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monary radiological scrutiny as in hospital. We would therefore
not know if any of these children had small areas of collapse,
which could not be detected clinically and had not cleared up
completely, giving them a permanently reduced FVC. It might
be argued that the younger the child the greater would be his
difficulty in understanding how to do the lung function test.
Although it took more patience with the younger ones, we
succeeded in testing satisfactorily all but 64 children. We
found that the lung function of the index children who had
had respiratory complications after whooping cough in the
1977-9 epidemic was within normal limits. There were no
children with evidence of bronchiectasis.

We thank the three research nurses, Mrs A Cunningham, Mrs
A C Roberts, and Mrs M Wilson, and the two unit secretaries,
Mrs A Griffiths and Mrs P Saunders, for their unfailing efforts to
make this study a success; Mrs P McCarthy and Mrs M McDermott,
of the Medical Research Council Pneumoconiosis Research Unit at
Llandough Hospital, Penarth, for their guidance in the method of
lung function testing; and Mrs M F Clay for teaching the nurses to
use the spirometer and for repairing the instruments when these
became faulty. We also thank Dr P D Oldham, chairman of the
executive committee of the MRC Pneumoconiosis Unit, Penarth, for
his invaluable help during the study and detailed comments on the
main report. Finally, this unit is grateful to the Department of
Health and Social Security for the generous grant, without which
this study would not have been possible.
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Screening for Down's syndrome using serum a fetoprotein:
a retrospective study indicating caution

K SPENCER, P CARPENTER

Abstract

A report was made on the outcome of a four year retro-
spective study in 27 064 pregnancies, of the clinical
efficiency, sensitivity, and specificity of a screening
programme for Down's syndrome based on reported
strategies related to the measurement of maternal serum
a fetoprotein. This study identified 27 pregnancies
affected by Down's syndrome with a median multiple
of the median maternal serum a fetoprotein concentra-
tion of 0-82. This figure is considerably higher than that
obtained from previous reports on this subject. With an
age related multiple of the median maternal serum
a fetoprotein strategy, 30 8% of Down's affected preg-
nancies were identified as well as 11 6% of unaffected
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pregnancies. Perhaps a United Kingdom collaborative
study should begin to investigate the reasons for such
wide population variance in the reports for the median
multiple of the median for Down's affected pregnancies.
Until such studies are carried out, screening for Down's
syndrome based on low maternal serum a fetoprotein
concentration is premature.

Introduction

Last year two reports were published outlining the possibility
of screening for Down's syndrome,' 2 based on observations
that in pregnancies affected by Down's syndrome the maternal
serum ot fetoprotein concentrations are lower than in unaffected
pregnancies. Merkatz et al first showed a relation between
fetal trisomic chromosomal abnormalities and low maternal
serum x fetoprotein concentrations among 41 affected cases
compared with maternal serum x fetoprotein concentrations in
a group of normal matched controls.' Similarly Cuckle et al
showed that in 61 Down's affected pregnancies the maternal
serum x fetoprotein concentration, at 14-20 weeks' gestation
was 0-72 multiple of the median for a series of 36 652 singleton
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pregnancies not affected by Down's syndrome or neural tube
defect.a They proposed screening strategies for selecting women
for amniocentesis and chromosomal analysis based on serum
a fetoprotein concentrations either < 0 5 multiple of the median
at 14-20 weeks' gestation or below specified maternal age
dependent cut offs. Cuckle et al showed that 210% of affected
pregnancies in which the serum a fetoprotein concentration
was <0-5 multiple of the median would be identified at a cost
of screening, by amniocentesis, 5% of unaffected pregnancies,
and with the other strategy 40(W/ of affected pregnancies would
be identified at a cost of screening, by amniocentesis, 68%o of
unaffected pregnancies.
The data of Cuckle et al have encouraged us to look at our

population retrospectively, using various strategies, in an
attempt to answer questions concerning the clinical efficiency
of such a screening programme.

