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ABSTRACT

This study was designed to document the prevalence of neural tube defects in Cape Town
and to determine the outcome of children born with a myelomeningocele and operated on

within the Neurosurgical service of the University of Cape Town.

The aim of the prevalence study was to document the frequency of neural tube defects
(NTD) over a twenty year period in Cape Town (1973 - 1992) and to determine the effects
of race, gender, maternal age, parity, and season of conception on the prevalence. Multiple
sources of ascertainment were used, including all maternity hospital records, neurosurgical
and spinal defects clinic data, as well as those from the Human Genetics Department and

Fetal Abnormality Group.

The prevalence rates for NTD fluctuated between 1,74 and 0,63 per 1 000 births, but
showed no significant trends over the twenty year period. Prevalence rates were highest
for the white population group at 2,56 per 1 000 births compared to 0,95 per 1 000 for
blacks and 1,05 per 1 000 for those of mixed ancestry. The higher rates in the whites,
who are of British and European extraction and belong to the more affluent section of the
community, would suggest that the possible effects of nutrition and infection are
overshadowed by genetic factors. There was a female preponderance for both spina bifida
(M:F ratio 0,89) and anencephaly (M:F ratio 0,67). The highest NTD rates were found at
both ends of the maternal age range (<20 years and >35 years of age). The prevalence
was highest at the extremes of birth order (1,65 and 1,58 for birth order 1 and >7,
respectively, and 0,56 and 0,45 for birth order 5 and 6, respectively). A seasonal
variation occurred which differed from that reported for the Northern Hemisphere and

may reflect local climatic conditions.

The aim of the outcome study was to follow a group of infants who were operated on for
myelomeningocele (01 January 1979 - 31 December 1985) and evaluate their outcome at

five years of age, in an attempt to identify factors that may influence the quality of survival
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and their outcome, and to utilise these findings to recommend altering and improving (where

possible) the management of children born with myelomeningocele.

The paediatric neurosurgical service offered by the Department of Neurosurgery of the
University of Cape Town is the only service of this nature for many hundreds of kilometres
outside of Cape Town. More patients came from outside of Cape Town (65 vs. 53), were
black (22 vs. 7), with parents of a lower level of education (43 vs. 18 with no secondary
school education) and from social class III (40 vs. 18). The majority of mothers were in their
twenties (68 vs. 50), their educational profile in keeping with their social class, and those

receiving ® formal education coming from outside of Cape Town (24 vs. 6).

Antenatal diagnosis of a myelomeningocele was only made in four patients who had
surgical repair of this defect. The number of affected cases was higher in first borns
(44/118) and the majority were delivered under medical supervision (101 vs. 17). Delivery
by caesarean section was unrelated to head circumference (9/19 had a COH >90th centile),
had a better chance of the child being continent of urine and a Modified Griffiths Quotient

>70 but was unrelated to successful ambulation.

There was some correlation between the anatomical site of the myelomeningocele and the
sensory level at birth (Correlation Coefficient 0,65), the majority being lumbar (65) or sacral
(46) sensori-motor levels. Only one third (40 vs. 78) of the patients had their lesion closed
within 24 hours of birth and half (59 vs. 59) by 48 hours, the majority coming from the Cape
Town area (44 vs.15), the delays in referral of country patients being mainly transport
related. Seventy seven percent of the infants had hydrocephalus requiring a drainage
procedure all within the first year of life (91 vs. 27), 42,3% requiring only a single ventriculo-

peritoneal shunt and 24,6% needed revisions of the procedure.

At five years of age three quarters of the children had a Modified Griffiths Quotient >70 (60
vs. 20), 15% (11) were in the borderline range (70 - 79) and of those with scores <70 four

fifths (15) were mildly handicapped (50 - 69) and one fifth (5) moderately handicapped (30 -



49). The scores on the locomotor sub-test (mean 55) were lower than the other sub-tests,
with personal/social (mean 82) and speech/hearing (mean 85) marginally higher than eye-

hand (mean 80), performance (mean 79) and practical reasoning(mean 77).

The mean General Quotient for non-shunted patients was 80, those requiring one shunt
were no different to those not shunted, but the group shunted more than once functioned
significantly lower in all sub-tests and was related to central nervous system (CNS)

infection.

Annual serial testing using a rapid developmental assessment test (DEI) showed a high
correlation with the General Quotient obtained using the Griffiths Scales of Mental
Development at 5 years of age and appeared to have predictive value for later intelligence

(Correlation Coefficients ranging from 0,77 at lyear to 0,89 at 4 years).

The overall ambulation rate was 71,3% (57 vs. 23) and was related to the sensori-motor level
of the lesion. The mid-lumbar (L3 and 1.4) lesions showed a delay in ambulation and an
increased requirement for orthopaedic surgery (23 vs. 19). Children from the Cape Town
area were ambulant earlier (24 vs. 13 ambulant by 2 years) which may reflect the availability

of orthopaedic management.

Forty four percent were continent of urine by 5 years of age (35 vs. 45), the majority (25 out
of 35) on the clean intermittent catheterization programme. The sensori-motor level (32 of
the 35 were lumbo-sacral), level of intelligence (mean GQ 84 vs. 75), birth origin (17 vs. 8)
and social class (19 social class I vs. 6 social class III) all played a role in urinary continence.
Those living within the Cape Town area were more successful in becoming continent on the
intermittent catheterization programme because of the proximity to medical and nursing

expertise.
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INTRODUCTION

Myelomeningocele is considered to be one of the most complex birth defects compatible
with meaningful existence (Liptak et al., 1985). The management of children with
myelomeningocele has changed dramatically over the last thirty years. In the 1950's most
affected children were left to die. The 1960's saw the advent of vigorous surgical
treatment and by the 1970's, Lorber had introduced the concept of selection criteria for
surgery (Lorber, 1971). Those children not operated upon were allowed to die. With
early surgical treatment, Ames and Schut (1972), Shurtleff et al.(1974), and McLone
(1981), have demonstrated that more than 80% of children survive. However, as a result
of increasing survival, an awareness of the multiple problems faced by these children has
arisen and this has led to new approaches to minimise their handicap. These problems
include hydrocephalus and its management, motor and intellectual impairments, a
neurogenic bladder with possible upper urinary tract damage, urinary and faecal

incontinence, and psychosocial problems.

Approximately 80% of children with myelomeningocele will develop hydrocephalus, but
shunt surgery allows most of the affected children to grow up with a normal or near
normal intellect (Stein et al., 1975). Close attention to shunt function and the prevention
and vigorous management of associated central nervous system infection can avoid

significant intellectual impairment.

The level of limb paralysis is relatively fixed at birth, but virtually all children are able to
stand alone or with the help of appliances (braces or platforms) by 2 years of age
(Leonard and Freeman, 1981). Most children, even those with high lesions can be
mobilised, either by being taught to ‘walk' using appliances (crutches and braces) (Kupka
et al., 1978) or with the use of a vertical wheeler (Gajjar and Price, 1988). Some
children, particularly those with high lesions, require careful attention because of the

development of a kyphosis and scoliosis (Samuelsson and Eklof, 1988).



During the past two decades many changes have taken place in the management of
urinary incontinence. The most common urinary diversion is a tubeless cutaneous
vesicostomy (Fernandes et al., 1994). Clean intermittent urethral catheterization (Lapides
et al., 1972), the use of medication to alter bladder and sphincter tone (Fernandes et al.,
1991), and the placement of an artificial urinary sphincter (Aaronson, 1986), have all
been significant advances in providing continence. Today few children should reach
adolescence still having significant problems with continence, and almost none should

have significant renal impairment.

