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features are poor indicators of the diagnosis or
whether there is an isolated or multiple
pituitary deficiency. In the neonatal period and
after cranial irradiation there are clearer indica-
tions for testing.
The authors consider that growth hormone

measurements remain a valid investigation in
order to provide biochemical support for sub-
sequent growth hormone treatment. Despite
the statistical constraints of the tests the like-
lihood that a slowly growing child is growth
hormone insufficient is increased twofold in
the presence of a positive test but only
decreased by half in the presence of a negative
one. Improving the probability of the presence
of a growth hormone secretory disorder is par-
ticularly important if general practitioners are
to be asked to prescribe and, therefore, to take
some shared responsibility for the prescription.
Also, detailed evaluation would seem to be a
prerequisite for outcome audit and research
purposes. Advances in cellular and molecular
biology will gradually clarify the diagnosis of
idiopathic isolated growth hormone insuffi-
ciency but these techniques will only be as
good as the defined phenotype.
We thank the following paediatric endocrinologists for their
help and advice in the preparation of this manuscript: C G D
Brook, M D C Donaldson, CJ Kelnar, M 0 Savage, S Shalet,
and R Stanhope.

1 Shah A, Stanhope R, Matthew D. Hazards of pharmaco-
logical tests of growth hormone secretion in childhood.
BMJ 1992; 304: 173-4.

2 Hughes IA. Handbook of endocrine investigations in children.
London: Wright, 1986.

3 Plumpton FS, Besser GM. The adrenocortical response to
surgery and insulin induced hypoglycaemia in corti-
steroid treated and normal subjects. Br J Surg 1969; 56:
216-9.

4 Crowley S, Hindmarsh PC, Honour JW, Brook CGD.
Assessment of cortisol secretion in children with asthma
treated with inhaled steroids. Pediatr Res 1993; 33 (suppl):
S13, 61.

5 Hindmarsh PC, Brain CE, Robinson ICAF, Matthews DR,
Brook CGD. The interaction of growth hormone releas-
ing hormone and somatostatin in the generation of a GH
pulse. Clin Endocrinol (Oxf) 199 1; 35: 353-60.

6 Sox HC Jnr. Probability theory in the use of diagnostic tests.
Ann Intern Med 1986; 104: 60-6.

7 Pauker SG, Kopelman RI. Interpreting hoofbeats: can
Bayes help clear the haze. N Engl J Med 1992; 327:
1009-13.

8 Marin G, Domene HM, Barnes KM, et al. The effects of
estrogen priming and puberty on the growth hormone
response to standardized treadmill exercise and arginine-
insulin in normal girls and boys. J Clin Endocrinol Metab
1994; 79: 537-41.

9 Rose SR, Ross JL, Uriarte M, Barnes KM, Cassorla FG,
Cutler GB Jnr. The advantage of measuring stimulated as
compared with spontaneous growth hormone levels in the
diagnosis of growth hormone deficiency. N Engl J Med
1988; 319: 201-7.

10 Dattani MT, Pringle PJ, Hindmarsh PC, Brook CGD.
What is normal stimulated growth hormone concentra-
tion?JEndocrinol 1992; 133: 447-50.

11 Hindmarsh PC, Smith PJ, Taylor BJ, Pringle PJ, Brook
CGD. Comparison between a physiological and pharma-
cological stimulus of growth hormone secretion: response
to stage IV sleep and insulin-induced hypoglycaemia.
Lancet 1985; ii: 1033-5.

12 King JM, Price DA. Sleep-induced growth hormone release
- evaluation of a simple test for clinical use. Arch Dis Child
1983; 58: 220-2.

13 Youlton R, Kaplan SL, Grumbach MM. Growth and
growth hormone. IV. Limitations of the growth hormone
response to insulin and arginine in the assessment of
growth hormone deficiency in children. Pediatrics 1969;
43: 989-1004.

14 Health Services Human Growth Hormone Committee.
Comparison of the intravenous insulin and oral clonidine
tolerance tests for growth hormone secretion. Arch Dis
Child 1981; 56: 852-4.

15 Blum WF, Ranke MB, Keitzmann K, Grauggel B, Zeisel H,
Bierich JR. A specific radioimmunoassay for the
growth hormone (GH)-dependent somatomedin-binding
protein: its use for diagnosis of GH deficiency. J Clin
EndocrinolMetab 1990; 70: 1292-8.

16 Butler GE, McKie M, Ratcliffe SG. The cyclical nature of
prepubertal growth. Ann Hum Biol 1990; 17: 177-98.

17 Hindmarsh PC, Smith PJ, Brook CGD, Matthews DR. The
relationship between growth velocity and growth hormone
secretion in short prepubertal children. Clin Endocrinol
(Ox]) 1987; 27: 581-91.