Methods

A maternal serum a fetoprotein screening programme for fetal neural
tube defects has been in operation in the North East Thames region
for the past four years. The programme is centred on eight subregional
screening laboratories, all of which measure serum a fetoprotein
concentration by radioimmunoassay using the same reagent system
and protocol as supplied by the Department of Reproductive Physio-
logy, St Bartholomew's Hospital, London. In our laboratory the assay is
controlled by including quality control samples spread randomly
throughout each batch, and the between assay precision at two
concentrations of a fetoprotein in 54 cases is: mean 36-49 kU/l
(SD 1-38; coefficient of variation 3-780/o) and mean 117-52 kU/l
(SD 6-19; CV 5.270/).
The figure shows a typical within and between assay precision

profile. Our performance in the United Kingdom national external
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(1-21/1000). Analysis of the historical records of the a fetoprotein
screening service produced 27 results (16-20 weeks) relating to these
pregnancies. Two patients went directly to amniocentesis without
analysis of serum a fetoprotein, based on advanced maternal age, one
was booked after 20 weeks and not screened, and the remaining six
had insufficient positive documentation to link the infants' cytogenetic
records with those of maternal serum a fetoprotein.

All results of a fetoprotein were expressed in multiples of the
median for unaffected pregnancies at the same gestational age. The
medians used were those calculated over the whole of the four year
screening period, being 36 kU/I at 16 weeks, 39 kU/I at 17 weeks,
44 kU/l at 18 weeks, 51 kU/I at 19 weeks, and 59 kU/I at 20 weeks.
Gestational age was based on the time since the first day of the last
menstrual period in 560^ of cases and by ultrasonographic biparietal
diameter measurement in 44%O of cases.
The data on serum a fetoprotein held on file covering the four

year screening period were from 27 064 pregnancies. These data
were then analysed, based on the following screening strategies, to
select mothers at risk of carrying a Down's affected fetus, for which
one would suggest amniocentesis and chromosomal analysis. The
strategies were: (a) pregnancies in which the serum x fetoprotein
concentration was <0 5 multiple of the median for the gestational
age, regardless of maternal age; (b) pregnancies in which the serum
a fetoprotein concentration was less than the maternal age dependent
cut off concentrations proposed by Cuckle et al for pregnancies in
which the maternal age at delivery was under 38 years2; and (c)
strategy (b) but also including screening by amniocentesis for all
mothers aged 38 or over.

Results and comment

The median multiple of the median maternal serum a fetoprotein
concentration for the 27 cases of Down's syndrome was 0-82 (range
0-33-1 59). Mean matemal age was 32-5 (SD 5-6) years, range 24-43;
mean maternal height 1-59 (0-07) metres, range 1-45-1-74; mean
maternal weight 60-6 (12-0) kg, range 36-4-87-5; and mean derived
blood volume 3-1 litres, range 2-20-3-97.4 These factors are unlikely
to have influenced the serum a fetoprotein concentrations.5 6
Table I outlines the results of the retrospective study using the

various screening strategies. Our findings using strategy (a) are
compared with those using data from the limited study of Seller7
and Cuckle et al.2 Our strategy (a) detected 148°, of the affected
population compared with 12-500 with Seller's and 2130,,, with
Cuckle et al's. One of the four cases detected in our group, however,
would have been selected and detected anyway on grounds of advanced
maternal age, as would the only case detected in the study by Seller.
To detect 14 8%,, of the affected population this scheme would have
identified 2321 pregnancies requiring amniocentesis-that is, 8-6%'
of the screened population. Given that the risk of normal fetal loss
after amniocentesis is 0 50o in the normal pregnant population," this
would result in the loss of 11-12 normal fetuses to detect four affected

10 100
Serum ot fetoprotein ( kU /)

Within assay precision profile for serum a fetoprotein radio-
immunoassay. Dotted line is precision of current assay; bold
lines are confidence interval for precision profile of past seven

assays.

quality assessment scheme shows good precision (variability of bias
4-50o), with a bias of +1.5",,, against the all laboratory trimmed
mean. The clinical efficiency of this assay at our centre in detecting
neural tube defects in a low incidence area (2/1000 births) has been
published.3 A sensitivity of 970o for anencephaly and 950° for open
spina bifida was indicated, with an efficacy (the proportion of cases

of anencephaly and open spina bifida in the total population that
were detected and terminated as a consequence of screening) of 880o/
and 780o of the pregnant, screened population.