The odour of faeces because of soiling as a result of faecal incontinence causes one of the
most serious psychosocial problems for a child with myelomeningocele. Today, the
appropriate use of bowel stimulation and supportive dietary management and daily or
frequent rectal washouts, allows the children to be socially acceptable with little or no

faecal incontinence.

Secondary to the problems outlined above, psychosocial problems may develop and add to
the handicaps faced by the child with myelomeningocele. Overprotection by parents often
compounds the problem. Schooling, in particular mainstreaming, and the awareness of
disability by the community, play a role in minimising handicap and should allow children

to be productive adults.

The birth prevalence (Borman and Cryer, 1990) of neural tube defects (NTD) within
countries and between countries shows wide variation. Not only is there a geographical
variation (Leck, 1974), but secular trends cause cyclical peaks and troughs which are not
necessarily paralleled between countries (MacMahon and Yen, 1971; Windham and
Edmonds, 1982). Recently a general decline in the prevalence of neural tube defects has

been documented in first world countries (Lorber and Ward, 1985).



Accurate statistics in South Africa prior to 1966 regarding their prevalence are not
available. Earlier studies were of vertebral columns from the local black population in
museum collections both in Johannesburg (Shore, 1930) and in East Africa (Allbrook,
1955), and these documented the prevalence of spina bifida occulta only. Data for Cape
Town have been published in the past (Horner and Lanzkowsky, 1966; Singer et al ,
1978; Cornell et al., 1983), the last being over a decade ago and limited. Horner and
Lanzkowsky (1966) published a retrospective hospital-based study involving two maternity
hospitals in Cape Town, while a five year survey (1975-80) by Cornell et al. (1983) was
restricted by only involving patients served by the Department of Obstetrics and
Gynaecology of the University of Cape Town. Singer et al. (1978) reported a three year
period (1975-77) involving the whole population of the Cape Province. No long term
studies are available regarding the prevalence of neural tube defects in Africa or South

Africa and the previous local studies are limited.

Most studies on survival, outcome and follow-up of children with myelomeningocele
emanate from industrialised countries (Lorber, 1971, McClone et al., 1981). Studies

from non-industrialised or third world countries are sparse and concentrate on the
neurosurgical aspects and survival (Brau et al., 1990) and on cultural aspects (Oyewole et
al., 1985). Data from South Africa are limited and look at survival (Katzen, 1971 and
1981), artificial urinary sphincters (Aaronson, 1986) and orthopaedic management (Fraser

et al., 1992) in myelomeningocele.

The lack of data regarding the prevalence of neural tube defects and the outcome of
children born with myelomeningocele, not only locally and in South Africa but also in

Africa, formed the rationale for this study.



AIMS

The aims of this study are:

- to document the frequency of NTD over a 20 year period in Cape Town and to
determine the effects of ethnicity, gender, maternal age, parity and season of

conception on the prevalence.

- to follow a group of infants who were operated on for myelomeningocele and evaluate
their outcome at five years of age, in an attempt to identify factors that may

influence the quality of survival and their outcome.

- to utilise the findings from the above to recommend altering and improving (where

possible) the management of children born with myelomeningocele.
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11 HISTORICAL OVERVIEW

Neural tube defects are known to have existed since the dawn of history. Examples of
spina bifida occulta have been reported in prehistoric human skeletons excavated in
Morocco. On carbon-14 dating these date to 10 500 - 12 070 years ago (Epipalaeolithic
period) (Ferembach, 1963). Similar findings in skeletons from the prehistoric, Roman,
Anglo-Saxon, and Medieval periods in England have been reported by Brothwell and
Powers (1968). Spinal defects have been described in the Japanese, the North and South
American Indian, the African American and the American of European origin (Stewart,
1931), the Alaskan Eskimo (Stewart, 1953), the East African Black (Allbrook, 1955) and
the South African Black (Shore, 1930).

Anencephalus, the most striking of these neural tube defects, in which there is virtual
absence of the forebrain and the skull vault, was found in one of the earliest described
Egyptian mummies. It was studied by Saint-Hilaire in 1826, and good illustrations by
Meunier show without doubt that it is a human mummy, although it was found in the
catacombs of Hermopolis where the sacred ape and ibis were normally buried (Brothwell

and Powers, 1968).

One of the earliest detailed descriptions of spina bifida are attributed to Nicholas Tulp,
who, in 1637 in Amsterdam, published his Medical Observations, an illustrated book
recording observations. Amongst the 228 observations there is the first clear description
of spina bifida. He described six cases of spina bifida, one of which was a child with an
extensive lumbar myelomeningocele. He clearly recognised that the 'tumour’ overlying
the bifid spine contained nervous tissue and he strongly advised against surgical
intervention. He also coined the name 'spina bifida', calling it 'spina dorsi bifida’. Tulp,
who is depicted in Rembrandt's painting "The Anatomy Lesson", was a successful
surgeon and held the post of anatomy demonstrator at the Surgeon's Guild in Amsterdam

(Rickman, 1963 & Brockiehurst, 1971).



In 1714, von Ruysch distinguished between the paralytic and non-paralytic forms
of spina bifida and suggested an association with hydrocephalus when he remarked that
'the two, allowing for the difference in site, were almost the same disorder' (von Ruysch

cited in Doran & Guthkelch, 1961).

In 1761, Morgagni examined several specimens of spina bifida with hydrocephalus and
anencephalus with spina bifida and recognised the relationship of spina bifida to
hydrocephalus, by considering the excess of fluid to be the cause of the spina bifida
"tumour' (Bocklehurst, 1971). Cleland (1883) described in great detail dissections of a
full-term infant with spina bifida infant with a lesion extending from the sixth thoracic
vertebra to the first sacral vertebra and included an account of the deformity now known

as the Armold-Chiari malformation.

In 1877, Morton a surgeon in Glasgow, injected a solution of iodine in glycerine into the
spina bifida sac and claimed success. Others followed, but efforts were soon abandoned
(Doran and Guthkelch, 1961). Surgical excision was attempted in 1885 by Mayo-Robson
who also tried to close the lesion, but this too gained little acceptance. A non-surgical
traditional view on treatment was recommended by the London Committee of 1885
(Brocklehurst, 1971). Afier the turn of the century and the development of aseptic
surgical technique, excision of the sac became accepted as the treatment method of choice

(Doran and Guthkelch, 1961).

In 1886 von Recklinghausen published observations on the dissection of 32 cases of spina
bifida, and concluded that spina bifida was the result of a disturbance in closure of the
neural tube. Chiariin 1891 published his initial observations on herniation of the
cerebellum as a result of hydrocephalus, and Arnold in 1894 described the pathological
findings in an infant with a thoracolumbar spina bifida 'tumour’, who died shortly after
birth, where he observed the deformed brain-stem within the cervical spinal canal. It was

in 1907 that Schwalbe and Gredig, pupils of Arnold, re-emphasised the close association



of the hind-brain malformations with spina bifida, and coined the term 'the Arnold and

Chiari malformation’' (Brocklehurst, 1971).

Weed (1922), injecting potassium ferricyanide solution into the ventricular system of pig
embryos discovered the communication of the ventricular system and the subarachnoid
space, and his further observations described cerebrospinal fluid production, the pathway
of flow and the sites of absorption into the venous system. During this period Dandy

had established that hydrocephalus could be caused by obstruction of the internal or
external cerebrospinal fluid pathways and was not primary or idiopathic as previously
believed (Dandy, 1919). Russell and Donald (1935), from their study of 10 cases of
myelomeningocele, suggested that the site of obstruction in myelomeningocele was either

the roof of the fourth ventricle, or around the brain-stem.

