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Many tests are available for the assessment of pituitary function. The
thyroid, gonadotropic and prolactine axes can be appropriately assessed
by the combination of clinical symptoms and unstimulated serum
hormone levels. However, stimulation tests are mandatory for appropriate
evaluation for the assessment of the HPA and GH-IGF-I axes (1).
Different stimulation tests are available, for which different cut-off
values have been reported. When using a stimulation test, it is of great
importance to take other confounding factors into account such as
age, gender, BMI and medication. GH secretion decreases resulting in
lower serum levels with increasing age and BMI (2-4). Medication can
alter hormone levels and therefore influence test outcome. The pituitary
gland does not necessarily be stable, but can change over time, e.g. after
traumatic brain injury (TBI) or pituitary surgery (5;6). Consequently,
pituitary stimulation tests performed immediately after surgery may
give altered results. In this thesis several studies are reported aiming to
provide better insight into the complexity of different endocrine tests
used for the evaluation of possible pituitary insufficiency and in the
treatment of patients with pituitary insufficiency.




After TBI patients experience persistent, invalidating complaints that
resemble those observed in patients with hypopituitarism, such as
impaired cognition, depression, fatigue and impaired quality of life
(QoL) (7-9). Consequently, pituitary insufficiency following TBI may
contribute to the problems reported by these patients. This condition is
important to identify since it can be treated by hormone replacement
therapy resulting in improved QoL (10).

In the past decade a high prevalence of pituitary insufficiency
following TBI has been reported (11-24). However, there is great
variation in the reported prevalence rates. Several factors influence the
prevalence of hypopituitarism after TBI: the time interval between TBI
and endocrine assessment, the type and severity of the trauma and
also the methods (i.e. endocrine tests, assays and criteria) used for the
diagnosis of hypopituitarism. Some reviews have addressed TBI-related
hypopituitarism and concluded that hypopituitarism is a common
complication of TBI and might contribute to morbidity and poor
recovery after brain injury (25). However, these reviews did not take
into account the variability in diagnostic strategies and definitions of
pituitary insufficiency. We hypothesized that methodological differences
may have contributed, at least in part, to the discrepancies in prevalence
rates of hypopituitarism after TBI. Therefore, the aim of our systematic
review in chapter 2 was to critically compare the pituitary function tests,
and definitions of hypopituitarism between studies that assessed the
long-term outcome of TBI on pituitary function for each pituitary axis.



We found that the reported prevalence rates of pituitary insufficiency
indeed vary considerably and that this is associated with major differences
in endocrine and analytic methods of assessment en definitions used for
the diagnosis hypopituitarism. The studies in the review used different
endocrine tests, cut-oft values and analytic methods. Moreover, several
confounding factors (such as BMI) were not taken into account when
assessing the pituitary axes. This is especially of importance for the
assessment of the GH axis given the decrease of GH concentration
with increasing BMI. This all may result in an overestimation of
hypopituitarism following TBI in obese subjects. These discrepancies
limit the possibility to compare the results of studies on TBI. Future
studies should be designed to ensure a high diagnostic robustness for
proper identification of reliable predictors, as the results may be highly
dependent on diagnostic pitfalls (26).

Because of the large variations published on prevalence rates reported
and the variations in endocrine and analytical methods to assess
pituitary functions, we performed a cross-sectional study in the
Netherlands in a large cohort of TBI patients evaluated after long-term
follow-up (described in chapter 3). We included 112 patients with TBI,
hospitalized for at least 3 days and duration of follow-up > 1 yr after TBI
from 5 (neurosurgical) referral centers. Evaluation of pituitary function
included fasting morning hormone measurements and insulin tolerance
test (ITT n=90) or, when contraindicated, ACTH-stimulation and/or
CRH-stimulation test and a GHRH-arginine test (n=22).