18 Albertsson-Wikland K, Rosberg S. Analyses of 24-hour
growth hormone profiles in children: relation to growth. Jf
Clin Endocrinol Metab 1988; 67: 493-500.

19 Spadoni GL, Cianfarani S, Bernardini S, et al. Twelve hour
spontaneous nocturnal growth hormone secretion in
growth retarded patients. Clin Pediatr (Phila) 1988; 27:
473-8.

20 Donaldson DL, Hollowell JG, Pan F, Gifford RA, Moore
WV. Growth hormone secretory profiles. Variation on
consecutive nights. Jf Pediatr 1989; 115: 51-6.

21 Albertsson-Wikland K, Rosberg S. Methods of evaluating
spontaneous growth hormone secretion. In: Ranke MB,
ed. Functional endocrinologic diagnostics in children and
adolescents. Mannheim: Verlag, 1992: 76-101.

22 Saini S, Hindmarsh PC, Matthews DR, et al.
Reproducibility of 24-hour serum growth hormone
profiles in man. Clin Endocrinol (Oxf) 1991; 34: 455-62.

23 Brook CGD, Hindmarsh PC, Healy MJR. A better to detect
growth failure. BMJ 1986; 293: 1186.

24 Cole TJ. Do growth chart centiles need a face-lift? BMJ
1994; 308: 641-2.

25 Lippe B, Wong SR, Kaplan SA. Simultaneous assessment
of growth hormone and ACTH reserve in children pre-
treated with diethylstilbestrol. Jf Clin Endocrinol Metab
1971; 33: 455-62.

26 Taylor B, Brook CGD. Sleep EEG in growth disorders.
Arch Dis Child 1986; 61: 754-60.

27 Stanhope R, Adlard P, Hamill G, Jones J, Skuse D, Preece
MA. Physiological growth hormone (GH) secretion
during the recovery from psychosocial dwarfism: a case
report. Clin Endocrinol (Ox]) 1988; 28: 335-9.

28 Sukegawa I, Hizuka N, Takano K, et al. Measurement of
nocturnal urinary growth hormone values. Acta Endocrinol
(Copenh) 1989; 121: 290-6.

29 Skinner AM, Clayton PE, Price DA, Addison GM, Mui
CYW. Variability in the urinary excretion of growth
hormone in children: a comparison with other urinary
proteins. 7 Endocrinol 1993; 138: 337-43.

30 Albini CH, Quattrin T, Vandlen RL, MacGillivray MH.
Quantitation of urinary growth hormone in children with
normal and abnormal growth. Pediatr Res 1988; 23:
89-92.

31 Walker JM, Wood PJ, Williamson S, Betts PR, Evans AJ.
Urinary growth hormone excretion as a screening test for
human growth hormone deficiency. Arch Dis Child 1990;
65: 89-92.

32 Phillip M, Chalew SA, Sten MA, Kowarski AA. The value
of urinary growth hormone determination for assessment
of growth hormone deficiency and compliance with
growth hormone therapy. Am J Dis Child 1993; 147:
553-7.

33 Department of Health. Anterior pituitary function tests in
childhood. London: DoH, 1992.

34 Gale EAM, Bennet T, MacDonald IA, Holst JJ, Matthews
JA. The physiological effects of insulin-induced hypogly-
caemia in man: responses at differing levels of blood
glucose. Clin Sci 1983; 65: 263-71.

35 Littley MD, Gibson S, White A, Shalet SM. Comparison of
the ACTH and cortisol responses to provocative testing
with glucagon and insulin hypoglycaemia in normal
subjects. Clin Endocrinol (Ox]) 1989; 31: 527-33.

36 Spathis GS, Bloom SR, Jeffcoate WJ, et al. Subcutaneous
glucagon as a test of the ability of the pituitary to secrete
GH and ACTH. Clin Endocrinol (Ox]) 1974; 3: 175-86.

37 Rao RH, Spathis GS. Intramuscular glucagon as a provoca-
tive stimulus for the assessment of pituitary function;
growth hormone and cortisol responses. Metabolism 1987;
36: 658-63.

