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suppression of growth hormone concentrations. However,
the fine line between the mitogenic and metabolic effects
of IGF-I needs to be carefully defined. In IDDM it could
be argued that reductions in growth hormone hypersecre-
tion, insulin dose, and glycated haemoglobin brought
about by rhIGF-I might lead to a reduced risk for microan-
giopathic complications, but in vitro evidence implicates
tissue production of IGF-I in the development of these
complications. Future studies will have to proceed cau-
tiously, but the application of the effects of rhIGF-I, its
analogues and the IGFBPs in the treatment of diabetes
and catabolism will prove to be an exciting and innovative
field of research.

D B DUNGER
Department ofPaediatrics,
J3ohn Radcliffe Hospital,
Headington,
Oxford OX3 9DU

1 Bondy CA, Underwood LE, Clemmons DR, Guler HP, Bach MA, Skarulis
M. Clinical uses of insulin-like growth factor-I. Ann Intern Med 1994; 120:
593-602.

2 Zapf J, Schoenle E, Froesch ER. Insulin-like growth factors-I and II, some
biological actions and receptor binding characteristics oftwo purified con-
stituents of non suppressible insulin-like activity of human serum. Eur J
Biochem 1978; 87: 285-96.

3 Le Roith D, Sampson PC, Roberts CT. How does the mitogenic insulin-like
growth factor-I receptor differ from the metabolic insulin receptor? Horm
Res 1994; 41 (suppl 2): 74-9.

4 Ballard FJ, Baxter RC, Binoux M, et al. Report on the nomenclature of the
IGF binding proteins. J Clin Endocrinol Metab 1992; 74: 1215-6.

5 Clemmons DR. IGF binding proteins: regulations of cellular actions.
Growth Regul 1992; 2: 80-7.

6 Savage MO, Smith CP, Dunger DB, Gale EAM, Holly JMP, Preece MA.
Insulin and growth factors. Adaptation to normal puberty. Horm Res
1992; 37 (suppl 3): 70-3.

7 Amiel SA, Caprio S, Sherwin RS, Plewe G, Haymond MW, Tamborlan
WV. Insulin resistance of puberty: a defect restricted to peripheral glucose
metabolism. J Clin Endcrinol Metab 1991; 72: 277-82.

8 Hochberg Z, Hertz P, Colin V, Ish-Shalon S, Youdim MBH, Amil T. The
distal axis of growth hormone in nutritional disorders: GH binding
protein, insulin-like growth factor-I (IGF-I) and IGF-I receptors in
obesity and anorexia nervosa. Metabolism 1992; 41: 106-12.

9 Holly JMP, Biddlecombe RA, Dunger DB, et al. Circadian variation of
GH-independent IGF-binding protein in diabetes mellitus and its rela-
tionship to insulin. A new role for insulin? Clin Endocnnol (Oxf) 1988; 29:
667-75.

10 Holly JMP, Smith CP, Dunger DB, et al. The levels of the small MW IGF-
I binding protein are strongly related to those of insulin in prepubertal and
pubertal children but only weakly so after puberty. JEndocrinol 1989; 121:
383-7.

11 Lewitt MS, Denyer GS, Cooney GJ, Baxter RC. Insulin-like growth factor
binding protein-I modulates blood glucose levels. Endocrinology 1991;
129: 2254-6.

12 Dimitriadis G, Parry-Billings M, Piva T, et al. Effects of insulin like growth
factor I on the rates of glucose transport and utilisation in rat skeletal mus-
cle in vitro. BiochemJ 1992; 285: 269-74.

13 Guler HP, ZapfJ, Froesch ER. Short term metabolic effects of recombinant
human insulin-like growth factor I in healthy adults. N Engl J Med 1987;
317: 137-40.

14 Boulware SD, Tamborlane WV, Matthews LS, Sherwin RS. Diverse effects
of insulin-like growth factor I on glucose lipid and amino acid metabolism.
Am J' Physiol 1992; 262: E130-3.