Pregnancies resulting in termination or the birth of a fetus with
Down's syndrome during the years 1980-84 were identified from our

screening population from the records of our referral centre at the
Department of Cytogenetics, Queen Elizabeth Hospital for Children,
Hackney. This search produced 36 cases of Trisomy 21 (Down's
syndrome) as determined by fetal or blood karyotyping. Of the
affected population, there were 31 live births and five terminations.
The number of live births over the screening period was 29 540,
which produced an incidence of Down's syndrome of 1/821 births

TABLE i-Summary of results of four year retrospective study comparing
various screening strategies

Strategy

(a) based (c) based
(a) based on data on data

(a) on data of Cuckle (b) (c) of Cuckle
of Seller7 et al2 et al'

Screening period (years) 4 5 8 4 4 8
No of fetuses with
Down's syndrome 27 8 61 21 26 61

No of fetuses with
Down's syndrome
detected 4' 1* 13 3 8t 24

No of false negatives 23 7 48 18 18 37
No of false positives 2317 470 1835 1922 3119 2488
No of true negatives 24721 6063 34776 14408 14408 ?
Sensitivity MI,) 14 81 12-50 21-31 14-29 30-77 39-34
Specificity (%) 91 44 92-81 94-99 88-23 82-18 ?
No of amniocenteses as

of screened
population 8-6 7-2 5-0 7 1 11-6 6-8

Normal fetal loss/
abnormal fetuses
detected 2-9 2-4 0-7 3-2 2-0 0-5

(a) is <0 5 multiple of the median strategy for all age groups. (b) is age related
multiple of the median strategy for mothers aged under 38. (c) is age related multiple
of the median strategy for mothers aged under 38 and amniocentesis and karyotyping
for those aged 38 and over.
*One mother over 38 years.
tFive mothers over 38 years.

idoo
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fetuses-that is, a ratio of normal loss/abnormal detection of 2-9.
The comparable ratio with the data of Seller was 2 4 and that of
Cuckle et al 0-7.

Table I also summarises our findings using the age related strategy
of Cuckle et al for mothers aged under 38 at delivery (column (b)) and
the same strategy including the selection of mothers 38 years or older
for amniocentesis (column (c)) compared with the data of Cuckle et al.
We detected only 14 3", of the affected population using the age
related strategy alone. This figure was increased to 3080,, by
selecting in addition those patients 38 years or over. The comparable
figure from Cuckle et al was 39 30O. To detect 30 80°, of the affected
population, however, this scheme would have to identify 3132
pregnancies requiring amniocentesis-that is, 11-6%, of the screened
population. If the prevalence of loss was 0 510 this would result in
the loss of 15-16 normal fetuses to detect eight affected fetuses-
that is, a ratio of normal loss/abnormal detection of 2-0. The com-
parable ratio using the data of Cuckle et al is 0 5.

Discussion

Our study of maternal serum x fetoprotein in 27 Down's
affected pregnancies has produced a median multiple of the
median considerably higher than that quoted by Cuckle et a12
or Merkatz et all for a group including trisomy 18s, 13s, and 21s.
Several reports have been published concerning the median
multiple of the median for a group of Down's affected preg-
nancies,' 912 but little comment has been made concerning the
prevalence of false positives with the strategy of Cuckle et al.
Table II summarises the published data concerning the median
multiple of the median for cases of Down's syndrome. The

TABLE II-Summary of published data on median multiple of the median
maternal serum a fetoprotein for cases of Down's syndrome

Median
multiple of
the median Range No of cases

Merkatz et all 0-65* 010-125 21
Cuckle et a12 0 72 0-15-2 20 61
Tabor et all 0-75 0-27-1-37 25
Cowchock and Ruch'" 1 00 0 50-3-10 51
Seller' 0 80 0-35-1 21 8
Guibaud et al" 0-76 0 30- ? 43
Fuhymann et al" 0 80 ? 43
Chard (personal communication) 0-76 0 15-1-79 41
UCH (personal communication) 0 71 0-30-1 54 25
This study 0 82 0 33-1-59 27

Weighted median multiple of the median 0 79 345

Data calculated from figure 4 of paper by Merkatz et al.'

median figure varies among studies, and within the same study
the range is often wide. Such varied data from different centres
indicate varied population, poor analytical precision, or, more
probably, the small numbers used in these studies. The weighted
median multiple of the median from all 345 cases is 0-79.

