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Chapter 1

Introduction

Cortisol is a steroid hormone, which is produced in the cortex of the adrenal gland.
Cortisol was first discovered by Edward Kendall, Tadeus Reichstein, and Philip Hench
in the 1930s (1). After collecting 1,000 kg of adrenals from cattle, they extracted 25
g of active substance, in which they discovered 29 different steroids. Twenty-four of
these were still undiscovered previously, including cortisol. In 1950, they shared the
‘Nobel prize in physiology or medicine’ for their discoveries relating to the hormones
of the adrenal cortex, their structure, and biological effects (1).

The biological effects of cortisol are derived from the evolutionary perspective of
stress response control, and consequently, these effects are widespread throughout
the human body. These include immunosuppressive functions, e.g. reduction of an
inflammatory response, and prevention of an allergic reaction, as well as the modern
use of cortisol in the prevention of rejection of organ transplants (2, 3). In addition,
cortisol co-regulates metabolic functions, e.g. control of blood pressure, glucose
metabolism, bone mineral density, and lipid metabolism (4, 5). Finally, cortisol
controls psychological functions, e.g. regulation of mood, well-being, and cognitive
function (6). Therefore, cortisol is released in response both to physical and mental
stress (7, 8).

In this chapter, the physiological and pathophysiological role of cortisol is explored,
starting with the production and regulation of cortisol in healthy individuals.
Subsequently, disruptions in the regulation of cortisol are discussed, including both
states of cortisol excess (hypercortisolism) as well as cortisol deficiency
(hypocortisolism), which is also known as adrenal insufficiency. Underlying causes,
clinical features, and treatment options are presented.

The hypothalamus-pituitary-adrenal axis

Cortisol concentrations in the human body are controlled by the hypothalamus-
pituitary-adrenal (HPA) axis (Figure 1). The central circadian oscillator (pacemaker),
which is located in the hypothalamic suprachiasmatic nucleus in the brain, regulates
this HPA-axis under basal, non-stressed conditions. This pacemaker ensures a daily
rhythm in the production of cortisol (the so-called circadian rhythm), which is
externally synchronized by the light-dark cycle as its most important input. The
pacemaker mainly influences the hypothalamus, driving the release of corticotropin-
releasing hormone (CRH) from the hypothalamic paraventricular nucleus. CRH
stimulates the release of adrenocorticotropic hormone (ACTH) from the corticotroph
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cells in the anterior pituitary gland. CRH also stimulates the production of new ACTH
from its precursor POMC in the anterior pituitary, which is secreted after the initial
fast release of pre-stored ACTH. ACTH is released from the anterior pituitary gland in
around 40 pulses per 24 hours, with the highest amount of ACTH released in the
morning around the time of waking. ACTH induces the release of cortisol from the
adrenal cortex. Lowest concentrations of cortisol in the human body are found
around midnight, and highest concentrations are found in the morning after the
highest ACTH peak (9).
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Figure 1: The hypothalamus-pituitary-adrenal (HPA) axis is regulated through the light-dark cycle via the
retinohypothalamic tract (RHT), which in case of light inhibits the activity of the superior cervical ganglia
(SCG). When dark, the SCG stimulates production of melatonin. Melatonin activates the suprachiasmatic
nucleus (SCN) by the melatonin 1 and 2 receptors (MT1 and MT2), which in turn influences circadian rhythms
including the HPA-axis. The SCN is modulated through daily behaviors and through serotonin from the raphe
nucleus which acts at the serotonin receptor (5-HT2C) (A). The HPA-axis regulates production and release of
glucocorticoids by excitatory control of the amygdala and inhibitory control of the hippocampus. The
paraventricular nucleus in the hypothalamus produces corticotropin-releasing hormone (CRH), also known as
corticotropin-releasing factor (CRF), which stimulates ACTH production and release from the pituitary,
which in turn stimulates the adrenal cortex to synthesize and release glucocorticoids. Glucocorticoids inhibit
the HPA-axis by negative feedback at various levels (B). Glucocorticoids have several metabolic influences in
various tissues of the human body (C). Adapted from de Bodinat et al., Hyman, and Fernandez-Rodriguez et
al. (4, 11, 12).
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Cortisol controls the abovementioned immunosuppressive, metabolic, and
psychological functions by binding to the glucocorticoid receptor and also to the
mineralocorticoid receptor. In addition, cortisol regulates its own secretion by a
negative feedback mechanism through glucocorticoid and mineralocorticoid receptors
in the brain and in the anterior pituitary gland (10).