15 Sherwin RS, Borg WP, Boulware SD. Metabolic effects of insulin-like
growth factor I in normal humans. Horm Res 1994; 41 (suppl 2): 97-102.

16 Quin JD, Fisher BM, Paterson KR, Inoue A, Beastall GH, MacCuish AC.
Acute response to recombinant insulin-like growth factor I in a patient
with Mendenhall's syndrome [Letter]. N Engl J Med 1990; 323: 1425-6.

17 Jabri N, Schalch DS, Schwartz SL, et al. Adverse effects of recombinant
human insulin-like growth factor I in obese insulin resistant type II dia-
betic patients. Diabetes 1994; 43: 369-74.

18 Clayton KL, Holly JMP, Carlsson LMS, et al. Loss of the normal relation-
ship between growth hormone, growth hormone binding protein and
insulin like growth factor in adolescents with insulin dependent diabetes
mellitus. Clin Endocrinol (Oxj) 1994; 41: 517-24.

19 Batch JA, Baxter RC, Werther G. Abnormal regulation of insulin-like
growth factor binding proteins in adolescents with insulin-dependent dia-
betes. J Clin EndocrinolMetab 1991; 73: 964-8.

20 Arslanian SA, Menon RK, Gierl AP, Heil BV, Foley Jr TP. Insulin therapy
increases low plasma growth hormone binding protein in children with
new onset type 1 diabetes. Diabetic Med 1993; 10: 833-8.

21 Dunger DB. Diabetes in puberty. Arch Dis Child 1992; 67: 569-70.
22 Taylor AM, Dunger DB, Grant DB, Preece MA. Somatomedin-C IGF-I

measured by radioimmunoassay and somatomedin bioactivity in adoles-
cents with insulin dependent diabetes compared with puberty matched
controls. Diabetes Res 1989; 9: 177-81.

23 Taylor AM, Dunger DB, Preece MA, et al. The growth hormone indepen-
dent insulin-like growth factor-I binding protein BP-28 is associated with
serum insulin-like growth factor-I inhibitory bioactivity in adolescent
insulin dependent diabetes. Clin Endocrinol (Ox]) 1990; 32: 229-39.

24 Brismar K, Fernqvist-Forbes E, Wahren J, Hall K. Effect of insulin on the
hepatic production of insulin-like growth factor-binding protein-I
(IGFBP-1), IGFBP-3, and IGF-I in insulin-dependent diabetes. J Clin
EndocrinolMetab 1994; 79: 872-8.

25 Cheetham TD, Jones J, Taylor AM, Holly JMP, Matthews DR, Dunger DB.
The effects of recombinant insulin-like growth factor-I administration on
growth hormone levels and insulin requirements in adolescents with type I
(insulin-dependent) diabetes mellitus. Diabetologia 1993; 36: 678-81.

26 Cheetham TD, Clayton KL, Taylor AM, Holly J, Matthews DR, Dunger
DB. The effects of recombinant human insulin-like growth factor I
(rhIGF-I) on growth hormone secretion in adolescents with insulin
dependent diabetes mellitus. Clin Endocrinol (Oxf) 1994; 40: 515-22.

Tuberous sclerosis

Tuberous sclerosis is the commonest dominantly inherited
condition causing epilepsy and mental handicap. It has
attracted considerable research interest in the last decade
and in this review we look at some of the new information
on epidemiology, presentation, diagnosis, management,
prognosis and genetics, relating clinical information to the
discovery that the tuberous sclerosis genes are tumour
suppressor genes.