Our study demonstrates that prevalence of hypopituitarism after
TBI after long-term follow-up is low. Using a standardized evaluation
that included the golden standard tests for the evaluation of GH and
cortisol secretory reserves in the majority of the patients, we found a
prevalence of any pituitary insufficiency of only 5.4% (severe growth
hormone deficiency (2.8%), hypogonadism (0.9%), adrenal insufficiency
(1.8%)). This prevalence is much lower compared to the prevalence rates
reported in the majority of the previous studies (15-90%)(5-17). This
discrepancy might be explained by the use of different endocrine tests
and different cut-off values in the previous studies. If possible we used
the golden standard test: the insulin tolerance test. In accordance with
the data by Klose et al. (21), this resulted in lower prevalence rates of
GHD and adrenal insufficiency. If ITT was contraindicated, we used




the combined stimulation with GHRH and arginine to assess the GH
axis which has been shown to be a good alternative test, provided higher
cut-off GH levels are used. As mentioned above, GH secretion decreases
with increasing BMI (2-4). We, therefore, used BMI-adjusted cut-
off values for the combined stimulation with GHRH and arginine. In
addition to differences in endocrine test, the time interval between TBI
and endocrine evaluation as well as trauma severity may also affect the
reported prevalence rates. Studies have reported that in the acute phase
after TBI hormone alterations mimicking pituitary insufficiency can be
present (21;27). To avoid this transient effect of TBI, we evaluated patients
at least 1 year post TBI. Increased trauma severity increases the risk of
pituitary insufliciency. Therefore, we included only patients with more
severe trauma. Patients had to be hospitalized for at least 3 days and GCS
was evaluated. In contrast to many previous studies, the prevalence of
pituitary insufficiency appeared to be low in patients with more severe
trauma at least one year after trauma, using these inclusion criteria and
golden standard test for pituitary assessment whenever possible and
BMI-adjusted cut-off values if necessary.

Our results indicate that consensus for a more uniform endocrine
evaluation of pituitary function in general and after TBI in particular is
needed. Nonetheless, pituitary failure, even if present after TBI in a very
small proportion of patients, is potentially treatable, may be life-saving,
and is likely to ameliorate quality of life (7;10).



Pituitary adenomas can be treated by transsphenoidal surgery (TS),
additional radiotherapy and/or medication. Pituitary insufficiency is a
complication that can be attributed to the tumor itself (compression),
surgery and/or radiotherapy. Therefore, accurate assessment of pituitary
function is critical for appropriate management of patients with pituitary
adenoma after surgery with or without irradiation.

Endocrine assessment after pituitary surgery

After TS the assessment of the hypothalamic-pituitaryadrenal (HPA) axis
is of clinical relevance to judge the need for hydrocortisone replacement
therapy at discharge. The I'TT is the golden standard to evaluate the HPA
axis in patients suspected of secondary adrenal insufficiency. Because
of contraindications for the induction of hypoglycemia different other
dynamic tests of the HPA axis are available such as the metyrapone test,
the ACTH stimulation test and the corticotrophin releasing hormone
(CRH)-test. In our clinic (from 1990 onwards) adrenal function of
patients directly after surgery has been evaluated by stimulation with
CRH. Based on the test result it is decided whether the patients were
discharged with our without hydrocortisone replacement therapy.
Specific data on the clinical applicability of the CRH test directly after TS
are hardly available. Therefore, in chapter 4 we retrospectively evaluated
the clinical relevanceof the CRH stimulation test in assessing pituitary
adrenal function after TS.




We performed a retrospective chart review of all patients who had been
treated by TS in our center. We included a total of 144 non-Cushing
patients of whom data were available on postsurgical CRH tests, of whom
second (confirmation) tests were also available and who had not been
subjected to confounding factors like use of exogenous glucocorticoids,
re-operation or postsurgical radiotherapy. Forty-two patients were
diagnosed with hypocortisolism of whom 13 (31%) had sufficient adrenal
function during follow-up.

