tabor et al. (1987), using data derived from 86 Down’s syndrome
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pregnancies and 2018 unaffected singleton controls, used Bayes
theorem to derive risks from the log Gaussian distributions of
affected and unaffected pregnancies. From these they constructed
an 1iso-risk curve equal to a risk of 1:400 to select women for
amhiocentesis. Women whose AFP/age combination fell below the
iso-risk 1line were in the high risk group and would be offered
amnijocentesis. Using their data, where the Down’s cases had a
median of 0.64 MOM, they predicted, in their population, a
detection rate of 53% for Down’s syndrome with a false positive
rate of 9.4%. This compares with a detection rate of 28% at a
false positive rate of 6.9% using maternal age 235 years 1in the

same population.

Lindenbaum et al. (1987) reported on maternal serum levels of AFP
in 50 cases of trisomy 18. Of these 38 (76%) had neither
exomphalos nor neural tube defect and for these cases the median
level of AFP was 0.60 MOM with 30 of the cases having values below
the median. Screening programmes for Down’s syndrome using Tow AFP

levels will therefore also detect trisomy 18 pregnancies.

Di Maio et al. (1987) reported on prospective screening with
AFP/age 1in 35,797 women of whom 34,354 (96%) were aged less than
35 years. Risks were calculated by the method of Baumgarten et al.
(1985) which assumes a Gaussian rather than 1log Gaussian
distribution for AFP. Using a risk threshold of 1:270 1814 (5.3%)
were assigned to the high risk group. Of these 18% were found to
have overestimated gestation. Of the 1451 with a confirmed risk of
>1:270, 1102 (76%) elected to have amniocentesis. Of the women in

the confirmed high risk group 9 had a fetus with Down’s syndrome

-50_



and 8 of these were prenatally diagnosed. In addition 3 cases of
trisomy 18 and one of trisomy 13 were assigned to the high risk
group. Screening identified 9 out of 27 Down’s cases (33%), 3 out

of 6 trisomy 18 cases (50%) and 1 out of 3 trisomy 13 cases (33%).

Another prospective series, with incomplete ascertainment of
Down’s cases, was reported by Lustig et al. (1988). They reported
on 174,784 women screened in California. 3,939 women (2.25%) were
assigned to the high risk group (risk 21:365) on the basis of
risks derived from their AFP level and maternal age, using the
risk calculation method of Cuckle et al. (1987) and the Down’s
syndrome incidence figures of Hook and Chalmers (1977). 2,552 of
these women remained in the high risk group after ultrasound
assessment of their gestation and 1940 (76%) had amniocentesis.
There were 23 Down’s syndrome pregnancies amongst these women of
which 17 were diagnosed by amniocentesis. Five of the remaining
cases were missed due to an initial policy of requesting a repeat
sample and assigning women to the low risk group if this second
sample gave a risk less than the threshold. This repeat policy was
changed in the latter half of the period reviewed on recognition
of the issue of regression to the mean (Haddow et al., 1986).
Amongst the women in the high risk group there were also 4 cases
of trisomy 18, 1 trisomy 13, 2 Turner’s syndrome, 4 Turner
mosaics, 1 Klinefelter’s syndrome, 1 Klinefelter mosaic and 1
triploidy. No data were available on chromosome abnormalities 1in

women assigned to the low risk group.

Hook (1988) discussed the validity of using AFP/age to reassure

older women (age 235 years), who have relatively high AFP result
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which gave a risk of Down’s syndrome lower than that associated
with their age, and who consequently might avoid the need for
amniocentesis. The criticisms of this approach were (a) that
Down’s syndrome risks from AFP 1levels were derived from a
mathematical model of a relatively small amount of data rather
than from direct observation, (b) that the assumption is made that
AFP distributions do not change with maternal age and (c) that the
risks and relative proportions assigned to high and low risk
groups at the same maternal age and AFP level vary between
different studies (Ashwood et al., 1987, Cuckle et al., 1987, Di

Maio et al., 1987, Palomaki and Haddow, 1987, Tabor et al., 1987)

Wald and Cuckle (1988) discussed this last point further and
compared the methods used to derive risks in these five studies.
Two were based on an inappropriate mathematical model (Ashwood et
al., 1987, Di Maio et al., 1987). The risks of Tabor et al. (1987)
are discrepant from the others due to a lower median level of AFP
(0.64 MOM) found compared to that found by Cuckle et al. (1987)
and Palomaki and Haddow (1987) (0.72 MOM) who used the same data
set. The small differences in the risks of Cuckle et al. (1987)
and Palomaki and Haddow (1987) can be attributed to the different
method used to calculated the standard deviation. Palomaki and
Haddow (1987) used the interquartile range whereas Cuckle et al.
(1987) used the 10th - 90th centile range. This latter method is

thought to be more appropriate.