Various theories about the cause of the hydrocephalus in spina bifida have been put
forward. Penfield and Coburn (1938) published their experience of the operative
management of a single patient, who had had a thoraco-lumbar meningocele surgically
treated some years previously, and subsequently presented with evidence of brain-stem
compression. They concluded that the Chiari Type II malformation which they observed
at a posterior fossa exploration was due to traction, as the cervical nerves ran in a cephalic
direction and the thoracic nerves in a caudal direction, suggesting that the spinal cord was
fixed during its development. This finding was supported by other studies at the time
(Ingraham and Scott, 1943). Cameron (1957) postulated that the meningocele, or
myelomeningocele, permitted a leak of the cerebrospinal fluid into the amniotic cavity
affecting the pressure relationships in the fourth ventricle so that the roof foramina were
not formed and the medulla and cerebellar vermis displaced into the cervical spinal canal
by the abnormal flow of the cerebrospinal fluid. In 1958, Daniel and Strich showed that
the great vein of Galen was elongated in the Arnold-Chiari malformation, which led

Megison et al. (1967) to consider it as a possible cause for the hydrocephalus.



Ingraham and Scott (1943) operated on infants with myelomeningocele only if they

had no serious neurological lesions and had survived for at least a year or 18 months from
birth, and if their general condition was good. They had no difficulty in closing the spinal
lesion, but there was little enthusiasm for such surgery because no adequate treatment for

the associated hydrocephalus was available.

In 1951, methods of treating the hydrocephalus by procedures which bypassed the
obstruction were developed. Matson (1951) described draining the CSF directly into the
blood stream or some other body cavity. Within a few years, these procedures had
improved by developing one-way flow valves (Pudenz et al, 1957, Spitz, 1959), and this
revolution in the treatment of hydrocephalus formed the basis for the enthusiasm in the

modern surgical treatment of the patient with myelomeningocele.



111 LITERATURE REVIEW

III.1 PREVALENCE

HL1.1 PREVALENCE AND SECULAR TRENDS

IIL.1.1.1 GENERAL

A wide variation in birth prevalence of neural tube defects (NTDs) occurs within and
between countries. Secular trends with cyclical peaks and troughs are also seen, but are

not necessarily paralleled between countries.

Elwood (1973) reported an increase in the prevalence of anencephaly and spina bifida in
Dublin from 1/1 000 live births in 1900 to 8/1 000 in the 1960's, with peaks in 1938 to

1941 and 1960 to 1961. He also compared this data with data from Boston in the U.S.A.
The peak that occurred in Dublin in 1938-1941 resembled the peak in Boston from 1930-
1934. A striking difference in trends in the prevalence of these defects is present over the
years 1945-1965, the frequency declining in this area of the U.S.A. whilst it had increased in
Dublin with the peak in 1960-1961. Suggestions with respect to aetiology are made. The
possible role of the influenza pandemic of 1918-1919 and the changes in alcohol production
and consumption during and after prohibition, are suggested as possible aetiological factors

in the peaks in the 1930's.

Janerich (1973) reported on the prevalence of anencephaly and spina bifida in New York
State from 1945-1971. He suggested that there was a regression of the peak seen in the
1930's and that it was continuing. The use of maternity hospital based data in these

studies makes them difficult to interpret as major changes had taken place in the attitude

and use by society of maternity hospitals during this period.
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Windham and Edmonds (1982) showed a continuation of the decline in NTDs in

the United States during the 1970's. They used data from three surveillance systems
monitoring between 25 000 and 3,5 million births in the United States and showed clearly
that the decline in NTDs was continuing, both for anencephaly and spina bifida. The
overall NTD rate ranged from 0.49/1 000 births to 2,04/1 000 births. Snyder et al.(1991)
analysed the deaths due to anencephaly published by the federal government in the United
States from 1968 to 1987. It was purely a descriptive study looking at mortality rates and
statistical analysis of the data was not carried out. They describe a declining trend for
mortality rates as a result of anencephaly over this period for both white males (by 46%)
and females (by 49,2%), which is far greater than that for non-white males (by 14,4%)
and females (by 3,1%).

Trends during the mid 1970's in other cities in the United Kingdom, in particular
Edinburgh and Glasgow, showed that the prevalence rate of anencephaly had been
declining. Lorber and Ward (1985) reported from Sheffield in England that the annual
number of NTDs born had fallen progressively during the 1970s and 1980s. They
reported only one spina bifida birth in 1984 and a average of 18 were born per annum in
1968-1970. The rate of anencephaly had fallen from 2/1 000 births in 1968-1973 to
0,05/1 000 in 1981-4. This drop in the rate of NTDs was also seen in other health

regions in England and Wales.

The EUROCAT Working group (1991) reviewed data from various centres in Europe and
Britain from 1980-1986. This showed high rates for the British Isles (>3/1 000 births in
Glasgow, Dublin, Northern Ireland and South Glamorgan) and lower rates for Europe
(average 1,15/1 000 births). The downward secular trend was again demonstrated for the
United Kingdom with the exception of Glasgow, South Glamorgan and Galway who all
showed an upward trend in 1985-6. This may indicate that the bottom of the trough may
have been reached and that the possible disappearance of NTDs is not a reality. In the

European centres the NTD rate remained stable during the study period. A decline in the
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rate of NTDs has also been shown in Hungary (Czeizel and Revesz, 1970) and in New
Zealand (Borman and Cryer, 1993).

Secular trends for NTDs have been well demonstrated over a period of time in various
geographical locations. Borman and Cryer (1990) have pointed out that comparing data

from period to period and region to region is not recommended.

Peaks and troughs have been shown for the prevalence of NTDs in most first world
countries (Elwood, 1973). Recently a decline in the prevalence of NTDs has also been
documented in some of these countries (Czeizel and Revesz, 1970; Janerich, 1973;
Windham and Edmonds, 1982; Lorber and Ward, 1985; Borman and Cryer, 1993).
Reasons for the secular trends and the decline in the prevalence of NTDs have been
suggested. It is however uncertain whether this decline is set to continue or whether the

bottom of a trough may soon be reached (EUROCAT, 1991).

1L1.1.2 LOCAL

Neural Tube Defects (NTDs) are a major health problem in South Africa. Accurate
statistics prior to 1966 regarding their prevalence are not available. Earlier studies were
of vertebral columns from the local black population in selected collections in museums
both in Johannesburg (Shore, 1930) and in East Africa (Allbrook, 1955), and reported on

the prevalence of spina bifida occulta.

Shore (1930) reported a higher prevalence of spinal defects amongst blacks. He reported
on abnormalities of the vertebral column in a series of 82 skeletons of Bantu natives of
South Africa. He reported a prevalence of 3,6% for spina bifida occulta. Similar figures

were later reported by Allbrook (1955) for the East African Negroes, who had studied 206
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vertebral columns of East African ethnic origin. Levy and Freed (1973) confirmed

these figures reviewing 5 363 radiographs of South African Negroes in Johannesburg.

Some studies have remarked that spina bifida and anencephaly are much less

common among black babies than white babies. Simpkiss and Lowe (1961) reported on
congenital anomalies in the African new-born from Kampala in Uganda and in 2 068
consecutive deliveries they reported no cases of spina bifida or anencephaly. Review of
5 498 hospital records of babies born from 1953 to 1955 yielded only two cases of spina

bifida and two of anencephaly.

Khan (1965) reported from Nairobi that in 3 016 consecutive births, the rate of
anencephaly was 0,99/1 000 births and the rate of spina bifida 1,66/1 000 births amongst
East African Negroes. This figure correlates well with that of Singer et al. (1978) from
Cape Town and Kromberg and Jenkins (1982) who reported on a large series (29 633
births) from Johannesburg. Similar figures were reported by Harrison et al. (1985)

from Nigeria in a survey of 23 512 hospital deliveries in Zaria, showed a prevalence rate

of 1,6/1 000 births for NTDs.