A possible explanation for these discrepant results is the use of
different cut-off values. For the ITT (golden standard) regularly accepted
cut-off values have been defined. However, for the CRH test different cut-
off values for peak cortisol responses have been proposed. Because in our
center the CRH test is used as a screening test to identify those patients
that require hydrocortisone supplementation after TS, we applied a
generally accepted stringent criterion of 550 nmol/L (28;29). Aiming
for a higher sensitivity will be at the expense of a lower specificity, i.e a
greater proportion of patients will be incorrectly diagnosed with adrenal
insufficiency.

Another possible explanation is the recovery of preoperative adrenal
insufficiency after TS within one year (5;6). This has been described in a
study that compared the ITT response at 3 and 12 months after TS. In
agreement, we found a normal adrenal function in 8 patients within the
first year after surgery who were inititally diagnosed as being adrenal
insufficient. This indicates the necessity of an extensive follow-up in
patiens after surgery within one year.

A normal function of the HPA axis was assessed in 102 of the
144 patients. However, fourteen of these patients (14%) appeared to have
hypocortisolism based on a second test. These discrepant results can be
potentially life-threatening because these patients are at risk for adrenal
crises. It is possible that additional pituitary insufficiency influenced the
test results of these patients. Growth hormone and thyroid hormone
deficiency can influence the test results(5;30-32). Moreover, growth
hormone replacement therapy in patients with GHD may also play an
important role because of the influence of GH on the cortisol metabolism.
Growth hormone stimulates 11-f hydroxysteroid dehydrogenase
(11BHSD-1), leading to increased cortisol-cortisone conversion (31). The
use of GH replacement therapy in GH-deficient patients may therefore
unmask cortisol deficiency (30;32).



Based on our results we conclude that the CRH test can be safely used
to guide hydrocortisone substitution after TS. Nonetheless, the cortisol
response to this test can not reliably predict adrenal function in all
patients during longer follow-up after TS. We therefore recommend
to perform a second test of pituitary adrenal function during longer
follow-up, e.g. 3-6 months after surgery. This approach is not required in
patients with an impaired postoperative cortisol response to CRH, who
have multiple pituitary insufficiencies.

In chapter 4 we retrospectively assessed the HPA function in all
patients who had been treated by TS in our center, whereas in chapter 5
we focused on postoperative assessment of HPA function in a specific
postoperative group; patients after TS for GH secreting adenomas i.e.
patients with acromegaly. A recent study by Ronchi and colleagues
evaluated the HPA axis in acromegalic patients after TS. They found
a remarkably high prevalence of adrenal insufficiency (32%) after TS
in these patients. They concluded that the function of the HPA axis
may worsen over time and should be carefully monitored by dynamic
testing in all acromegalic patients, independently from the type of
treatment. This recommendation has obvious implications for the long-
term management of non-irradiated patients with acromegaly (33).
Therefore, the aim of chapter 5 was to evaluate the prevalence of adrenal
insufficiency during long-term follow-up in our own unselected cohort
of consecutive patients in remission of GH excess after transsphenoidal
surgery.

We retrospectively reviewed the assessment of corticotrope function
in 91 consecutive patients in remission after transsphenoidal surgery
using ITT, CRH stimulation, metyrapone test and ACTH stimulation
tests. We found insufficient adrenal function in 16 patients (18%) in the
early postoperative period, which was transient in 8 but irreversible in
8 other patients within the first year of postoperative follow-up. Therefore,
after the first year of follow-up after curative surgery for acromegaly,
the prevalence of adrenal insufficiency was only 9%. Late, new-onset
adrenal insufficiency developed in only 3 patients, 13, 18 and 24 years
after surgery, resp. The incidence rate of late adrenal insufficiency after
successful surgery was only 2/1000 person years. After long-term follow-
up, with a median duration of 8.1 yr (range 1-31 yr), the prevalence of
secondary adrenal insufficiency was 12% in patients in remission after




surgery for acromegaly. Therefore, new-onset adrenal insufficiency
after TS for acromegaly is not frequently present. The discrepancies
in prevalence with the study by Ronchi ef al. and our study may be
explained by differences in study design and study population but also
by patient selection and differences in surgical techniques. We used the
golden standard test (ITT) and CRH test in a large whereas Ronchi and
colleagues used a low-dose ACTH test in patients (33). Other potential
mechanisms of influence may be changed cortisol binding globulin
levels (CBG) in acromegaly (31;32;34;35), the presence of postoperative
GH deficiency (30;35;36) and the possibility of recovery of preoperative
adrenal insufficiency following transsphenoidal surgery (5;6;37),
although this is most likely a rare event.