Epidemiology
The clinical expression of tuberous sclerosis is so variable
that the true prevalence of the disease remains unknown.
Two observations suggest the birth incidence is consider-
ably higher than previously estimated: (a) population
based studies consistently identify a higher prevalence of
the disease in childhoodl 2 and (b) studies of children with
the disease are particularly likely to be biased by under
ascertainment of mildly affected cases. Because the preva-
lence of learning difficulties in tuberous sclerosis is now
recognised to be lower than previously documented,3 4 we
predicted the true birth incidence to be at least 1/6000.3 A
recent Swedish study found a prevalence of 1/6800 among
children aged 1 1-15 years.5

Presentation
The majority of individuals with tuberous sclerosis who
present in childhood will have epileptic seizures and the
disease should be considered in every child presenting with
a seizure. Infantile spasms, complex partial and myoclonic
seizures are the commonest seizures encountered. A
significant number (10%) of children presenting with
infantile spasms will have tuberous sclerosis6 and the
diagnosis is important as it will influence treatment (see
below). Learning difficulties or autistic behaviour without
seizures are rarely due to tuberous sclerosis.
A few children will present with skin lesions7 and other

children will be seen because of the complications of
cardiac rhabdomyomas8 or polycystic kidney disease.9
Cardiac rhabdomyomas cause their major problems in
the perinatal and neonatal period and are associated
with hydrops fetalis, heart failure, murmurs, arrhythmias,
and Wolff-Parkinson-White syndrome. At least 80% of
children presenting with cardiac rhabdomyomas will have
tuberous sclerosis.8 The renal cystic disease of tuberous
sclerosis is indistinguishable clinically from autosomal
dominant polycystic kidney disease and usually presents in
infancy with palpable abdominal masses, haematuria,
and/or hypertension. The two conditions are thought to be
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distinguishable histologically.7 We have seen one child
who presented with a squint and this has been reported by
others. 10
A significant number of individuals will not come to

medical attention until a more severely affected family
member is identified. A small number of adolescents and
young adults will present with complications of other
visceral lesions such as renal angiomyolipomas,II giant
cell astrocytomas,7 or rarely pulmonary lymphangio-
myomatosis.

Diagnosis
The diagnosis of tuberous sclerosis will remain a clinical
judgment until DNA techniques allow screening for gene

abnormalities (see below). The criteria currently employed
for gene linkage studies have been modified from Gomez7
and are outlined in the table. Clinical features which
should alert the physician to the possibility of the disease in
an infant include multiple hypomelanic macules (best seen

with an ultraviolet lamp in a darkened room), a forehead
fibrous plaque, a shagreen patch, and a retinal astrocy-
toma. Facial angiofibromas occur from about the age of 4
years, while ungual fibromas and multiple bilateral renal
angiomyolipomas are more likely to present at or after
puberty.
The most useful imaging modalities are cranial com-

puted tomography or magnetic resonance imaging (MRI),
echocardiography in a child, and abdominal ultrasound.
Cranial computed tomography is useful in detecting the
pathognomonic calcified subependymal glial nodules, while
MRI is more accurate at identifying the number and loca-
tion of cerebral cortical and subcortical lesions.12 13 The
appearances of the latter are not always pathognomonic.
Cranial computed tomography and MRI can be normal in
infancy but abnormal later and cranial imaging (computed
tomography and MRI) is normal in about 5% of older
affected individuals even in the presence of seizures.12 MRI
can be normal when computed tomography is not and vice
versa. Echocardiography is most sensitive in early child-
hood and particularly under 2 years when more than 50/o
will have rhabdomyomas.8 14 Abdominal ultrasound can

detect polycystic kidney disease in infancy but is also help-
ful in adolescence when 30-50% will be expected to have
renal andlor hepatic hamartomas. 1 15

Management
The important issues in the management of individuals
and families with tuberous sclerosis are (a) treatment of
seizures, (b) handling of learning disorders and behaviour
difficulties, (c) surveillance for and management of other
complications, (d) giving a prognosis in individual cases,
and (e) genetic counselling.

SEIZURES
It is not known whether early and effective treatment of
seizures will reduce the risk of severe learning difficulties in
tuberous sclerosis but while this possibility exists we

believe that infants who present with seizures, especially
infantile spasms, should be considered an emergency.

