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SUMMARY

Background: Diseases of the pituitary gland can lead to
the dysfunction of individual hormonal axes and to the
corresponding clinical manifestations. The diagnostic as-
sessment of pituitary function has not yet been standardized.

Methods: The members of the Neuroendocrinology Section
and the Pituitary Study Group of the German Society for
Endocrinology (Deutsche Gesellschaft fiir Endokrinologie)
prepared outlines of diagnostic methods for the evaluation
of each of the pituitary hormonal axes. These outlines
were discussed in open session in recent annual meetings
of the Section and the Study Group.

Results: For the evaluation of the thyrotropic axis, basal
TSH and free T4 usually suffice. For the evaluation of the
gonadotropic axis in men, the testosterone level should be
measured; if the overall testosterone level is near normal,
then calculating the free testosterone level may be addi-
tionally useful. In women, an intact menstrual cycle is suf-
ficient proof of normal function. In the absence of regular
menstruation, measurement of the basal estradiol and
gonadotropin levels aids in the diagnosis of the disturb-
ance. For the evaluation of the adrenocorticotropic axis,
the basal cortisol level may be helpful; provocative testing
is in many cases necessary for precise characterization.
The evaluation of the somato-tropic axis requires pro-
vocative testing. Aside from the insulin tolerance test, the
GHRH-arginine test has become well established. Refer-
ence ranges normed to the body mass index (BMI) are
available.

Conclusion: The diagnostic evaluation of pituitary insuffi-
ciency should proceed in stepwise fashion, depending on
the patient’s clinical manifestations and underlying dis-
ease. For some pituitary axes, measurement of basal
hormone levels suffices; for others, stimulation tests are
required. In general, the performance of combined pitu-
itary tests should be viewed with caution.
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P ituitary dysfunction can be caused by a wide
variety of diseases affecting the hypothalamus
and pituitary gland and can produce major clinical
manifestations, including pituitary coma. Pituitary ade-
nomas are probably much more common than pre-
viously assumed; their prevalence is roughly 1 per 1000
people (1). The known causes of pituitary dysfunction
include tumor, hemorrhage, surgery, and radiotherapy.
In recent years, deficits of individual pituitary axes
after head trauma have come to be recognized as a
clinically relevant problem. Because of this newly ap-
preciated entity, the prevalence of pituitary dysfunction
is likely to be much higher than the previous estimate
of 0.5 per 1000 people (2). Once hormonal deficits
have been diagnosed, they can be treated by supple-
mentation (Figure 1), so that the patient’s quality of life
becomes nearly normal. The performance of pituitary
function tests is erratic in current clinical practice. Pit-
falls to be avoided include not just false-positive test re-
sults leading to unnecessary (and costly) hormone
supplementation, but also false-negative test results
leading to the inadequate supplementation of vitally
important hormones. There are no published guidelines
in this field, with the sole exception of guidelines for
the diagnosis of growth hormone deficiency (el, e2).
The publications that are available mostly provide a
low level of evidence (grade I11). In the present article,
which consists of expert opinion (evidence level V),
we point out difficulties and sources of error in the per-
formance and interpretation of endocrinological tests of
pituitary function. This discussion explicitly concerns
patients for whom abnormal function of the hypothala-
mus and pituitary gland is considered to be highly
probable.

Methods

Outlines of testing procedures for the individual pitu-
itary axes were prepared by members of the Neuroen-
docrinology Section and the Pituitary Working Group
of the German Society for Endocrinology (Deutsche
Gesellschaft fir Endokrinologie). These experts made
use of relevant sources in the literature that were re-
trieved by a search of the PubMed database. The drafts
that they submitted were discussed in open session at
the annual meetings of the Neuroendocrinology Sec-
tion and the Pituitary Working Group. The resulting ex-
pert opinions are summarized here. It should be noted
that this work does not represent a comprehensive
review of the literature.
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Results

Testing of the thyrotropic axis

The clinical presentation of central hypothyroidism re-
sembles that of primary hypothyroidism due to loss of
function of the thyroid gland itself. Current, sensitive
testing methods generally enable a diagnosis by
measurement of the basal thyroid-stimulating hormone
(TSH) and free thyroxin (fT4) levels. The fT3 level
should not be measured, as its precise determination re-
mains problematic. In unambiguous cases of central
hypothyroidism, the fT4 level is low and the TSH level
is either low or inappropriately normal, in contrast to
the elevated TSH level seen in primary hypothyroid-
ism. Problems of interpretation can arise when the fT4
and TSH levels are both in the low normal range. The
secretion of immunogenic, but less biologically active
TSH can be reflected in a measurement of high-normal
or mildly elevated TSH levels (3), mimicking the find-
ings of incipient (subclinical) primary hypothyroidism.
In case of doubt, follow-up studies can help clarify the
situation (e3). A comparison with thyroid values ob-
tained earlier, when the patient’s thyroid function was
still normal, can also help, because there is normally
little intra-individual variation in thyroid values (4).
This fact is especially useful when the patient’s thyro-
tropic function was normal before a surgical procedure
and requires diagnostic assessment afterward.