For the screening strategies proposed by Cuckle et al our
study indicates that both the < 05 multiple of the median and
the age related strategies produce poor discrimination between
affected and unaffected pregnancies, detecting only 14-80, and
30 8% of affected fetuses, respectively.
The decision to introduce a screening programme for a

particular disorder has to balance many factors, including
scientific, clinical, financial, organisational, and ethical con-
siderations.13 Many would argue, however, that the final
assessment must rest with the prevalence of false positives,
especially when the patient is being committed to further
costly, time consuming, and emotionally traumatic procedures,
which in themselves carry a risk, however small, to the fetus.
This study shows that the strategies proposed have a high
prevalence of false positives.

Currently amniocentesis is indicated as a result of raised
serum a fetoprotein concentration in 2.4!o' of our screened
population, and if all mothers aged 38 and over underwent
amniocentesis a further 4 4"i,, would be screened. Our offer of

amniocentesis to all women aged 38 and over would produce a
sensitivity of 200/o, which is greater than we found for the 0-5
multiple of the median strategy. The normal fetal loss, given a
prevalence of loss of 050o for this "high risk" group, results
in a ratio of normal fetal loss/abnormal detection of 1-2.
We concur with Brock" and disagree with Houlsbyl5 that

amniocentesis in about 5-6% of the population is already
considered acceptable. Our screening data, however, based on
the <0 5 multiple of the median strategy, would result in
amniocentesis for 8.6%O, plus the 20% of screened population
already undergoing amniocentesis for raised serum oc fetoprotein
concentration. This figure for screening for Down's syndrome
is almost certainly unacceptable, especially when considered
in terms of the ratio of normal fetal loss/abnormal detection of
2-9 for this strategy. Even the age related strategy results in
the loss of two normal fetuses to detect one Down's fetus, at a
cost of screening, by amniocentesis, 11 6%/, of the population.
This would mean an increase in workload of 200-400O, for the
already overworked cytogenetics service, depending on the
strategy used.

Screening by amniocentesis and karyotyping also presents
organisational and logistic problems in addition to considerable
emotional stress for the pregnant mother, who may wait up to
four weeks before a result is available. The move to lower the
maximum legal gestational age for termination may result in
its reduction to 24 weeks. Clearly if amniocentesis and karyo-
typing take four weeks then serum a fetoprotein screening has
to take place at no later than 18-19 weeks. Several new develop-
ments such as the sampling of chorionic villuses 6--18 and the
prescreening of aminopeptidase activity of amniotic fluid'4 may
have a bearing on these problems in the future.

For any laboratory or region considering the introduction of
a screening programme for Down's syndrome the message is
clear. The current data support the view of Merkatz et all and
Cuckle et a12 that the median multiple of the median serum
x fetoprotein concentration in Down's affected pregnancies is
significantly lower than that in normal unaffected pregnancies.
The various reports on median value for this population,
however, make it too premature to consider a screening pro-
gramme based around the data of Cuckle et al alone. As with
neural tube defects, which have a greater incidence than
Down's syndrome, we need some form of United Kingdom
collaborative study to pool experience and cases before any
further action is considered. Indeed, it is surprising that
Cuckle et al, who were involved in collaborative studies on
neural tube defects," 20 have not suggested this approach.
Our greatest concern has been the potentially disastrous effect
that such a "high fetal risk, poor affected yield" screening
programme might have on our screening of neural tube defects,
and the likely erosion of confidence and compliance of patients
that might occur.

In conclusion, much is not yet clear about the role, if any,
of finding low maternal serum a fetoprotein concentration in
identifying Down's affected fetuses. It is certainly premature
to do anything other than monitor the disorder closely with
regional or national studies.

