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Growth and growth hormone secretion in paediatric Cushing’s
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ABSTRACT

Although paediatric Cushing’s disease is rare, it is associated with severe morbidity in childhood
and presents a major diagnostic and therapeutic challenge for the paediatric endocrinologist. Growth
failure remains an important feature of paediatric Cushing’s disease, both at diagnosis and after
successful treatment. However, the development of specific diagnostic tests and important thera-
peutic advances has contributed significantly to the current management. Transsphenoidal pituitary
surgery (TSS) is now accepted as first-line therapy for both adult and paediatric Cushing’s disease,
offering the best opportunity for cure while preserving normal pituitary function. The cure rate
following TSS in our centre is currently 62%; therefore, a significant proportion of children follow-
ing TSS will remain uncured. Our favoured second-line therapy is pituitary radiotherapy, which is
effective, rapid and appears to spare anterior pituitary function, with the exception of GH secre-
tion. Growth failure was a symptom at diagnosis in 74% of patients; mean height SDS -1.81
(-0.28 to -4.17) compared with mean BMI SDS 2.29 (1.72-5.06). Height velocity (HV) was also sub-
normal; range 0.9 - 3.8 cm/yr. Chronic hypercortisolaemia suppresses linear growth and a history
of symptoms for >2 years was obtained in 72% of our paediatric patients with Cushing’s disease. In
our series, 9 out of 10 patients did not demonstrate catch-up growth 0.64 years after TSS or pitu-
itary radiotherapy and peak serum GH level to glucagon/ITT stimulation was 0.5 - 20.9 mU/l. As-
sessment of GH secretion over a period of 6 to 108 months after cure of paediatric Cushing’s disease
suggests that impaired GH secretion may persist into adult life. Investigation of possible GHD is
performed in our unit in all post-cure patients who do not show optimal catch-up growth. If GH
secretion is subnormal, GH replacement is started early and continued until final height, when GH
secretion is reassessed. In our series of 10 patients, 9 received GH therapy, combined in 3 with a
GnRH analogue to arrest puberty. The results of this treatment were satisfactory with mean height
deficit compared with target height improving significantly from mean —-1.72 * 1.26 SDS at diagno-
sis to -0.93 = 1.13 SDS (p=0.005) at final height or latest assessment, indicating that a favourable
final height can be achieved.
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INTRODUCTION

Paediatric Cushing’s disease is rare, but is never-
theless associated with severe morbidity and presents
a major diagnostic and therapeutic challenge for the
paediatric endocrinologist. There are few large series
of paediatric patients with Cushing’s disease in the
literature. Of those that exist, the publications by the
group of Chrousos at NIH remain pre-eminent' and
clearly describe the state-of-the-art approaches to cur-
rent diagnostic and therapeutic strategies. As at NIH,
we have embraced the concept of close paediatric and
adult endocrinology co-operation in the management
of this difficult disorder® In fact, with the possible
exception of the unit of Grumbach in San Fransisco®,
single paediatric endocrine centres have had difficul-
ty acquiring sufficient experience to be confident in
managing paediatric Cushing’s disease.

ADVANCES IN THE DIAGNOSIS OF CUSHING’S
DISEASE

In the past 20 years, the development of three spe-
cific diagnostic techniques has contributed significantly
to the current management of Cushing’s disease.
These are the CRH test, state-of-the-art radiological
imaging of the pituitary gland and bilateral inferior
petrosal sinus catheterisation. The CRH test, which
demonstrates an exaggerated serum cortisol response
in patients with Cushing’s disease, is now accepted as
part of the protocol for investigation of possible Cush-
ing’s syndrome in both adults and children'***. Pitu-
itary imaging is also routinely performed to attempt
to identify a corticotroph microadenoma. In the pae-
diatric NIH series, 52% of patients were reported to
have an abnormal pituitary MRI consistent with the
presence of an adenoma'. We have found pituitary
imaging relatively unhelpful®” with <10% of paediat-
ric patients demonstrating an abnormality, which was
subsequently identified at surgery to be the microad-
enoma responsible for Cushing’s disease. Neverthe-
less, high quality pituitary imaging remains a poten-
tially important and necessary investigation.