The thyrotropin-releasing hormone (TRH) test
(Table 1) normally produces an absolute rise of the
TSH level by roughly 1.5 to 45 mU/L, and a relative
rise to a value that is 2.8 to 23 times higher than base-
line (e4). This test is not recommended for routine use
(5, 6), because its results vary widely among both nor-
mal and ill subjects and can be influenced by many
extraneous factors (e3, €5), yet it can provide helpful
additional information in individual cases where the

Hormones of the anterior pituitary lobe, their regulation by
hypothalamic peptides, and the hormones of the peripheral
endocrine glands that are under their control

GHRH, growth-hormone-releasing hormone;

CRH, corticotropin-releasing hormone;

TRH, thyrotropin-releasing hormone;

GnRH, gonadotropin-releasing hormone;

GH, growth hormone;

IGF-1, insulin-like growth factor 1;

PR, prolactin;

ACTH, adrenocorticotropic hormone;

TSH, thyroid-stimulating hormone;

T4, thyroxine;

LH, luteinizing hormone;

FSH, follicle-stimulating hormone

basal TSH and fT4 levels are difficult to interpret. It is
also generally well tolerated, with few and mild side
effects. Transient nausea, headache, dizziness, mild hy-
pertension, gustatory sensations, flushing, and urinary
urgency have been observed after a TRH challenge, and
epileptic seizures can occur in children with epilepsy or
a low seizure threshold. Pituitary apoplexy after TRH
administration has been reported in a few cases of pa-
tients with pituitary macroadenoma (e6); thus, the TRH
test should not be performed in patients with large pitu-
itary tumors.

Testing of the gonadotropic axis
The main symptoms of hypogonadism in men are loss
of libido and infertility. When hypogonadism arises
suddenly, hot flashes can occur in men as they do in
women. Loss of muscle mass, lack of energy, and os-
teoporosis develop only later on in the course of illness.
Clinical signs such as involution of the testes, loss of
secondary hair, or gynecomastia can arise, but are not
consistent or reliable indicators of the condition.
Serum testosterone levels vary in a circadian rhythm
and are highest in the early morning hours. Free,
physiologically active testosterone accounts for only
about 1% to 2% of the total testosterone level, as most
of the total testosterone is bound to albumin and to sex-
hormone binding globulin (SHBG) (e7). Formulae for
calculating the free testosterone level are currently the
most precise means of estimating it, while the useful-
ness of measuring free testosterone with an analog
assay is questionable. The formula of Vermeulen et al.
(7), for example, can be used to calculate the free
testosterone level from the total testosterone level and
the levels of albumin and SHBG (for an online calcula-
tor, see www.issam.ch). Male hypogonadism is diag-
nosed by the repeated measurement of low morning
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Structured assessment of basal pituitary hormones followed
by evaluation with dynamic testing methods

The relevant anterior pituitary axes are shown in the upper portion of
the diagram as in Figure 1, while the steps to be followed in endo-
crinological assessment are shown in the lower portion.

Cl, contraindications;

IGF-1, insulin-like growth factor 1;

fT4, free thyroxine;

TSH, thyroid-stimulating hormone;

LH, luteinizing hormone;

FSH, follicle-stimulating hormone;

CRH, corticotropin-releasing hormone;

ACTH, adrenocorticotropic hormone;

IHT, insulin hypoglycemia test;

GHRH, growth-hormone-releasing hormone;

TRH, thyrotropin-releasing hormone;

GnRH, gonadotropin-releasing hormone;

SHBG, sex-hormone binding globulin

testosterone levels, i.e., total testosterone levels below
10.4 nmol/L (300 ng/dL) and free testosterone levels
below 0.255 nmol/L (7 ng/dL) (e8). When the total tes-
tosterone level is in borderline range (10-12 nmol/L),
the presence or absence of typical clinical manifes-
tations plays an accessory role in diagnosis. The thresh-
old values to be used in individual cases differ depend-
ing on the particular assay used, as well as on the
patient’s age and body-mass index.