The economics of using AFP/age screening have been investigated by
Gill et al. (1987), Swint and Greenberg (1988) and Wald and Cuckle

(1988). Gill et al. (1987) carried out a cost benefit analysis of
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the costs of screening, diagnosis and termination of pregnancy
compared with the Tifetime costs of a Down’s birth, taking into
account that a termination of pregnancy will probably be replaced
by an unaffected pregnancy. They concluded that the financial
benefits of screening either by age alone or by AFP/age are
favourable and that not offering AFP/age screening would be
discriminating against younger women. Swint and Greenberg (1988)
concluded that if screening by maternal age 1is economically
justifiable then offering amniocentesis to younger women on the
basis of AFP/age is also economically viable. Wald and Cuckle
(1988) pointed out that since the overall odds of finding an
affected pregnancy are greater in women selected by AFP/age rather
than by age alone the net cost of detecting a Down’s pregnancy is

lower when screening by AFP/age.

1.5.2 UNCONJUGATED ESTRIOL

Greater sensitivity is potentially possible using additional
information from the analysis of other preghancy markers in
maternal serum. It had been observed by Jorgensen and Trolle
(1972) that total urinary estriol secretion in the third trimester
of pregnancy was lower in Down’s syndrome pregnancies than 1in
unaffected pregnancies. Canick et al. (1988) and Wald et al.
(1988a) reported lower second trimester levels of unconjugated
estriol (UE3) 1in Down’s syndrome pregnancies. Canick et al., in 22
Down’s syndrome pregnancies and 110 matched controls found a
median Tevel of 0.79 MOM in the Down’s pregnancies. Unconjugated

estriol, unlike total estriol, is almost entirely derived from the
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fetus and placenta (Siiteri and MacDonald, 1966).

Wald et al. found Tlevels of 0.73 MOM in 77 Down’s syndrome
pregnancies, compared with the levels in 385 controls. Significant
correlation was found between AFP and UE3. Extending the approach
to risk calculation previously described for AFP and age (Palomaki
and Haddow, 1987, Cuckle at al., 1987) to include UE3, and
allowing for the correlation between AFP and UE3, a detection rate
for Down’s syndrome of 45% was predicted with a false positive

rate of 5.2%, using a risk threshold of 1:250.

1.5.3 HUMAN CHORIONIC GONADOTROPHIN

Bogart et al. (1987) found elevated 1levels of total human
chorionic gonadotrophin (hCG) and free a-subunit hCG in 17 cases
of Down’s syndrome compared with the Jlevels 1in 74 controls.
Samples were taken between 18 and 25 weeks after fetal chromosome
analysis had been carried out following amnhiocentesis. Screening
using elevated levels of hCG would be more effective than using

low levels of AFP.

Wald et al. (1988b), 1in a study of hCG Tlevels 1in 77 Down’s
syndrome pregnancies and 385 controls, found a median hCG level in
the Down’s syndrome pregnancies of 2.04 MOM and predicted a 55%
detection rate by combining hCG and AFP results with maternal age
risks, as described for UE3. By also including UE3 results the
predicted detection rate was increased to 61% for a 5% follow wup

rate. This combination of analytes (AFP/hCG/UE3) has become known
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as ‘'The Triple Test’.

Arab et al. (1988) suggested an alternative approach for the use
of hCG in screening for Down’s syndrome by combining hCG and AFP
results as a ratio, and from a study of 29 Down’s syndrome
pregnancies predicted a 60% detection rate for a 10% amniocentesis

rate, but the data were not combined with maternal age risks.