Limitations of our study are the retrospective nature of the study and
the fact that patients had been tested by different cortisol stimulation
tests and assays. However, this does not affect our conclusions, since the
ITT, CRH and metyrapone tests are all accepted tests for the evaluation
of HPA function and we have used unchanged cut-off values of cortisol
throughout the years.

We propose to repeat dynamic test of HPA function 1 yr post surgery
in patients with postoperative HPA insufficiency. Further research
is required to assess whether yearly basal cortisol values may suffice
to monitor adrenal function in asymptomatic patients. However, in
case of low basal cortisol levels, symptoms suggestive of corticotrope
insufficiency or progressive impairment of other pituitary functions,
additional dynamic testing of the HPA axis should be performed.

Endocrine assessment following cranial radiotherapy

Patients with nonpituitary intracranial and/or nasopharyngeal tumors
are frequently treated by radiotherapy, in which the pituitary gland is
involved in the radiation field. These patients are at risk for pituitary
insufficiency. This is well described in children treated with cranial
radiotherapy (38-46), but the assessment of pituitary function duringlong
term follow-up has not been implemented in the guidelines of patients
treated by cranial radiotherapy for nonpituitary tumors. To assess the
prevalence of pituitary insufficiencies after cranial radiotherapy in these
patients, we performed a systemic literature search and meta-analysis



focusing on the prevalence of pituitary dysfunction in adult patients
treated with radiotherapy for nonpituitary tumors, which is described
in chapter 6.

Our review ultimately included 18 studies (n=813) evaluating
patients treated for nasopharyngeal cancer or intracerebral tumors
(47-64). There were considerable variations in the reported prevalence
rates of hypopituitarism after cranial radiotherapy, ranging from
hardly any effect on pituitary function to almost 100% of the patients
being affected. These variations may be associated with differences in
radiotherapeutic techniques, study design, time of evaluation, patient
selection and differences in endocrine evaluation. The majority of
patients was not evaluated by pituirary stimulation tests. If stimulation
tests had been used, different cut-off values and diagnostic criteria were
used. Our meta-analysis showed that any hypopituitarism is present in
approximately two thirds of all adult patients previously treated by cranial
radiotherapy (0.66, CI 0.55-0.76). The prevalence of growth hormone
deficiency was 0.45 (CI 0.33-0.57), of LH and FSH 0.3 (CI 0.23-0.37), of
TSH 0.25 (CI 0.16-0.37), and of ACTH 0.22 (CI 0.15-0.3), respectively.
The prevalence of hyperprolactinemia was 0.34 (CI 0.15-0.6) There were
no differences between the effects of radiotherapy for nasopharyngeal
versus for intracerebral tumors.

Based on these data we conclude that hypopituitarism is rather
prevalent in adult patients after cranial radiotherapy for nonpituitary
tumors. Considering this high prevalence of hypopituitarism, the
evaluation of pituitary function should be included in the guidelines of
long-term follow-up of all patients treated by cranial radiotherapy.




When growth hormone deficiency is considered, the therapeutical
implications should be carefully evaluated, especially in elderly subjects
in whom normal growth hormone secretion and IGF-I levels are low
compared to young adults and GH and IGF-I levels overlap between
normal and growth hormone deficient subjects.