Secondary hypogonadism is diagnosed on the basis
of the patient’s history, the physical findings, and the
measurement of inappropriately low levels of luteiniz-
ing hormone (LH) and follicle-stimulating hormone
(FSH), with a simultaneously low testosterone level
(e9). If secondary hypogonadism is found, hyperpro-
lactinemia must be ruled out as a possible cause. In
adult patients with classic secondary hypogonadism,
dynamic function tests can often be dispensed with.
Thus, testing the gamut of all pituitary axes with a
combined pituitary test is obsolete for the type of
patients under discussion in this article. A GnRH
(gonadotropin-releasing hormone) test (Table) can be
performed to help make the difficult distinction be-
tween constitutional delay of puberty and secondary
hypogonadism, under consideration of the normal
values for the patient’s age and pubertal stage (8-10). It
can also aid in the differential diagnosis of partial
androgen deficiency in an aging man (late-onset hypo-
gonadism, LOH) from secondary hypogonadism:
pituitary hypogonadism—caused, for example, by a
macroadenoma—is definitively ruled out only if the
LH level rises above 15 mU/L (11).

In a premenopausal woman, a normal ovulatory
cycle proves the patient is not suffering from hypogon-
adism. Women taking oral contraceptives (OC) are an
exception to this rule; thus, OC should be discontinued
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for at least two months before a diagnostic assessment
is performed. Inappropriately low gonadotropin levels
in the face of low estradiol levels indicate secondary
hypogonadism. In postmenopausal women, the gon-
adotropin levels are physiologically elevated, and thus
levels in the “normal” range also indicate secondary
hypogonadism.

Testing of the corticotropic axis

If the cortisol level fails to rise adequately in response
to stress, the clinical syndrome of acute adrenal failure
can arise, with life-threatening shock. In most cases,
however, hypocortisolism develops gradually and
manifests itself with nonspecific symptoms and signs
such as nausea, vomiting, abdominal pain, loss of ener-
gy, fatigue, fever, and impaired alertness, as well as hy-
poglycemia after prolonged fasting.

An 8 a.m. serum cortisol level may suffice for diag-
nostic purposes. Because of the circadian rhythmicity
of cortisol secretion, standardized blood drawing at one
particular time of day with well-defined normal values
is of particular importance. If levels at 8 a.m. are re-
peatedly low, i.e., below 80 to 110 nmol/L, then adrenal
insufficiency is highly likely (12) (e10-el2) and
supplementation can be recommended right away. On
the other hand, values above 470 to 500 nmol/L rule out
adrenal insufficiency (e10, e12). If the measured values
lie between these upper and lower thresholds, then
further study with provocative testing is needed, yet
about one-quarter of all such patients can be spared
such testing (e13).

The insulin-hypoglycemia test (IHT) (Table) is still
recommended as the gold standard for functional test-
ing of the entire hypothalamic-pituitary-adrenocortical
(HPA) axis in a physiologically relevant stressful situ-
ation. It should not be performed in the face of
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Overview of some commonly performed tests of pituitary function and remarks on practical aspects, the hormones to be
measured, and the timing of blood drawing
measured
TRH test 1 amp (200 pg) TRH Note: apoplexy occurs very rarely 0 min before
Duration of injection: >60 sec with large macroadenomas injection,
then 30 min
GnRH test 1 amp (100 pg) LHRH Note: apoplexy occurs very rarely | LH, FSH 0 min before
Duration of injection: <30 sec with large macroadenomas injection,
then 30 min
IHT 0.15 IU/kg BW regular insulin IV Patient fasting GH, cortisol 0 min before
(in renal failure 0.1 1U/kg BW, for pa- Cl: epilepsy, CHD (-ACTH) injection, then
tients with abnormal glucose tolerance | Secure venous access with an 15 min, 30 min,
or acromegaly 0.2 [U/kg BW) indwelling catheter 45 min, 60 min,
A predrawn syringe with 20% glu- 90 min, 120 min
cose should be readily accessible
in case of need
Trained personnel should be near
the patient at all imes
CRH test CRH 1 pg/kg BW IV, to be given im- Cortisol (- ACTH) 0 min before
mediately after dissolution. injection, then
Duration of injection: <30 sec 15 min, 30 min,
45 min, 60 min
ACTH test 1 amp (250 pg) ACTH 1-24 solution for Cortisol 0 min before
injection IV (must be shielded from light injection,
in refrigerator and in package). Shake then 30 min,
before injection. Duration of injection: 60 min
<30 sec
GHRH/- GHRH 1pg/kg BW IV (can be stored at | Patient fasting GH 0 min before
arginine test | room temperature), use immediately injection,
after dissolution then 30 min,
Duration of injection: <30 sec. Then, 45 min, 60 min,
infusion of 30 g arginine in 21.07% 90 min
solution (7 amp = 30 g) over 30 min,
diluted in normal saline. Note: lower the
arginine dose if BW <60 kg: give half
the BW in grams, e.g., 50 kg — 25 g