Evidence is accumulating that infants with tuberous
sclerosis who present with infantile spasms can respond at
least as favourably to treatment with vigabatrin16 17 as to
more conventional steroid treatment. Long term follow up
of the effects of vigabatrin are not available and optimal
duration of treatment has yet to be defined. A response to
vigabatrin is usually evident within 2-3 days and a reason-

able starting dose is 50-100 mg/kg/day increasing to

150 mg/kg/day if required. Transient drowsiness is
common on this regimen. Our protocol for steroid usage is
60 mg of oral prednisolone/day for a minimum of 14 days,
followed by a reducing dosage. The presence of polycystic
kidney disease might in theory make the risk of systemic
hypertension with steroids a greater problem and careful
monitoring is required. Nitrazepam and sodium valproate
are also useful for infantile spasms. Seizures in infancy and
older children with tuberous sclerosis should be treated
conventionally with carbamazepine, sodium valproate,
phenytoin, and vigabatrin for partial seizures and sodium
valproate for generalised and myoclonic seizures. We
rarely recommend phenobarbitone, clobazam, or clon-
azepam at any age because of their tendency to exacerbate
behaviour problems in tuberous sclerosis. Experience is
limited with both lamotrogine and gabapentin, but both
may prove to be useful.
Does surgery have any place in the management of

intractable epilepsy in tuberous sclerosis? New information
suggest that it might if ictal electroencephalographic
(EEG) discharges clearly correlate with a prominent
cerebral lesion. In a study of nine patients with a mean
follow up period of 35 months, cortical resection or
lesionectomy led to complete seizure control in six (two
without medication) and to a greater than 80% reduction
in seizure frequency in two. Five of those who did well
had additional cortical tubers and four had multifocal
or generalised EEG abnormalities preoperatively. This
improvement arose despite multifocal abnormalities on
neuroimaging.'8 Callosotomy may also be helpful in those
with severe drop attacks.

BEHAVIOUR
Behaviour disorders are common in tuberous sclerosis in
the presence of seizures19 especially if these are poorly
controlled and improvement in seizure control can help
behaviour.20 Autism is recognised as a significant behav-
iour2l but hyperactivity is also problematic and the two do
not always occur together. Self injurious behaviour can be
associated with anticonvulsants especially benzodiazepines
and sleep disorders are common.19 Psychological support,
attention to communication disorders, and an appropriate
social and educational environment especially for those
with severe learning disorder can be invaluable.

SKIN
The cutaneous lesions of tuberous sclerosis are usually
asymptomatic, although facial angiofibromas and ungual
fibromas can cause complications with bleeding after minor
trauma and in some individuals they represent a significant

Current diagnostic criteria used in tuberous sclerosis

Primary diagnostic criteria
Facial angiofibromas
Periungual fibromas
Calcified retinal astrocytomas
Multiple subependymal glial nodules
Multiple cortical tubers

Possible additional primary diagnostic criteria
Multiple bilateral renal angiomyolipomas
Forehead fibrous plaque
Shagreen patch

Diagnostic criteria with an affected first degree relative
Subependymal giant cell astrocytoma (histologically proved)
Cardiac rhabdomyomas (histologically proved or echocardiographic

evidence in childhood)
Single cortical tuber
Single retinal astrocytoma

Secondary diagnostic criteria (two or more needed for diagnosis)
Typical hypomelanic macules
Bilateral polycystic kidneys
Radiographic honeycomb lung (due to pulmonary lymphangiomyomatosis)
Single cardiac rhabdomyoma or renal angiomyolipoma
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cosmetic problem. The best results from treatment appear
to be with laser therapy22 but dermabrasion and cautery can
also be effective and are more readily available in Britain.23
Argon laser or tunable dye laser is thought to be best for
angiomatous lesions while a carbon dioxide laser may be
best for the more fibrous lesions. The best age for treatment
and the recurrence risks are not known.