We thank the sisters and staff of the antenatal clinics of Barking,
Rush Green, Ilford Maternity, and Harold Wood hospitals for
organisational help, Mr L Butler, Cytogenetics Department, Queen
Elizabeth Hospital, Hackney, for data on Down's births, and our
consultant obstetricians for invaluable discussions concerning these
data.
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Comparison of barium swallow and ultrasound in diagnosis
of gastro-oesophageal reflux in children
D R NAIK, A BOLIA, D J MOORE

Abstract

Fifty one infants and older children with suspected
gastro-oesophageal reflux entered a study comparing
the diagnostic accuracy of a standard barium swallow
examination with that of ultrasound scanning. All
children were examined by both techniques.

In 40 cases there was unequivocal agreement between
the examinations. Of the remaining patients, four had
definite reflux by ultrasonic criteria but showed no
evidence of reflux on barium swallow examination, four
had positive findings on ultrasound but showed only
minimal reflux on barium swallow, and one showed
minimal reflux on ultrasound but had a negative barium
meal result. In two children the ultrasound study was
inconclusive.
Ultrasound has an important role in the diagnosis and

follow up of patients under the age of 5 years with
gastro-oesophageal reflux.

Introduction

Gastro-oesophageal reflux is an important and relatively
common condition in infancy and childhood. It may be
physiological, particularly in the younger age group,' and is
self limiting and benign in most cases.2 It may, however, be
one of the causes of failure to thrive, be a cause of repeated
chest infections from aspiration, and be a factor in cot deaths.-'
In addition to radiological means, 24 hour intraluminal
oesophageal pH probe monitoring and isotope scintigraphy
have been used for detecting gastro-oesophageal reflux. Recently
a method using ultrasound has been described.4
We report a study comparing the established method of

barium swallow examination with ultrasound scanning in
children with suspected gastro-oesophageal reflux.

Department of Radiology, Northern General Hospital, Sheffield
S5 7AU

D R NAIK, DMRD, FRCR, consultant radiologist
A BOLIA, DMRD, FRCR, senior registrar in radiology
D J MOORE, MB, CHB, senior registrar in radiology

Correspondence to: Dr D R Naik.

Patients and methods

Fifty one children were examined for suspected gastro-oesophageal
reflux. Their ages ranged from 4 days to 16 years, though most were
under the age of 5 years. The main indications for investigation were
vomiting, failure to thrive, repeated chest infections, and near miss
infant death syndrome. The examinations were carried out by two
operators independently. One operator carried out the barium
swallow examination, which was followed later by the ultrasound
examination, carried out by the second operator, who had no know-
ledge of the results of the barium examination. The technique of the
ultrasound examination is detailed elsewhere.' Barium swallow
examinations were carried out using the standard technique.'

Results

All children were examined by the two methods.
An empty lower part of the oesophagus is shown on ultrasound by

three parallel lines, the outer lines representing the two walls and
the middle line the collapsed lumen of the oesophagus (fig 1). The
fundus of the stomach is easily visualised, being full of the gastric
contents. The feed combined with microbubbles of air gives an easily
recognisable ultrasonic pattern, comprising the transsonic fluid with
scattered, bright speckled echoes representing the microbubbles.
These bright echo speckles may be seen moving freely within the
stomach.

During gastro-oesophageal reflux the gastric contents with a bright
speckled echo pattern of microbubbles may be seen filling the lower
oesophagus, when the third of the parallel lines representing the
empty lumen will be lost. The two parallel lines will be seen apart
from each other and the bright speckled echoes may be seen moving
upwards from the stomach (fig 2). Often this is accompanied by
"show" at the mouth, confirming the presence of gastro-oesophageal
reflux.

Occasional reflux is common in normal children. The criteria used
for diagnosing positive reflux were (a) filling of the lower oesophagus
on at least two separate occasions, and (b) to and fro movement of
the gastric contents between the lower oesophagus and the stomach.
The table gives the results of the barium swallow and ultrasound

examinations of the 51 patients. There was agreement in 40 cases,
comprising 15 positive, 24 negative, and one minimal positive result.
Four patients had definite gastro-oesophageal reflux by ultrasonic
criteria but barium swallow did not show any reflux. Four further
patients showed positive reflux on ultrasound examination but barium
swallow showed minimal reflux. One patient showed minimal reflux
on ultrasound examination and had a negative barium swallow result.
There were two older children (13 and 15 years of age) in whom

the ultrasound study was inconclusive. In neither case could the
gastro-oesophageal junction be visualised. A possible explanation