Commentary
It is now more than 30 years since the induc-
tion of hypoglycaemia was described as a way
of manipulating growth hormone secretion.1
The ITT, which can also provide an assess-
ment of ACTH reserve, has been an estab-
lished method to measure growth hormone
secretion primarily in short children and stress
related cortisol secretion primarily in adults
with pituitary disorders. The Health Services
Human Growth Hormone Committee was a
government quango which was remarkably
effective in maintaining a satisfactory standard
of investigation for short children who might
benefit from growth hormone treatment.2
When the government in its wisdom disbanded
the quango, an internationally recognised UK
database of adequately investigated children
receiving growth hormone treatment soon dis-
appeared. To its credit, the Kabi Pharmacia
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International Growth Study has been the only
attempt to partially restore this valuable
resource.3 In the meantime, the paediatrician
has been faced with a plethora of growth hor-
mone tests from which to choose one which is
efficient and safe. Safety is of paramount
importance whatever the nature of the clinical
investigation is; it is therefore not surprising
that the ITT is currently less favoured as a test
of growth hormone secretion in children in
view of a recent report which highlights the
dangers of the procedure when the test is
performed incorrectly.4
Hindmarsh and Swift have produced a

further review of growth hormone tests for
paediatricians to consider. A novel feature of
this one is the attempt to use standard valida-
tion criteria of a diagnostic test (that is sensitiv-
ity, specificity, and coefficients of variation) in
comparing the growth hormone measurement
with growth rate. An ambitious idea as growth
is an amalgam of genetic, nutritional, hor-
monal, metabolic, and psychosocial influences.
Nevertheless, their review does offer a prag-
matic approach to the interpretation of growth
hormone tests that can be used by paediatri-
cians, be they working in general or specialised
units. After all, short children are common-
place and enter the practice arena of all
paediatricians. The ideal goal is to identify a
single bioassay or marker of growth hormone
production and action that is relevant to
growth. Improved knowledge of the neuroen-
docrine control of growth hormone secretion
and its mode of action5 has spawned a number
of promising markers of growth hormone
secretion such as IGF-1 and its binding
proteins.6

However, none of these measurements will
substitute for the additional information which
can be obtained about pituitary function when
employing the ITT. Adult endocrinologists
have shown the way by reporting audits of their
experience with the ITT.78 While accepting
that the clinical indications for using this test

are usually different in adults and children,
paediatricians should now also audit their
practice with the ITT before finally deciding
on their idealised 'gold standard' of growth
hormone secretion. The stimulus for my
producing a series of endocrine menu
protocols and case histories9 arose out of con-
cern for how many children were being
investigated inappropriately and required re-
investigation. Whichever growth hormone test
is chosen and wherever it is performed, we
owe it to our patients to ensure meticulous
attention to protocol details and supervision
by staff who understand the rationale for the
investigation.

I A HUGHES
Department of Paediatrics,
University of Cambridge,
Addenbrooke's Hospital,

Level 8, Box 116,
Hills Road,

Cambridge CB2 2QQ

1 Roth J, Glick SM, Yalow RS, Berson SA. Secretion ofhuman
growth hormone: physiological and experimental modifica-
tion. Metabolism 1963; 12: 577-9.

2 Milner RDG, Bums EC. Investigation of suspected growth
hormone deficiency. Arch Dis Child 1982; 57: 944-7.

3 Ranke MB, Guilband 0, Lindberg A, Cole T. Prediction of
the growth response in children with various growth dis-
orders treated with growth hormone: analyses of data from
the Kabi Pharmacia international growth study. Acta
PaediatrSuppl 1993; 391: 82-8.

4 Shah A, Stanhope R, Matthew D. Hazards of pharmaco-
logical tests of growth hormone secretion in childhood.
BMJ 1992; 304: 173-4.

5 Robinson ICAF. Hypothalamic control of growth hormone
synthesis and secretion. In: Savage MO, Bourguinon J-P,
Grossman AB, eds. Frontiers in paediatric neuroendocrinol-
ogy. Oxford: Blackwell Scientific Publications, 1994:
113-8.

6 Smith WJ, Nam TJ, Underwood LE, Busby WH, Celnicker
A, Clemmons DR. Use of insulin-like growth factor-bind-
ing protein 2 (IGFBP-2), IGFBP-3 and IGF-1 for assess-
ing growth hormone status in short children. Jf Clin
EndocrinolMetab 1993; 77: 1294-9.

7 Pavord SR, Girach A, Price DE, Absalom SR, Falconer-
Smith J, Howlett TA. A retrospective audit of the
combined pituitary function test, using the insulin stress
test, TRH and GnRH in a district laboratory. Clin
Endocrinol (Ox]) 1992; 36: 135-9.

8 Jones SL, Trainer PJ, Perry L, Wass JAH, Besser GM,
Grossman AB. An audit of the insulin tolerance test in
adult subjects in an acute investigation unit over one year.
Clin Endocrinol (Ox]) 1994; 41: 123-8.

9 Hughes IA. Handbook of endocrine investigation in children.
London: Wright, 1986.

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.72.4.367 on 1 A

pril 1995. D
ow

nloaded from
 

http://adc.bmj.com/