Stevenson et al. (1966) reported on congenital malformations, including neural tube
defects, in a study of a series of consecutive births in 24 centres internationally, including
Cape Town, Johannesburg and Pretoria. The South African data is flawed which
questions the credibility of this data. In the study Somerset, Peninsula Maternity, Karl
Bremer and Groote Schuur Hospitals from Cape Town, Queen Victoria Hospital from
Johannesburg and Holy Cross Nursing Home from Pretoria co-operated. However, in the
section regarding the List of Centres, Co-operating Hospitals and those responsible for the
study, both Groote Schuur and Karl Bremer Hospitals are listed as Johannesburg hospitals,
whereas they are/were both important maternity hospitals in Cape Town. The possibility
that the data from these hospitals has been included in the data for Johannesburg exists.

The figures given for Johannesburg throughout the text are higher than expected from the
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one co-operating hospital (Queen Victoria Hospital) in the area and those for

Cape Town lower, adding to that suspicion.

In the same year, Horner and Lanzkowsky (1966) undertook a pilot investigation to
compare the prevalence of congenital abnormalities in the white and Cape Coloured
(those of mixed ancestry) racial groups in Cape Town. They surveyed 6 502 infants
delivered in two maternity hospitals under the aegis of the University of Cape Town.
They reported a lower prevalence for anencephalus and spina bifida amongst whites than
those of mixed ancestry, with a prevalence of 0,7/1 000 births for anencephalus and

0,4/1 000 births for spina bifida for whites and 0,8/1 000 births for anencephalus and
0,5/1 000 births for spina bifida for those of mixed ancestry. This was a retrospective
survey and limited to two maternity hospitals and a small number of patients. The white
population of Cape Town is largely of British or European extraction, where the
prevalence of anencephalus and spina bifida was reportedly and still is higher than that
reported by the authors. As most white patients would have delivered in private practice,
unless the pregnancy was complicated or there were financial considerations, only a select
group of white patients were surveyed. If anencephalus had been diagnosed in private
practice it would not have been referred and if spina bifida was diagnosed in private
practice it may have been referred directly to a neurosurgical unit and not a maternity
hospital for further management. This may well account for the low prevalence reported

for anencephalus and spina bifida amongst the whites in this survey.

Singer et al. (1978) reported on spina bifida and anencephaly in the Cape Province of the
Republic of South Africa. They reported a prevalence of 1,59/1 000 births for both
anencephaly and spina bifida for whites, a prevalence of 0,59/1 000 births for spina bifida
and 0,12/1 000 births for anencephaly for those of mixed ancestry, and a prevalence of
0,69/1 000 births for spina bifida and 0,34/1 000 births for anencephaly for blacks. This
figure for whites is similar to British figures at the time. The figure for those of mixed
ancestry is higher than that previously reported and the figure for blacks is the first

reported for the local black population. Many of the rural deliveries are home deliveries
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and because of cultural beliefs the birth of a child with a congenital malformation
may go unreported. Those delivered in rural private practice with anencephaly may not

have been referred further.

Grace (1981) quoted rates of NTDs from Durban of 2,0/1 000 births for whites,
0,9/1 000 births for Indians, 0,67/1 000 for blacks and 1,81/1 000 births for those of

mixed ancestry from his personal unpublished data.

Cornell et al. (1983) reported on the prevalence of neural tube defects in Cape Town for
the period 1975-1980. The study was a retrospective survey of patient records in the
population served by the Department of Obstetrics and Gynaecology of the University of
Cape Town. They reported an overall rate for the five year period of 1,6/1 000 births for
anencephaly, 2,0/1 000 births for spina bifida and total NTDs 3,6/1 000 births for whites,
0,33/1 000 births for anencephaly, 0,47/1 000 births for spina bifida and total NTDs
0,8/1 000 births for those of mixed ancestry, and a rate of 0,33/1 000 births for
anencephaly, 0,22/1 000 births for spina bifida and total NTDs 0,55/1 000 births for
blacks. Although the figures for the white population were similar to those in the United
Kingdom at the time, the majority of the white population in this area would have
delivered privately, as mentioned previously, and would not have been included in the
search. The figure for anencephaly for those of mixed ancestry is higher than previously
reported by Singer et al. (1978) and that for spina bifida lower. The figure for the black
population for both anencephaly and spina bifida is lower than that reported by Singer et
al. (1978). The black population in this area originates either from the Transkei or the
Ciskei and there is often a to and fro migration of this population between these rural

areas and Cape Town.

Ncayiyana (1986) reported on a retrospective review of 9 142 deliveries over a five year
period from 1980-1984 in the rural Transkei district of Umzimkulu. The rate of
anencephaly was 1,75/1 000 births, spina bifida 4,38/1 000 births and total NTDs

6,13/1 000 births. These figures are the highest yet reported for Blacks in this country.
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The total number of deliveries in the area is unknown as a large percentage of the
deliveries in the area were home deliveries (38%). Taking this into account and inflating
the total number of deliveries the total NTD rate is closer to 3,79/1 000 births. This is
similar to the rate described for Whites by Cornell et al. (1983) in Cape Town, but is still
the highest rate described for blacks in this country. Long term monitoring of the
prevalence of the condition in this area would be valuable as well as comparing this data

with figures for the region as a whole.

Accurate prevalence rates for NTDs in Africa and South Africa are poorly documented.
Studies that have been reported are over short periods of time (Horner and Lanzkowsky,

1966, Singer et al., 1978; Cornell et al., 1983; Ncayiyana, 1986).

111.1.2 SEASONAL PREVALENCE

In the quest of unravelling the aetiology of neural tube defects (NTDs), attempts have
been made to relate the prevalence of these defects to the season of birth or conception.
Initially this proved unconvincing but with time a trend has developed. Leck (1974)
reviewed the earlier studies carried out in the United Kingdom and pointed out that the
relationship of season to prevalence appeared to vary according to year, locality and type

of defect.

McKeown and Record (1951) reviewed stillbirth data from the annual reports of the
Registrar-General for Scotland, which had given the causes of stillbirths since 1939, and
930 consecutive births in Birmingham in 1940-7 with central nervous system
malformations. They found that the prevalence of anencephalus to be significantly higher
in children conceived in the period April to September and born in the period October to
March, but no seasonal variation in the prevalence of spina bifida. Smithells and Chinn

(1965) reviewing data from Liverpool showed an excess of winter births over summer
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births for spina bifida but no seasonal variation in conceptions. Elwood and Nevin
(1973) also showed a winter excess for both spina bifida and anencephalus births in
Belfast, and showed a seasonal variation for spina bifida births but not so for
anencephalus. On data from Europe, Czeizel and Revesz (1970) noted an excess of spina
bifida (but not anencephaly) among spring conceptions during the 1960s. Tunte (1968)
from Westphalia reported a peak in the prevalence of anencephaly among spring
conceptions, but not so for spina bifida. Khoury et al. (1982) reviewed American data
from the Birth Defects monitoring Program (1970-78) and the Metropolitan Atlanta
Congenital Defects program (1968-79) and showed no seasonal changes for births of

NTDs for singletons or multiple births.

Locally, Singer et al. (1978) reviewed the month of conception of 209 babies born with
severe central nervous system defects in the Cape during 1969-1977. This showed a rise
in conception in the second quarter of the year and a possible secondary peak in the last
quarter. This data represents the whole of the Cape province, which is a vast area with a
number of different geographical regions and population groups. Only numbers of cases
are given and no rate has been calculated for conceptions or births of these defects. The
possibility of this trend mimicking the monthly conception trend in the Cape is not

excluded.