CARDIAC
Spontaneous resolution of cardiac rhabdomyomas occurs
with time,8 14 24 and the mainstay of treatment for heart
failure and arrhythmias is medical. Cardiac rhabdo-
myomas have been successfully resected and this option
should be considered in neonates with obstructive heart
failure that is unresponsive to medical treatment. In Wolff-
Parkinson-White syndrome the arrhythmias may become
less troublesome with time even if the electrocardiographic
evidence of pre-excitation remains.

RENAL
Angiomyolipomas are the main hamartoma affecting the
kidney in tuberous sclerosis and are well seen on abdomi-
nal ultrasound where they are echogenic. Renal cysts can
also be seen on ultrasound and are echolucent. Renal
carcinomas rarely occur and are usually less echogenic
than angiomyolipomas: where doubt exists computed
tomography will demonstrate fat in an angiomyolipoma.
Renal angiomyolipomas often bleed, presumably because
they are highly vascular and deficient in elastin. Anecdotal
evidence suggests that lesions that are 4 cm or larger are
most likely to rupturell 25 causing haemorrhage which if
retroperitoneal can be life threatening. Haemorrhage into
a lesion can cause pain, fever, and troublesome haema-
turia. Large symptomatic lesions should be evaluated by
angiography and if possible selectively embolised.25 The
disease is often eventually bilateral so that partial
nephrectomy or enucleation of a peripheral lesion may be
appropriate in some cases but nephrectomy should if
possible be avoided. We recommend five yearly renal
ultrasound scans for all individuals with tuberous sclero-
sis and annual scans as soon as an abnormality is
detected. End stage renal failure due to angiomyolipomas
is uncommon in the absence of nephrectomy but the out-
look after renal transplantation is good.26 The polycystic
kidney disease of tuberous sclerosis usually presents in
infants and young children but can occur in adults and
is managed conventionally. Multiple hamartomatous
changes with cysts and small angiomyolipomas may
represent a 'double hit' (see genetics section) at the
earliest stage in renal development and may be associated
with a higher risk of renal failure.

GIANT CELL ASTROCYTOMAS
Giant cell astrocytomas in individuals with tuberous
sclerosis commonly obstruct the exit of the third ventricle
and present with vomiting, visual loss, headaches, ataxia,
or a change in behaviour, but only occasionally with a
deterioration in seizure control. They are a slow growing
tumour and have been successfully removed neuro-
surgically so that they have a better outlook than ordinary
astrocytomas with a giant cell component.27 There is no
convincing evidence that radiation treatment provides a
better survival rate or reduces the likelihood of tumour
recurrence. We do not recommend screening for these
lesions as they tend to become symptomatic at an early
stage and new lesions can occur within months of a
previously clear cranial scan.

Prognosis
More than half of affected individuals are now recognised
to have normal intellect.3 Children with tuberous sclerosis
who do not develop seizures in the first five years of life are
very unlikely to develop leaming difficulties but the earlier
the onset of seizures the greater the risk of severe learning
difficulties.28 Developmental regression with onset of
seizures and improvement with seizure control is com-
monly experienced and has been reported.20 Males with
the disease appear to have a greater incidence of early
onset seizures including infantile spasms and they have a
worse outlook for seizure control and cognitive develop-
ment.28 There is no reliable relationship between the find-
ings on cerebral computed tomography or MRI and
cognitive outcome.'2 While the risk is greatest with a high
number of lesions, the smallest of lesions can be associ-
ated with severe learning difficulties and a large number of
lesions can occur in a normal individual - especially a
female.29 Shepherd et al have outlined the cause of death
among patients with tuberous sclerosis attending the
Mayo Clinic and recorded a reduced survival curve
compared with normal white Americans.30 The excess
mortality was due largely to status epilepticus, renal
disease, or giant cell astrocytomas. The absence of adults
with tuberous sclerosis in epidemiological studies may be
due in part to the increased fatality from seizures in the
past.