Bilateral inferior petrosal sinus catheterisation with
sampling for ACTH (IPSS) was developed at NIH"®
and is now performed in most centres of adult endo-
crinology managing significant numbers of patients
with Cushing’s disease®. Its practice in children has
been slower in becoming established, mainly because

of lack of experience due to the rarity of paediatric
Cushing’s disease. We have now performed IPSS as
part of the diagnostic protocol in over 15 paediatric
patients with Cushing’s disease. Localisation of the
microadenoma, by demonstration of an interpetrosal
sinus ACTH gradient of >1.4 indicating lateralisation
of hormone secretion, is of value and directly linked
to successful outcome of TSS’.

CURRENT THERAPEUTIC APPROACH
IN PAEDIATRIC CUSHING’S DISEASE

A number of important therapeutic advances have
occurred in the past two decades. Perhaps the most
significant is the development of transsphenoidal pi-
tuitary surgery (TSS). This surgical technique is now
accepted as the first choice of therapy for both adult
and paediatric Cushing’s disease”'". Although tech-
nically difficult, particularly in children, removal of
the corticotroph microadenoma responsible for Cush-
ing’s disease offers the best opportunity for cure while
retaining normal pituitary function.

Following TSS, even in the most skilled hands, a
significant proportion of children will remain uncured,
when a post-operative cortisol value of <50 nmol/l is
considered a key criterion of cure®". Currently in our
centre, in 21 children and adolescents with Cushing’s
disease, the cure rate is 62% following TSS’. Three
possible second-line therapies exist after unsuccess-
ful TSS. These are: repeat TSS, pituitary radiothera-
py and bilateral adrenalectomy. Our favoured choice
is pituitary radiotherapy, which is effective, rapid and
appears to spare anterior pituitary function, with the
exception of GH secretion*'. Bilateral adrenalecto-
my is associated with risk of Nelson’s syndrome?>'>!®
and is therefore currently not recommended.

GROWTH AT DIAGNOSIS OF CUSHING’S DISEASE
IN CHILDREN

It is well recognised that chronic hypercortiso-
laemia suppresses linear growth"'7**, In 19 paediatric
patients with Cushing’s disease, growth failure was
volunteered as a symptom at diagnosis in 74%, with a
mean height SDS of -1.81 (-0.28 to -4.17)’. This con-
trasted strikingly with a mean BMI SDS of 2.29 (1.72
- 5.06). Height velocity was subnormal, ranging from
0.9 - 3.8 cm/year. The broad range of height SDS val-
ues (Figure 1) shows that height at diagnosis is not
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Figure 1. Height SDS and body mass index (BMI) SDS values at
diagnosis in 19 patients with paediatric Cushing’s disease.

always abnormal and is probably related to the length
of history. Interestingly, we have found that parents
frequently do not realise that their child is developing
Cushing’s syndrome. This often leads to a long dura-
tion of symptoms before medical attention is sought
and the diagnosis is made. A history of symptoms for
>2 years was obtained in 72% of our patients’. Con-
sequently, there is frequently a protracted period of
symptomatology during which short stature can de-
velop.

The mechanism of growth failure in Cushing’s dis-
ease is complex. It has been suggested that there is
reduced bioactivity of IGF-1”, although serum IGF-1
levels are usually normal'®". Magiakou elegantly dem-
onstrated reduced physiological GH secretion at di-
agnosis'”. We do not routinely assess GH secretion
before treatment.

Adrenal androgens may be normal or elevated in
children with Cushing’s disease. In a small series of
patients, levels of androstenedione and DHEA-S, af-
ter conversion to SD scores, were not significantly
abnormal®. However, virilization is frequent at diag-
nosis indicating increased exposure to androgens.
Bone age was delayed in 14/16 patients at diagnosis®.
This suggests that hypercortisolaemia has a predomi-
nant delaying effect on skeletal maturation, compared
with adrenal androgens, and many children and ado-
lescents have potential for catch-up growth after cure
of their Cushing’s disease.