Ncayiyana (1986) in his study from Umzimkulu in the Transkei showed an increase in the
number of NTDs delivered during the quarter October to December (Summer) out of
proportion to the distribution during the other months of the year. He expressed these as
a percentage of the total number of NTDs delivered in the period studied, but compared
the data to all births per month for the same period also expressed as a percentage of the

total.

A seasonal prevalence for NTDs has been suggested by some (Leck, 1974; McKeown and

Record, 1951; Elwood and Nevin, 1973; Tunte, 1968; Czeizel and Revesz, 1970), but not
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others (Khoury et al., 1982). Studies which show a seasonal prevalence show an
increase in the prevalence of conception of a NTD during April to September (McKeown
and Record, 1951). A seasonal prevalence for NTDs in South Africa has been suggested
(Singer et al., 1978; Ncayiyana, 1986).

IMIL.1.3 MATERNAL AGE

It has been suggested that the risk of having a child with a neural tube defect (NTD) is
significantly greater for older mothers. Janerich (1972) showed by cohort analysis that
the absolute risk of anencephaly was more directly related to the mother's year of birth
than to that of the affected child. The suggestion made was that certain aetiological
environmental factors affecting the mother early on in her life were affecting her offspring
during her reproductive life. He suggested the 1918-19 influenza pandemic may have
been a preconditioning event for the epidemic of NTDs which peaked in 1929-32. He
also showed that the overall relationship of maternal age to the prevalence of anencephaly
followed a U-shaped pattern. In a review of studies from the United States of America,

Leck (1974) found a rise in rates near the end of reproductive life.

Smithells and Chinn (1965) in their study of 258 cases of spina bifida in Liverpool

showed an excess of young mothers especially under 25 years of age. Bound et al. (1991)
reviewed cases of NTDs in the Fylde in Lancashire during 1957-89. Data collected
included 190 cases of anencephaly, 181 cases of spina bifida and 32 cases of cranium
bifidum cysticum out of a total 116 282 live births and stillbirths during this period. The
relative risk for anencephaly increased dramatically over 25 years of age and rose still
further for mothers over 30 years of age. For spina bifida the maternal year of birth
became a significant risk factor, and reaches a peak before 1950 and then declining. One
of the suggestions put forward was that mercury, which was largely abandoned in the
treatment of infants in the early 1950's, because of complications, may be an aetiological

factor.
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Local or regional data regarding the maternal age of infants with NTDs is
unavailable. Data from the rest of Affica is scant. Of the 52 mothers described by
Mabogunje (1990) from Nigeria, 27% were teenagers and 54% were in their third decade,

but no further analysis of the maternal data is presented.

Studies suggest an increase in prevalence of NTDs at both ends of maternal
reproductive life (Smithells and Chinn, 1965; Janerich, 1972; Leck, 1974; Bound et al.,
1991).

SEX RATIO

Among individuals with NTDs a female predominance has been described in both the
United Kingdom and the United States of America. Smithells and Chinn (1965)
reviewing 258 cases of spina bifida from Liverpool found a female to male ratio of 1,2:1.
Elwood and Nevin (1973) in their study from Belfast showed a female predominance,
more so for anencephalus (26,3% male) than for spina bifida (41,1% male). James
(1979) reviewing data from over 20 studies from different geographic areas in Scotland
found a high female predominance. Windham and Edmonds (1982) in their extensive
study in the United States, showed an overall female predominance although no sex ratio
is quoted in their figures. This female predominance has also been supported by Janerich
(1975). Khoury et al. (1982) also showed a female predominance in the United States, as

well as a lower female predominance amongst nonwhites.

Myrianthopoulos and Melnick (1987) from Los Angeles supported the female
predominance for NTDs in the United States, in the NIH Collaborative Perinatal Project,

a prospective study of over 53 000 pregnant women and their offspring.
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Dolk et al. (1991) as the EUROCAT working group reported a female
predominance for NTDs, both in Britain and Europe, with male to female ratio of 0,65

and 0,89 respectively.

Seller (1987) has suggested that in populations where there is a high prevalence of NTDs,
a female excess is more evident. Naggan (1971) from Israel, where the frequency of
NTDs is low, has shown that more males are affected. It has also been suggested by
Record and McKeown (1949) that females have more severe defects than males

with NTDs and that an excess of females with NTDs are stiltborn.

Local figures for sex ratios in NTD populations are scant. Levy and Freed (1973) in their
study of spina bifida occulta in South African Blacks found that neither sex had a
significantly higher prevalence of this anomaly. Kromberg and Jenkins (1982) in their
study in Johannesburg found a male predominance in their 35 cases of NTDs (a F:M of
3:4 for their spina bifida group and 2,5:3 for their anencephalic group). Ncaytyana
(1986), however, showed a female predominance for his 52 cases of NTDs in the
Transkei (a F:M 3:1 for spina bifida and anencephaly). In both these studies numbers of
cases are small, although the evidence from the Transkei, despite the smail numbers,
appears convincing. The local studies on NTDs of Horner and Lanzkowsky (1966),
Singer et al. (1978) and Cornell et al. (1983) have not reported a sex ratio for the local

NTD population.

Where sex ratios for NTDs have been documented, a female predominance has been
reported - from the United Kingdom (Smithells and Chinn, 1965; Elwood and Nevin,
1973; James, 1979), from the United States of America (Windham and Edmonds, 1982;
Janerich, 1975; Khoury et al., 1982; Myriathopoulos and Melnick, 1987), from Europe
(Dolk et al., 1991) and in South Africa (Ncayiyana, 1986). Another South African study
reported a male predominance (Kromberg and Jenkins, 1982). Local data from Cape

Town has not been reported.
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PARITY

Although a variation occurs with differences in maternal parity, it appears that this is
geographic. Fedrick (1970) reported a higher frequency for anencephaly among the first
born in young mothers in London, but in mothers over 35 years of age a parity of three or
more was associated with an increased frequency. Leck (1974) reviewed data from the
United States of America and reported the only common finding being that prevalence is
low amongst second births. Naggan (1971) from Israel showed that there is an increased
frequency of both anencephaly and spina bifida after the fifth child, and uniformly lower
at lower birth orders. Hall et al. (1988) in a study from British Columbia showed no

association with parity or birth order.

To date no reports regarding parity and the prevalence of NTDs have emanated from

Africa or South Affica.

Data regarding prevalence of NTDs and parity or birth order is scanty but is suggestive
of an increased prevalence amongst first borns (Fedrick, 1970) and again in the higher
birth order (Fedrick, 1970; Naggan, 1971). Others have shown no increase in prevalence

with birth order (Hall et al., 1988).

OTHER FACTORS

Socio-economic factors have been thought to play a role in the aetiology of neural tube
defects, suggesting that they were more common in the offspring of families of low
socio-economic status (Record and McKeown, 1949; Coffey and Jessop, 1957).
Reviewing data from the British Perinatal Mortality Survey in 1958, Fedrick (1970) found
the prevalence of anencephaly to be four times higher in social class V when compared to

social class I and independent of regional variation, maternal age and parity.
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Naggan and MacMahon (1967) showed a similar variation in Boston, where the risk for
ward patients was twice as high as for private patients, and this was true for all ethnic
groups except Jews. This trend has not been shown in either Israel (Naggan, 1971) or

Hungary (Czeizel and Revesz, 1970).

Dietary factors have also been incriminated in the past. Following the association

of the prevalence of neural tube defects and the range of geographical areas in the United
Kingdom where the fungus Phytophora infestans (the cause of potato blight) occurs, it
was suggested as an aetiological agent (Leck, 1974). Prolonged winter storage of
potatoes, which promotes the growth of the fungus, and a high spring conception of
neural tube defects correlates well, as does the fact that potato consumption is highest
among the lower socio-economic groups. Although a steroid antibiotic, solanidine, which
is produced in response to the fungus by the potato, has been shown to be lethal to chick
(Renwick, 1972) and rat embryos (Kline et al., 1961), neither the fungus nor solanidine

has been shown to cause congenital malformations.