1.5.4 PREGNANCY-SPECIFIC B1-GLYCOPROTEIN

Bartels and Lindemann (1988) found elevated Tevels of maternal
serum  pregnancy-specific Bi—-glycoprotein (SP1), similar in
magnitude to that reported for hCG. In 24 pregnancies with Down’s
syndrome a median level of SP1 of 2.1 MOM was found compared with
the Tlevels 1in 34 unaffected controls, with 18 out of 24 values
being above the 90th centile. Samples were taken between 16 and 19
weeks of gestation after patients had undergone amniocentesis and

fetal chromosome analysis carried out.

1.6 DEVELOPING SCREENING

At the commencement of this project in 1988 the possibility
therefore existed to 1increase the detection rate for Down’s
syndrome in the second trimester of pregnancy to around 60% using
a combination of maternal serum markers and maternal age risks.
However the effect of this type of screening on the detection of

other types of chromosome abnormalities, especially other
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autosomal trisomies, was not known and there were many unanswered
questions regarding the efficacy of multimarker screening in

routine practice.
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SECTION 2
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The study can be divided into three main parts:

2.1 PHASE 1

Retrospective data analysis of maternal serum AFP results in 142
autosomal trisomy pregnancies to establish the parameters of the
distributions 1in abnormal and unaffected pregnancies and derive

risk tables applicable to routine AFP screening.

2.2 PHASE 2

Retrospective analysis of four other preghancy markers
(alphafetoprotein, human chorionic gonadotrophin, unconjugated
estriol and the free B subunit of hCG) in stored maternal serum
samples from pregnancies with Down’s syndrome and other chromosome
abnormalities to establish the variation 1in levels between
unaffected and abnormal pregnhancies, and to look at ways that
these variations might be exploited to provide risk estimation for

population screening

2.3 PHASE 3

To establish the impact of biochemical screening for chromosome

abnormalities 1in a large unselected population, by determining

detection rates, false positive rates and the impact on prenatal

diagnosis rates and birth incidence.
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SECTION 3

MATERIALS
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3.1 PATIENT SAMPLES

The Duncan Guthrie Institute of Medical Genetics, Yorkhill,
Glasgow provides a comprehensive Medical Genetics Service to 3.0
million people in the west of Scotiand. One aspect of this service
is prenatal screening for women in 8 Area Health boards (Argyll
and Clyde, Ayrshire and Arran, Dumfries and Galloway, Forth
Valley, Greater Glasgow, Highland, Lanarkshire and Western Isles).
Screening for neural tube defects started in 1976 and was extended
in 1987 to include chromosome disorders, mainly Down’s syndrome.
In this region there are around 37,500 births per year and 80% of
pregnant women (30,000 per year) choose to have a prenatal

screening test.

The majority of venous blood samples (5-10 mls) are collected at
15-20 weeks gestation from women attending one of the 18 maternity
units in the west of Scotland. A few samples are taken directly by
GPs. Samples are sent to the Biochemical Genetics Division of the
Institute of Medical Genetics where they are given a laboratory
accession number, separated, an aliquot of serum used for assay
and the remainder (1-3 mis) stored at -20°C. A standard request
form accompanies the sample, giving details of the patient and her
pregnancy: Name, date of birth, weight, gestation (derived from
menstrual dates, by c¢linical examination and ultrasound
estimation, usually derived either from bi-parietal diameter or
crown-rump length), history of previous neural tube defect or
chromosome abnormalities, and details of pregnancy complications
(threatened abortion, twins, insulin dependant diabetes,

anticonvulsant therapy, invasive diagnostic procedures). Patient
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and sample details are entered into a computerised database which
is used to generate assay worklists. Following analysis of
samples, results are merged with patient information, reports are

generated and completed records archived as printout or on disc.

The Medical Genetics department also provides a cytogenetic
service for all of the previously above Health Boards apart from
Highland region which has 1its own cytogenetics laboratory.
Chromosomally abnormal pregnancies, identified either pre- or
post-natally, can be ascertained from inspection of departmental
cytogenetic records. Information on patients from Highland region
was obtained from the Cytogenetics Department in Raigmore

Hospital, Inverness.