EFFECT OF TREATMENT OF PAEDIATRIC
CUSHING’S DISEASE ON GH SECRETION

Successful treatment by TSS can be associated with
GH deficiency. This was demonstrated in the paedi-
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atric NIH series” and in adults'. Adults, however,
recovered normal GH secretion 2 years after cure of
Cushing’s disease’®. We have reported that GH defi-
ciency was present in the majority of patients who were
successfully treated. This was the case during the first
year after cure by TSS* or by pituitary radiotherapy"
(Figure 2). Assessment of GH secretion over a longer
period of 6 to 108 months after cure of paediatric
Cushing’s disease has recently been performed®. Out
of 13 patients, normal GH secretion, i.e. peak GH
>30 mU/l, was only documented in 3, suggesting that
impaired GH secretion may well persist into adult life,
although it may not be severe enough to justify GH
replacement therapy.
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Figure 2. Peak GH levels after stimulation with ITT or glucagon in
9 patients with paediatric Cushing’s disease treated with pituitary
radiotherapy.

OPTIMIZATION OF LINEAR GROWTH AFTER
CURE OF PAEDIATRIC CUSHING’S DISEASE

The normalization of growth and final adult height
in patients cured of Cushing’s disease in childhood
presents a major challenge to the paediatric endocri-
nologist. One might expect spontaneous catch-up
growth to occur after cure, when hypercortisolaemia
is no longer present. However, post-operative growth
may be disappointing with a sub-optimal pubertal
growth spurt and failure to achieve normal adult
height'”". Our experience agrees with this finding since
during an interval of 0.64 years after TSS or pituitary
radiotherapy, 9 out of 10 patients in our series failed
to show clear evidence of catch-up growth®. These
patients were therefore tested for GH deficiency,
which was present to some degree (peak GH to glu-
cagon/ITT stimulation 0.5 - 20.9 mU/l) in all 9. Growth
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hormone deficiency was also demonstrated in the pa-
tients who were treated by pituitary radiotherapy™.

Investigation of possible GH deficiency is now rou-
tine in our unit in all post-cure patients who do not
show optimal catch-up growth. If GH secretion is sub-
normal, GH replacement is initiated early and con-
tinued until final height, when GH secretion is again
assessed. In our series of 10 patients, 9 received GH
therapy, combined in 3 with a GnRH analogue to ar-
rest puberty®. The results of this treatment were sat-
isfactory, with mean height deficit compared with tar-
get height improving significantly from mean —1.72 +
1.26 SDS at diagnosis to —-0.93 = 1.13 SDS (p=0.005)
(Figure 3) at final height or latest assessment®".
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Figure 3. Delta height SDS (height SDS - target height SDS) in 10
patients with paediatric Cushing’s disease at presentation (left panel)
and at final height or latest assessment (right panel). * P=0.005.

CONCLUSIONS

Growth failure is an important feature of paediat-
ric Cushing’s disease, both at diagnosis and after suc-
cessful treatment. From the diagnostic point of view,
the contrast between subnormal height and excessive
weight at the time of presentation would favour a di-
agnosis of Cushing’s syndrome. It should be remem-
bered that most children with simple obesity have tall
rather than short stature. After successful cure, GH
status should be urgently assessed. We would advise
against a prolonged period of observation, based on
the assumption that optimal spontaneous catch-up
growth will occur. In our experience this is infrequent.
The combination of sub-normal GH response to prov-
ocation and sub-optimal catch-up growth is, in our
view, a basis for prompt GH replacement, combined
in pubertal patients with GnRH analogue therapy.
Long-term growth and final adult height on this regi-

men has not yet been formally assessed; however, the
early results are encouraging® and suggest that a final
adult height within the parental target is likely to be
achieved.

This paper is based on a lecture, delivered by Prof.
M. Savage on the occasion of the 7th annual meeting
of the Hellenic Society for the Study and Application
of Growth Hormone, held on 7 December 2002.
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