The role of micronutrients in the aetiology of neural tube defects has existed for some

time. The role of folic acid was originally put forward three decades ago (Hibbard and
Smithells, 1965). Smithells et al.’s (1980) non-randomised trial of periconceptional
supplementation with a vitamin and mineral preparation was difficult to interpret. The
benefits of supplementation from possible risk of having a subsequent affected pregnancy
was about one-seventh that in the unsupplemented women. A possible reason for the
declining prevalence of NTDs in first world countries during the 1980’s (Lorber and Ward,
1985; EUROCAT, 1991) could have been the widespread use of periconceptional vitamin
supplementation following this study (Smithells et al., 1980), increasing awareness of the
importance of diet both before and during pregnancy, and the wider availability of nutritious
foodstuffs. However in some centres the declining trends had been noted earlier (Windham
and Edmunds, 1982; Snyder et al., 1991) and in others the decline had occurred concurrently
with massive local unemployment and a deteriorating social climate (Lorber and Ward,

1985).
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In 1981 a second small randomised double blind trial of folic acid supplementation alone
yielded inconclusive results (Laurence et al., 1981). The results of the multi-centred MRC
vitamin study conducted in the United Kingdom have now shown that folic acid
supplementation starting before pregnancy can reduce the risk of recurrence of neural tube
defects (MRC, 1991). All these studies had concentrated on pregnant women with a prior

NTD affected pregnancy.

Four observational studies from the United States have looked at pregnant women
without a prior NTD-affected pregnancy. Three case control studies, one from Atlanta
(Mulinare et al., 1988), one from Boston (Werler et al., 1993) and one from California
(Mills et al., 1989) have shown different effects. Two studies have shown a 60%
reduction risk in women who took a multivitamin supplement containing folic acid at least
one month before conception. Mulinare et al. reported on 3 176 women of whom 14%
used periconceptional multivitamin supplementation which continued through the first
trimester, and Werler et al. on 3 051 women and the supplementation of folic acid ranged
from 0,2-0,6 mg. and continued through to 28 days after the last menstrual cycle.
However, Mills et al. showed that despite a multivitamin and folate supplement containing
up to 0,8 mg. of folic acid and an adequate diet at least one month before conception
through the first trimester, there was no protective effect, although numbers were small
(579 women). In a prospective study in New England, Milunsky et al. (1989) has shown
that supplementation with a multivitamin plus a folate supplement containing 0,1-1,0 mg.
of folic acid and an adequate diet at least one month before conception through the first

trimester had a protective effect (22 657 women).

The protective effect of folic acid has also been reported from other countries. Bower
and Stanley (1989) from Australia has reported the protective effect of folic acid in a case
control study from Western Australia. Although small numbers were involved (234
women), he compared the highest with lowest folate quartile and showed a 75% reduction
in risk. From Hungary it has been reported that the results of a multivitamin/mineral

supplementation (including 0,8 mg. of folic acid) among women who had not had a prior
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NTD-affected pregnancy, showed a protective effect (Czeizel & Dudas, 1992). Ina
randomised controlled clinical trial involving 4 753 women planning a pregnancy, one
group received a vitamin supplement (containing 0,8 mg of folic acid) and the other trace
elements daily for at least a month before conception and until the date of the second
missed menstrual period. Not only was there a reduction in the number of congenital
defects in the vitamin supplemented group, but six cases of neural tube defects occurred
in the trace element group and none in the vitamin supplemented group. Recently, it has
been suggested that the metabolism of folic acid may differ in women at risk of

having a neural tube defect affected infant (Wild et al., 1993).

For mothers planning a pregnancy to consume adequate amounts of folate-rich foods and to
take folate supplementation while they are trying to conceive and for the first twelve weeks
of pregnancy is possible. However, as most pregnancies are unplanned and most people are
resistant to modify their eating habits a more general folic acid supplementation

programme is necessary. It is now recommended that all women of childbearing age who
are capable of becoming pregnant should receive folic acid supplementation for the purpose
of reducing the risk of having a pregnancy affected with a neural tube defect (Oakley, 1993,
Hitzeroth, 1993). The inauguration of such a policy may be difficult to achieve providing
supplements to all these women and consideration to the fortification of staple foods, such

as bread, flour and rice, with folic acid should be given (MRC, 1991; Sellers, 1994).

Low socio-economic class has been shown to be associated with an increased prevalence
of NTDs by some (Record and Mckeown, 1949; Coffey and Jessop, 1957; Fedrick,
1970) but not by others (Naggan, 1971; Czeizel and Revesz, 1970). The role of the
fungus Phytophora infestans has been incriminated as an aetiological agent in the past
(Leck, 1974) but never proven. The protective effect of supplemental folic acid in
preventing NTDs (Bower and Stanley, 1989; Czeizel and Dudas, 1992; Mulinare et al.,
1988; Werler et al., 1993) and their recurrence (MRC, 1991) has been shown, but

questioned by others (Mills et al., 1989). 1t has been suggested that folic acid metabolism
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may differ in women at risk of having a NTD affected pregnancy (Wild et al., 1993).
Following these studies it has been recommended that all women of child bearing age who
are capable of becoming pregnant should receive folic acid supplementation (Oakley,
1993). Implementation of these recommendations will be difficult and the fortification of

staple foods has been suggested (MRC, 1991; Sellers, 1994).

IIL2 ANTENATAL DIAGNOSIS

The ability to diagnose a neural tube defect antenatally has been available for the past
twenty years ( Brock and Sutcliffe, 1972; Campbell et al,, 1972; Brock, 1976; Campbell,
1977). Initially, ultrasound scanning was used, and the first termination of pregnancy for
a NTD following antenatal ultrasound diagnosis was performed for anencephaly in 1972

(Campbell et al., 1972).

Following the discovery that anencephaly and open spina bifida could be diagnosed

using a raised maternal serum or amniotic fluid alpha-fetoprotein (Brock and Sutcliffe,
1972; Brock, 1976), population screening programmes were started in areas with a high
incidence of NTD (Ferguson-Smith, 1983). Similar population screening programmes
were commenced locally (Nelson and Coetzee, 1977; Grace et al., 1981). The test is best
performed in the early second trimester and preferably before the twentieth week in
pregnancy, before the normal rise in alpha-fetoprotein occurs, making diagnosis

difficult. The antenatal diagnosis of an NTD, using this test, should be possible in at least
70% of cases. Some studies have reported better results (Campbell, 1977). Locally,
most patients first attend antenatal care well into their second trimester of pregnancy,
making it difficult to use maternal serum alpha-fetoprotein as a screening test (Van
Coeverden De Groot, 1995). As with any screening test, there are other causes of a
raised serum alpha-fetoprotein, and further investigations are indicated. Amniotic fluid is

usually obtained to determine the level of amniotic alpha-fetoprotein as well as to check
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for the presence of a nerve-specific enzyme, acetylcholinesterase (Report of the
Collaborative Acetylcholinesterase Study, 1981). Using a combination of a raised alpha-
fetoprotein and the presence of acetylcholinesterase in the amniotic fluid over 90% of the
fetuses with a NTD can be detected. There is a risk of spontaneous abortion and fetal loss
following an amniocentesis, but this is less than 1% (Scrimgeour, 1978; Simpson et al.,

1979, NICHD National Registry for Amniocentesis Study Group, 1976).