3.1.1 RETROSPECTIVE AFP STUDY

Pregnancies affected by Down’s syndrome or other autosomal
trisomies, diagnosed either at birth or prenatally between April
1982 and May 1987 in the west of Scotland, were identified from
departmental cytogenetic records. After exclusion of twin
pregnancies and cases complicated by ventral wall or neural tube
defects or other structural abnormalities, maternal serum AFP
results were available from the screening archive for 142 affected
preghancies screened between 16 and 20 weeks gestation (32
terminations and 110 1ive births). The study group consisted of
114 Down’s syndrome, 19 with trisomy 18 and 9 with trisomy 13.
Maternal serum AFP results at 16-20 weeks gestation from 113,045

unaffected pregnancies (without autosomal trisomy or neural tube
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defect) tested during the same period were used for comparison as
a control group. If more than one AFP result was obtained in any

pregnancy, only the first was used.

Estimates of gestation were based mainly on the time since the
first day of the 1last menstrual period (LMP), modified by
ultrasound as suggested by Rossavik and Fishburn (1989).
Ultrasound measurement was used only were the date of the LMP was
not available or were there was a discrepancy of *2 weeks in the
estimated gestation by ultrasound. A1l gestations were established
by this method using the information obtained at the time of
sampling. This therefore reflects the quality of information
1ikely to be available in routine screening programmes and avoids
dependence on a single dating method which was not available for

all samples.

3.1.2 RETROSPECTIVE STUDIES ON OTHER PREGNANCY MARKERS

In addition to AFP, retrospective analysis using stored samples
was undertaken for four other markers: hCG, SP1, UE3 and the free
B subunit of hCG. Sixty-five thousand serum samples collected
prospectively in the west of Scotland at 15-20 weeks gestation for
routine AFP estimation between January 1987 and March 1989
provided the basic source material for these studies. After
routine AFP estimation, sera were stored at -20°C until the
outcome of the pregnancy was known. An initial pool of 78
chromosomally abnormal pregnancies were identified from which

stored serum was available. The chromosomally abnormal cases are
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listed 1in Table 3-1. 1In any abnormal case where two consecutive
samples were available only the first sample was used. Five
control sera were selected for each case, matched for maternal age
(within 12 months), completed weeks of gestation and time in
frozen storage (within 6 months). A1l control specimens were
selected without reference to their AFP level. Additional cases of
Down’s syndrome and trisomy 18 were added to the study group as
they were identified within the samples stored following troutine
screening. In all, a panel of 120 serum samples from chromosomally
abnormal pregnancies were accumulated for use in the retrospective
analyses of pregnancy markers (81 Down’s syndrome, 12 trisomy 18,
4 trisomy 13, 10 unbalanced translocations, 4 balanced
translocations and 9 sex chromosome abnormalities). To avoid
repeated thawing and freezing, samples were recovered from
storage, thawed once, divided into small aliquots and refrozen

pending further analyses.

Gestational age (completed weeks) for both affected and unaffected
pregnancies was based mainly on the time since the first day of
the last menstrual period (LMP di.e. by dates). Ultrasound
estimates of gestation were used only for those patients in whom
either the LMP was not available or there was a discrepancy of at
least +2 weeks 1in gestational age calculated using dates and

ultrasound.

3.1.3 PROSPECTIVE hCG TRIAL

Between July 1989 and June 1990 all samples sent for routine AFP
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Table 3 - 1
Chromosomally abnormal pregnancies used in retrospective studies

of pregnancy markers.

Abnormality n Karyotype
Down’s syndrome 49

Trisomy 18 4

Trisomy 13 4

Unbalanced

Translocations 8 46 ,XY 2p+

46,XY,de1(21)(qg22qter)
46,Y,-X,+der(X)(t;11)(p22p15)mat
46,XX,~11,+der(11)t(4;11)

(g31.1g25) pat
46,XY,de1(4)(q12g21.3)
46,XX,del1(11)(qg24qter)
45,XY,-10,-14,+t(10;14)(p13g11.2)
46,XY/47 ,XY+m

Balanced

Translocations 4 46,XY,inv(2)(p11g13)
46,XX,t(9;10)(q32p13)pat
45,XX,t(13qg;15q)
46,XX,t(12;16)(q13p11.2)

Sex Chromosome
Abnormalities 9 3 45,X
49, XXXXX
47 , XXY
3 47,XYY
45,X/46,XY
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estimation from three Glasgow maternity hospitals (Glasgow Royal
Maternity Hospital, The Queen Mothers Hospital and Rutherglen
Maternity Hospital) also had hCG estimation carried out. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>