There are many variations of the techniques above, particularly relating to the timing of blood draws. TRH, thyrotropin-releasing hormone; GnRH, gonadotropin-
releasing hormone; IHT, insulin-hypoglycemia test; CRH, corticotropin-releasing hormone; ACTH, adrenocorticotropic hormone; GHRH, growth-hormone-releasing

contraindications such as cerebrovascular and cardio-
vascular disease or epilepsy. As the induced hypoglyce-
mia may have critical effects, a physician should be
present during the entire test. Insulin is given intra-
venously in a dose of 0.15 1U/kg body weight (BW)
(0.1 IU/kg BW if there is a high suspicion of adrenal
insufficiency, or 0.2 1U/kg BW in patients with diabetes
mellitus or acromegaly), and the serum cortisol level is
measured 0, 15, 30, 45, 60, 90, and 120 minutes after
the injection. For reliable evaluation, published studies
have required blood sugar values below 36 to 40 mg/dL
combined with clinical signs of hypoglycemia,
although a systematic study has shown that the adreno-
corticotropic hormone (ACTH) level is certain to rise
only if the glucose level drops below 29 mg/dL (13). If
an adequate effect has not been obtained by 30 minutes
after insulin administration, a second dose of insulin
should be given that is 1.5 times larger than the first.
The absolute cortisol peak is the important value for
diagnosis; the percentage rise cannot be used for
reliable evaluation (e10).

hormone; GH, growth hormone; ClI, contraindications, CHD, coronary heart disease

The threshold value for a physiological reaction is
derived from a comparison with the maximal cortisol
concentrations reached during surgery, myocardial in-
farction, or sepsis. Most publications take a peak corti-
sol level of 500 nmol/L as the threshold value, but there
have been no randomized studies on the long-term
course of illness as a function of the cortisol response
(e14). The reproducibility of the IHT was studied in
three trials on normal subjects and was described as
good, with variation coefficients ranging from 7% to
12% (13, el5, e16). One of these studies also included
patients with pituitary insufficiency and found the IHT
to be much less reproducible in these patients, with a
variation coefficient of 41.6% (e15). In this study, the
patients—unlike the normal subjects—were given
intra- and interindividually variable doses of glucose
after hypoglycemia was reached. In a prospective com-
parison of two groups of 50 children with growth retar-
dation, glucose administration of this type was found to
lead to significantly lower cortisol levels (14). On the
other hand, a study in healthy adults revealed no
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significant difference in IHT results when the test was
performed with or without additionally administered
glucose (e17), although there were large intraindividual
variations of the cortisol peak. In accordance with these
findings, the extent and duration of hypoglycemia seem
to be correlated with the height of the cortisol peak
(13). In the absence of data from further studies, it
follows that additional glucose should not be given
during the test unless clinically necessary.

The metyrapone test is also used to study the integ-
rity of the entire HPA axis. The patient is given 2.5 to 3
grams of metyrapone by mouth at midnight and blood
is drawn in the morning for measurement of 11-
deoxycortisol. As the enzyme blockade on which this
test relies can provoke acute adrenal insufficiency, it is
usually performed on an inpatient basis, and only in a
few institutions (15). In the corticotropin-releasing hor-
mone (CRH) test (Table), exogenously administered
human CRH stimulates pituitary secretion of ACTH
(16). Typically, CRH is given intravenously in a dose of
1 pg/kg BW and the cortisol level is measured every
fifteen minutes for one hour. The important value for
diagnosis is the absolute cortisol peak; the interpre-
tation of the percentage rise has not been found to be
reliable, at least in the diagnosis of possible adrenal
insufficiency of organic origin (12). Peak values above
514-615 nmol/L rule out adrenal insufficiency with
near certainty, while values below 349-420 nmol/L
make it highly likely (12, 17). CRH testing has a lower
diagnostic yield than IHT, providing a diagnosis in only
18% of patients whose problem could not be diagnosed
by basal cortisol measurement alone.