In chapter 7, we performed a systematic review, to critically assess the
available literature on the evidence of clinical efficacy of rhGH in elderly
patients with GHD. We ultimately included only 11 eligible studies with
a total of 534 patients (65-78). The studies show that there are undeniable
effects of rhGH substitution in elderly subjects with GHD for some, but
not all, parameters. RhGH treatment unequivocally positively affects
total and LDL cholesterol levels and QoL parameters. However, there is
controversy on the effects on other cardiovascular risk factors, including
insulin, HDL cholesterol, BP and BC, whereas rhGH therapy does not
improve plasma triglyceride levels. Moreover, treatment with thGH did
not improve BMD in elderly subjects with GHD. Studies in octogenarians
have not been performed. Finally, there are no data on the eftects of rhGH
on clinically relevant end points, like cardiovascular disease or fractures.

Several factors should be taken into account in the assessment of
the effects of rhGH therapy in elderly subjects. With increasing age GH
secretion decreases. This decrease in GH levels may affect the response
to stimulation tests and, therefore, affect the cut-oft values of the GH
stimulation tests. Studies using the ITT and GHRH-arginine stimulation
test have been performed in these patients with various results. Some
studies show a lower peak of GH response in elderly compared to
younger patients (79;80), whereas other studies show no differences (81).
Nonetheless, the omission to reduce the cut-oft values of GH stimulation
tests in aging subjects might result in an erroneous diagnosis of GHD in
at least some of these subjects. The extent to which this may have affected
the conclusions is uncertain at present.



The decline of GH levels during aging is associated with a decline in
IGF-I levels. Therefore, age-adjusted IGF-I SD scores are necessary to
enable to assess the treatment response to rhGH. In this respect, there
were methodological differences between the included studies, which
may have affected the relation between physiological rhGH replacement
and responses in elderly subjects. Moreover, from an evolutionary
perspective, the natural decrease of GH and IGF-I levels during normal
aging may even be beneficial. In animal models of decreased GH-IGF-I
function longevity was increased (82-89). Accordingly, it is presently
not straightforward that all elderly subjects with GHD should be treated
unconditionally.

In conclusion, only a small number of randomized placebo-controlled
trials have assessed the beneficial effects of rhGH therapy in elderly
with GHD. These studies show relatively limited effects. Therefore, the
question remains whether the treatment with rhGH is clinically relevant
in elderly patients with GHD. There are no data whatsoever on the effects
of thGH in octogenarians with GHD.




The conclusions of the studies described in this thesis can be summarized
as follows:

Pituitary function after TBI

There is a wide variation in the reported prevalence rates of
hypopituitarism after TBI. This is at least in part caused by differences in
definitions, endocrine assessments of hypopituitarism, and confounding
factors. These methodological issues prohibit simple generalizations
of results of original studies on TBI-associated hypopituitarism in the
perspective of meta-analyses or reviews.

The prevalence of hypopituitarism during long-term follow-up after TBI
is most likely very low, if stringent criteria and appropriate pituitary tests
are used. The reported prevalence rates of pituitary insufficiency after
TBI are most likely overestimated.

Pituitary function after transsphenoidal surgery

The CRH test is a valuable tool to define clinically relevant cortisol
deficiency immediately after pituitary surgery. This test can be safely
used to define hydrocortisone dependency at discharge until a second
test is performed.

In patients with acromegaly cured by transsphenoidal surgery, the
prevalence of adrenal insufficiency very low: 9% one year after surgery
and only 2/1000 person-years in patients in long term remission after
surgery. Therefore, development of late-onset adrenal insufficiency is a



very infrequent complication in patients with acromegaly in remission
after transsphenoidal surgery only.

Pituitary function after cranial radiotherapy

Hypopituitarism is very prevalent in adult patients after cranial
radiotherapy for nonpituitary tumors. Therefore, all patients treated by
cranial radiotherapy should have structured periodical assessment of
pituitary function during follow-up. This should be implemented in the
guidelines of follow-up of these patients.

Pituitary function in elderly subjects

Recombinant GH replacement in elderly subjects with GHD decreases
LDL cholesterol levels and improves QoL, but the effects on other
parameters are not unequivocal. There are no data on the efficacy and
safety of rhGH treatment in octogenarians with GHD. There are no data
on clinically relevant endpoints like cardiovascular disease or fractures.
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