Although the risk is small, an amniocentesis is an invasive alternative. In the past, using
ultrasound, the diagnosis of a NTD has depended on the type of lesion. Anencephaly is
diagnosable as early as 12 weeks' menstrual age, but usually confirmed between 14 and

20 weeks. Spina bifida presents a different problem. Scanning the spine is difficult and a
diagnosis before 20 weeks rare (Campbell, 1977). Roberts et al.(1983), looking at 2 509

"at risk" pregnancies, reported a sensitivity of only 80% for sonographic diagnosis of

spina bifida. Improvements in ultrasound technology and techniques, have resulted in an
improvement in the sensitivity of the technique in the prenatal diagnosis of spina bifida
(Richards et al., 1988; Hogge et al., 1989). Nicolaides et al.(1986) in a retrospective study,
recognised that almost all cases of spina bifida were associated with aberrations of cranial
anatomy, that could be diagnosed sonographically. The changes were secondary to the
Arnold-Chiari malformation and include ventriculomegaly, disproportionately small head size,
concave frontal bones (due to partial collapse of these bones) resulting in a lemon shape to
the skull when viewed in the axial plane ("lemon sign"), and distorted anatomy within the
posterior fossa of the skull, with anterolateral deviation of the cerebellar hemispheres around
the cerebral peduncles giving a "banana-shaped" configuration. Some of these findings are
dependent on the age of the fetus at sonography. The "lemon sign", for example, is present
in nearly 99% of midtrimester fetuses with spina bifida but is less reliable after 23 weeks,
when it is present in only 15% of cases. This was an important development, because when
sonographic assessment of the spine and intracranial anatomy are considered collectively, the
sensitivity of ultrasound for detecting spina bifida approaches 95%, similar to that of amniotic
alpha-fetoprotein and acetylcholinesterase levels (Nicolaides et al., 1986; Campbell et al.,

1987; Penso et al., 1987; Thiagarajah et al., 1990). A detailed fetal ultrasound is now the
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preferred confirmatory investigation following the discovery of a raised early mid-trimester
maternal serum alpha-fetoportein. In some centres, where mothers attend antenatal clinic
services from early on in pregnancy, a detailed fetal ultrasound at 18 weeks, is done in
preference to alpha-fetoprotein screening. Despite the improved technology greater
operator experience is essential in maintaining the sensitivity of ultrasound for detecting
spina bifida (Roberts et al., 1983). The training of ultrasonographers in detecting spina
bifida is essential, but in areas of low prevalence it may be difficult to maintain their
expertise. In Cape Town, no routine screening for NTD is carried out, unless indicated

on clinical grounds or there is a family history of NTD or a history of a previously affected

pregnancy. In these cases a detailed fetal ultrasound would be performed.

More recently, maternal serum alpha-fetoprotein levels have again come to the fore with
the discovery that low levels in combination with unconjugated oestriol and human
chorionic gonadotrophin levels (the triple test), can indicate an increased risk of the fetus
having Down syndrome (Wald et al., 1992). Therefore, when high levels of serum alpha-
fetoprotein are discovered using the triple test, further investigation is indicated to exclude

the presence of a NTD.

The role of prenatal diagnosis and abortion of affected fetuses in developed countries when
restricted to high risk cases had little effect on the overall births with neural tube defects,
but as whole populations have been screened using not only maternal serum alpha-
fetoprotein but high resolution ultrasound scanning the impact has been appreciable
(Ferguson-Smith, 1983; Lorber and Ward, 1985). However, this alone cannot explain the
declining trend in prevalence of NTDs in these countries (EUROCAT, 1991), as the
decrease began in most places before prenatal diagnosis was available (Janerich, 1973;

Windham and Edmunds, 1982).

Optimally the antenatal screening of pregnancies should be done before 20 weeks of

pregnancy, allowing adequate time to legally terminate the pregnancy if required with a
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minimum risk to the mother. The diagnosis of neural tube defects, in particular
anencephaly and open myelomeningocele, can be made antenatally, using maternal serum
alpha-fetoprotein (Brock and Sutcliffe, 1972; Brock, 1976) and/or acetylcholinesterase
(Scrimgeour, 1978; Simpson et al.,1979). The use of the test after twenty weeks

gestation diminishes as the natural surge in these products occurs. Antenatal

sonography, initially not reliable in diagnosing myelomeningocele under twenty weeks
gestation (Campbell, 1977) has been refined over the years and a detailed fetal sonograph
is now used in preference to the alpha-fetoprotein screen at 18 weeks gestation in some
centres (Nicolaides et al., 1986; Campbell et al., 1987; Penso et al., 1987; Thiagarajah et
al., 1990). The success of the programme depends on the compliance of the attending
public and the avilability of resources and expertise, the costs involved in running the
programme and the equipment involved. Locally, most mothers attend antenatal clinic for
the first time well into their second trimester making screening difficult (Van Coeverden De
Groot, 1995). Although sonographic facilities are widely available in Cape Town and South
Africa, high resolution fetal sonography is only available at a few large centres. Groote
Schuur Hospital is the only hospital in the Peninsula Maternal and Neonatal Service to

offer this service to the whole community under its care.

I1IL3 PERINATAL FACTORS

Until the development of prenatal diagnostic techniques, the presence of a
myelomeningocele was only noted at birth. These techniques have allowed an assessment of
the fetus to be made prior to delivery and have allowed some insight into separating the
effects of the developmental lesion itself, of the intrauterine environment and the effects

of labour and delivery on the lesion.

The role played by the intrauterine environment in the development of neurological

damage in myelomeningocele has itself been questioned (Emery & Lendon, 1973; Osaka



28

et al., 1978). Using a pup model, Heffez et al. (1990) have suggested that amniotic fluid -
_ itself has a necrotic effect on the exposed cord and could act as an additional factor in the

development of spinal cord injury.

The "stress of labour" is a well recognised entity and is due to altered placental

perfusion during contractions and mechanical compression of the fetal head. Studies of
vertex presentations show that the pressures applied to the cervix by the calvarium are
3-4 times the coincident intra-amniotic pressure. These forces increase after rupture of
membranes and are repeatedly applied to the fetal head with each uterine contraction. The
intra-amniotic pressure applied to the rest of the body, including the exposed cord, also
varies with the magnitude of the uterine contraction. Biomechanical studies of breech
presentations have not been performed, but traumatic lesions of muscle, skin and
peripheral nerve in myelomeningocele patients following breech delivery have been
described (Ralis, 1975). No mention was made of trauma to the neural placode. These

injuries were attributed to local traumatic forces applied to the presenting breech.

Stark and Drummond (1970) reviewed their experience from the perspective of possible
birth injury to the cord and brain. They found rupture of the myelomeningocele in 10%
of cases after labour and vaginal delivery, and felt it likely that in "many others, the
neurological deficit increased during delivery". Prompted by the variability in extent and
composition of the neurological deficit seen in children with myelomeningoceles,

| they argued that the finding of a mixed upper and lower motor neurone lesion in 75% of
patients suggested that trauma, as well as exposure to air and infection, might play a role

in the eventual deficit }

Campbell (1977) used real time ultrasound studies on myelomeningocele fetuses in utero
to determine whether ultrasound could reveal early evidence of paralysis. n two cases
with major lesions the leg movement in utero was considered normal, but at birth, they
were paraplegic, suggesting that labour and/or delivery might have resulited in additional |

injury. However, no intrapartum or postnatal data have been published for these fetuses.
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Recommendations were put forward in 1984 for delivery management of a fetus with |
myelomeningocele by prelabour caesarean section.{ Nine cases were reported, four of
which were diagnosed antenatally and delivered by lower uterine segment caesarean
section (Chervenak et al., 1984). No antenatal ultrasonic data are presented to

form an opinion of intrauterine limb movement as an assessment of neurological function
antenatally, although neonatal limb function is presented in the four cases delivered by

caesarean section.