In the ACTH test (Table), 250 micrograms of ACTH
1-24 are given intravenously, and the serum cortisol
level is measured 30 to 60 minutes later (e18). In sec-
ondary adrenal insufficiency, the Synacthen-induced
rise in cortisol should be lower because of partial
atrophy of the zona fasciculata of the adrenal gland,
providing indirect evidence of an intact HPA axis. The
reported sensitivity of the ACTH test for adrenal insuf-
ficiency, with threshold values for the cortisol peak
lying between 500 and 600 nmol/L, varies greatly from
study to study, ranging from less than 50% to almost
100% (el19, e20). A meta-analysis came to the con-
clusion that, in view of the limited sensitivity of the
ACTH test, other tests involving stimulation of higher
centers should be used when secondary adrenal insuffi-
ciency is suspected (18). On the other hand, long-term
follow-up studies have shown that the ACTH test has a
high predictive accuracy for the exclusion of clinically
relevant secondary adrenocortical insufficiency (e21).
The test should be performed at least three months after
the suspected causative event (e.g., surgery), so that ad-
renocortical atrophy can take place in the meantime
(e22, €23). A variant form of the test in which only 1 pg
of ACTH is given, the so-called low-dose ACTH test, is
said by some authors to be more sensitive than the con-
ventional ACTH test for the diagnosis of partial
secondary adrenocortical insufficiency (e19), although
others have found no difference (19, e24). An important
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argument in favor of the conventional ACTH test is that
ACTH 1-24 only comes in 250 pg ampoules. Dilution
may lead to testing errors because of adsorption of the
peptide drug to container surfaces, among other
reasons.

Testing of the somatotropic axis

Lack of secretion of growth hormone (GH) causes no
immediately apparent symptoms in adults. Thus, sus-
pected GH deficiency can be confirmed only by
measurement of hormone levels. Single GH values are
inadequate for this purpose, because GH is secreted in
pulsatile fashion, and its concentration between pulses
normally lies below the detection threshold of very sen-
sitive assays. Likewise, a single measurement of the
insulin-like growth factor 1 (IGF-1) concentration
usually does not suffice to demonstrate GH deficiency,
as the level may be normal even if GH deficiency is
severe (20, e25). Very low IGF-1 values (e.g., below
77.2 pg/L [21]) do, however, indicate GH deficiency
with a high degree of certainty. The IGF-1 concen-
tration is also low in malnutrition, poorly controlled
diabetes mellitus, liver disease, and hypothyroidism.

Stimulation tests are indispensable for the reliable
functional assessment of the somatotropic hormonal
axis. A basic requirement is that the diagnosis of
growth hormone deficiency in an adult patient should
be supported by at least two tests. An exception to this
rule can be made if more than one other pituitary axis
has also been found to be deficient. The tests must be
performed with the patient in the fasting state, because
glucose suppresses growth hormone. The threshold
values given here (and elsewhere) are subject to varia-
bility based on the particular assay used, because as-
says differ markedly from one another in the determi-
nation of absolute concentrations, particularly in the
low-concentration range.

IHT is considered the gold standard for adults. A GH
peak lower than 3 ug/L is very strong evidence for GH
deficiency, while a value above 5 pg/L essentially rules
it out (22). The reproducibility of the IHT is reportedly
poor (el5, el6, e26). The GHRH (growth-hormone-
releasing hormone)-arginine test (Table) combines
somatostatin suppression by arginine (23) with direct
pituitary GH stimulation by GHRH and therefore pro-
duces a large rise in GH in healthy individuals (24,
e27). The stimulating effect of arginine, when given
alone, is small (e28). GHRH directly stimulates pitu-
itary GH secretion and thus cannot be used as the sole
testing substance when a disturbance above the level of
the pituitary is suspected, e.g., in head trauma (e27,
€29). No threshold values have yet been established for
testing with GHRH alone to diagnose GH deficiency in
adults. The maximal GH concentration achieved in the
GHRH-arginine test is far above that achieved in the
IHT; therefore, the diagnostic value of the GHRH-
arginine test for GH deficiency in adults is currently a
matter of debate (€30). The proposed threshold values
in this test for the diagnosis of GH deficiency depend
on the patient’s body-mass index (BMI): 11.5 pg/L for
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patients whose BMI is under 25 kg/m?, 8.0 pg/L for
overweight patients (BMI between 25 and 30 kg/m?),
and 4.2 pg/L for obese patients (BMI above 30 kg/m?)
(25). The GHRH-arginine test is considered to be more
reproducible than the IHT (22) and is probably the best
alternative to the IHT if the latter is contraindicated or
has yielded inconclusive results. The GHRH-arginine
test may cause nausea and a fall in blood pressure. It
has no medical contraindications.
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