Genetics
Linkage of tuberous sclerosis to markers on chromosome
9q was first reported in 19873' but it soon became clear
that there is genetic heterogeneity. The gene on chromo-
some 9 was called TSC1. Using tuberous sclerosis fami-
lies in which data had excluded linkage to chromosome 9,
Kandt et al revealed an important tuberous sclerosis locus
on the proximal side of the polycystic kidney disease type
1 (PKD1) gene on chromosome 16p 13.32 The European
chromosome 16 tuberous sclerosis consortium have since
identified a gene designated TSC2 which is interrupted by
all five deletions they detected at 16pl3.3.33 No signifi-
cant phenotypical differences have been discovered
between TSC1 and TSC2. The TSC2 gene produces a
shortened 5 5 kb transcript which is widely expressed and
its protein product, tuberin, has a region of homology to
the GTPase-activating protein GAP3 which is a member
of a family of proteins involved in regulation of cell prolif-
eration and differentiation.33 The reduced expression of
TSC2 in affected individuals suggests that constitutional
mutations in tuberous sclerosis are likely to be inactivating
and that the gene is likely to behave as a tumour sup-
pressor gene. The patchy focal nature of tuberous sclero-
sis associated lesions and the loss of heterozygosity that
they exhibit34 suggest that reduction to the homozygous
state is required before cellular growth and differentiation
become disordered - Knudson's 'two hit hypothesis'. A
similar combination of inactivating constitutional and
somatic mutations has been clearly demonstrated in
retinoblastoma and neurofibromatosis type I. This would
explain the increasing risk with age of hamartoma
formation in tuberous sclerosis, as well as the occasional
individual without other signs of the disease who develops
a hamartoma commonly associated with it such as a
renal angiomyolipoma. These individuals have had two
somatic mutations and do not have an inherited con-
stitutional mutation. The gene for TSC2 is so close to the
gene for adult polycystic kidney disease that at least one
individual with tuberous sclerosis and severe infantile
polycystic kidney disease has a deletion affecting both
genes.
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GENETIC COUNSELLING
About two thirds of cases are new mutations. Genetic
counselling to affected parents is straightforward as non-
penetrance is a rare event35 so their offspring have a 50:50
risk of being affected and affected individuals have a
60-70% risk of seizures and a 50% risk of learning diffi-
culty. Counselling apparently normal parents about the risk
of a second affected child is more difficult. Accurate coun-
selling can only be given after full clinical examination of
both parents, including ultraviolet light examination of the
skin in a darkened room and direct fundoscopy through
dilated pupils. Although rarely helpful, cranial computed
tomography and renal ultrasound should also be offered as
a positive finding significantly alters the risk assessment.
Single renal cysts are ignored but polycystic disease or
angiomyolipoma are significant. Echocardiography for
genetic counselling is unreliable36 and skeletal survey is
unhelpful,37 but echocardiography is helpful in screening
the at risk newborn. Siblings of an affected isolated case
should be offered the same screening as their parents
because it is known that parents have a 2% recurrence risk
even if they have been previously screened. Antenatal diag-
nosis is now possible for very large affected kindreds who
show clear linkage to chromosome 16 but not for other
families. Gene deletions are difficult to detect but where
detected offer more reliable diagnosis than linkage: at pres-
ent this remains a research technique. With the exception of
very large families, those families who link to the TSC1
gene on chromosome 9 or who are too small for linkage
analysis will have to wait for further progress in the isolation
of the gene before DNA techniques will help them.
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Use of registers in child health

The role of registers in the planning and provision of
health care for children and in health services research has
been much debated over the last 20 years. Recently, in the
UK, the debate has focused on the resource implications of
maintaining registers,l on concerns about confidentiality,2
and on organisational changes in the NHS which appear to
threaten the infrastructure of many regionally based infor-
mation systems, including registers.3

It is timely, therefore, to consider the aims and objec-
tives of registers, the extent to which these are fulfilled, and

to respond to the challenge that some of these objectives
could be met in other ways. From these considerations, I
hope the essential and unique characteristics of registers
will emerge together with some of the problems of setting
them up and maintaining them.

Definition of a register
A register is a list of children with a particular predefined
attribute. This attribute is usually a disease or condition
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