Reports on the role of trauma during labour and delivery in the neurological function of
patients with myelomeningoceles have been varied. Shurtleff et al. (1987) compared
neurological function in infants delivered by prelabour caesarean section and postlabour
vaginal delivery. High-level lesions incompatible with independent ambulation were seen
in 15% of the prelabour section patients versus 39% of the postlabour-delivered children.

Independent ambulators were seen after 48% of section deliveries and 14% after labour.

Other studies have shown no differences in outcome following either vaginal or caesarean
section delivery. Bensen et al. (1988) were not able to demonstrate differences in
developmental status or mortality in a group of 72 patients born either by caesarean
section or vaginal delivery. Sakala and Andree (1990) retrospectively reviewed a variety
of functions mediated by the spinal cord in vaginally and caesarean section delivered
myelomeningocele patients and could not detect differences attributable to route of
delivery. Hadi et al. (1987) reported that disruption of the arachnoid was not seen in
vaginally delivered patients. In a study of 280 patients with myelomeningocele, Cochrane
et al. (1991) have concluded that elective caesarean section did not offer a spinal cord or
ambulatory advantage over vaginal delivery for those pregnancies presenting in a vertex
fashion, but should be reserved for those presenting breech or who have other obstetrical

indications for operative delivery.



30

The role played by the mode of delivery in the outcome of a myelomeningocele
pregnancy is uncertain, partly because of the difficulty in knowing the functional
neurological status of the infant prior to delivery. The role of caesarean section is as yet
unsettled in myelomeningocele, except in a breech presentation and where other obstetric
indications exist (Cochrane et al., 1991). Some studies have advocated the caesarean\
section route of delivery as being advantageous to the infant's neurological status
(Campbell, 1977; Chervernak et al., 1984; Shurtleff et al., 1987), whilst others report it

not advantageous (Bensen et al., 1988; Sakala and Andree, 1990; Cochrane et al., 1991).
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II1.4 POSTNATAL FACTORS

I11.4.1 DEFECT CLOSURE

The arguments concerning whether or when to close the defect in a case of
myelomeningocele, have vexed clinicians for many years. The case for closure in all

myelomeningoceles has been put forward as have arguments for selection prior to closure.

Without surgery, the chances of survival of a child born with a myelomeningocele were
slim. Laurence (1966) described the natural history of untreated spina bifida cystica in his
study of 426 cases of spina bifida cystica and encephalocele from South Wales, born
between 1956-1962, before active surgical management for the spinal lesion was readily
available in the area. He followed the survivors for between two and a half and nine and
a half years. He showed that in the absence of surgery only 16% of these cases survived,
and that if one excluded the stillbirths and early neonatal deaths as potentially not
salvageable, only 60% were salvageable with surgery. In a further follow-up of these
patients, 15% of the liveborn myeloceles survived to 4 years of age, 70% were
moderately or severely physically disabled and 34% had an intelligence quotient above or
within the normal range. Only 4,25% of liveborn meningoceles and myeloceles survived
with normal or near normal physical capacities and intelligence quotients above 85

(Laurence & Tew, 1966).

Since 1950, the role of surgery has played an ever increasing role in the newborn with a
myelomeningocele. Chambers (1950) from Indiana reported on improved function and
survival in ten babies born with myelomeningocele who were operated on soon after
birth. A delay in surgery of 9 hours to 16 days post delivery was specified in only 7
cases, with no delay specified for the remainder. The 'good' results claimed were for the
7 cases where the delay was specified. These results although not conclusive suggested
that early closure of the defect improved the outcome of the infant. Doran and Guthkelch

(1961) in their retrospective study of 243 cases of myelomeningocele from Manchester,



32

136 of whom were closed between 3 and 12 months of age, concluded that the
repair of the defect did reduce the risk of death from meningitis and rarely caused any
deterioration in neurological status. They also felt that early operation (within 48 hours)

was not advantageous to the neurological deficit.

In the next few years the focus shifted beyond the survival of the infants receiving early
surgery, to other benefits arising from the closure of the defect. Guthkelch (1962)
reported on 97 patients who were operated on at varying intervals post delivery (range

0 - 24 months), 7 within the first week of life and a further 13 within 1 month. He could
find no difference in muscle power between children operated on early or late, except that
his ‘early’ cases extended well beyond the 48 hours suggested by others (cf. Sharrard et
al., 1963). The following year, Sharrard et al. published their controlled trial of
immediate and delayed closure in spina bifida cystica. They randomly allocated 40 infants
admitted within 48 hours of birth into two groups either for immediate closure of the
defect or not. Despite the limited sample size their results suggest that early closure of the
defect (within 48 hours of birth) reduces mortality, local sepsis, meningitis, ventriculitis,
the duration of hospital stay, and the extension of muscle paralysis present at birth. Their
recommendation for the latter is that a temporary neuropraxial type of lesion of spinal
cord or nerve roots develops during labour, and that these consequences are reversed by
the immediate closure (Sharrard et al., 1963; Zachary, 1965). Sharrard et al. (1967)
published a larger series of 526 infants born between 1955 and 1962 with open
myelomeningocele and followed-up in 1966. The spinal lesion was closed within the first
four days in 274 infants and the others were treated by initial conservative management.
This larger series showed that the mortality of operation during the first four days of life
(48,8%) is significantly less than that of conservative management (67,8%). Infants who
had closure of the spinal lesion on the first day of life had the best chance of survival.

The improvement in limb function shown in their previous study was confirmed,
especially if closure was performed on the first day of life, but operation within 4&hours
of birth gave similar results. Brocklehurst et al. (1967) challenged this finding. They

reported on the outcome of 25 consecutive infants with open myelomeningocele,
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who were studied before and after closure. Clinical assessment postoperatively

indicated that although there may be apparent improvement in voluntary function in some
cases within the first few weeks, there was no significant increase in useful leg function
compared with preoperative levels. At three months of age, 19 out of 22 survivors were
unchanged. The number of infants is small and it is of note that 15 of the 25 infants had
sensory levels above L1 preoperatively and would have in any case been paraplegic.
Smyth et al. (1974), in their study on delayed closure substantiated this finding. They
conducted a controlled trial of 99 patients with a lumbar or lumbosacral
myelomeningocele, which was not leaking and was not complicated by hydrocephalus at
birth (head circumference <38 cm.) from 1965-1970. The children were randomly
allocated to one of two groups: early closure (<48 hrs.) or delayed closure (>48 hrs.).

No difference in muscle power could be shown between\the groups. Forty two (42,4%)
died within the first year of life, especially the infants with reduced muscle power (the
higher lesions). Boston and Wilkinson (1979) suggested that an initial non-surgical
approach did not result in any deterioration. In a retrospective analysis they compared the
outcome of 88 patients with thoracolumbar myelomeningoceles with a neurological deficit
below L1, born in 1976-1977 and not operated on, with 76 patients with the same
condition from 1964-1971 who were operated on. Mortality was found to be significantly
lower in the surgically treated group only over the age of three months. Fewer of their
infants in the untreated group developed progressive hydrocephalus and the neurological
status of the survivors at a year of age was the same in both groups. Ventriculitis
occurred in 26% of the surgically treated group and of the 50 with hydrocephalus, 16
developed ventriculitis, while none of the 11 without hydrocephalus developed this
complication. They suggested that as early surgery increased the incidence of progressive
hydrocephalus and ventriculitis, and might increase survival of more disabled infants,

non-surgical treatment was justified since survivors are no worse off,

Laurence (1964) published his findings on 407 cases of spina bifida cystica born between
1947 and 1956 and treated in the London area. Three hundred and sixty eight had

myeloceles, of whom 160 had surgery, at varying times some over three months post










































































































































































































































































































































































































































































































































