Factors influencing cortisol concentrations

Circulating cortisol concentrations are lower in premenopausal women than in men of
corresponding age, but there is no difference in cortisol concentrations between
postmenopausal women and men older than fifty years. Therefore, there appears to
be no sex difference, but there seems to be an influence of female hormones on
cortisol concentrations. In older age, the morning cortisol peak occurs later than in
younger age (13, 14). Food consumption rapidly increases concentrations of cortisol,
mainly during the daytime (15). Differences in cortisol concentrations between
different ethnic groups in relation to differences in social activity and living habits,
suggest that these habits influence the synchronization of daily cortisol rhythms. E.g.
in Chinese people, the cortisol peak occurs two hours earlier than in Caucasians,
which may be related to their habits of early awakening and going to sleep early (16).

The morning cortisol peak after awakening is also known as the cortisol awakening
response. This response seems to be influenced by both waking up as well as by
daylight, as a smaller cortisol awakening response is seen after waking up in the
afternoon than in the morning, and no cortisol awakening response is seen in the
evening (17). Altered habits, such as lack of sleep, changes in meal pattern, and
light-dark transitions, as may occur during travelling (jet lag) or shift work, affect the
circadian rhythm in cortisol production, with complete inversion of cortisol rhythm
when sleeping twelve hours out of phase with the usual sleep pattern (18). Circadian
misalignment, by sleeping and eating at unusual times, reduces glucose tolerance in
shift workers, increasing the risk of type 2 diabetes mellitus (19).

In reaction to unforeseen changes in the environment called ‘stressors’, which can be
both external (e.g. temperature changes, food deprivation, physical trauma,
infection) and internal (e.g. psychological stress), the stress system is activated. This
stress system senses environmental changes through sensory organs and adjusts the
central nervous system and peripheral organ activity to improve the chance of
survival through restoration of internal homeostasis. The stress system includes both
activation of the autonomic nervous system and the HPA-axis, and therefore leads to
increased production of catecholamines and cortisol, which in turn increases
metabolism (e.g. glucose concentrations), as needed to cope with the stressor at
hand (the ‘fight-or-flight response’) (20).

10
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Measurement of hormone concentrations and testing the HPA-axis

Approximately 95% of circulating cortisol is transported bound to cortisol-binding
globulin (CBG). The remaining 5% is unbound, also called ‘free cortisol’, and is
therefore available for executing the previously mentioned functions of cortisol by
binding to the glucocorticoid and mineralocorticoid receptors (21). Cortisol bound to
CBG can be released, depending on the saturation of the CBG (the percentage of CBG
binding cortisol) and the affinity with which cortisol is bound to CBG. Cortisol-binding
affinity is reduced locally in case of local inflammation and systemically in case of
fever, leading to increased cortisol release from CBG (21).

Nowadays, cortisol can be measured by immunoassay or mass spectrometry in serum,
saliva, urine, and hair. Serum total cortisol is usually measured in the morning to
provide the peak cortisol concentration (22). Salivary cortisol on the other hand is
collected at midnight, to capture the physiologically lowest cortisol concentration
(23). Urinary free cortisol is usually measured in 24 h urine samples to provide the
mean cortisol excretion (24). Hair cortisol can be examined to determine long-term
cortisol exposure, which is until now only performed in research settings (25). Serum
ACTH concentrations are measured by immunoassay, and they are often measured
accompanying the morning serum total cortisol (26). Both salivary and hair cortisol
reflect free cortisol measurements.

As cortisol concentrations vary during the day, single cortisol measurements provide
limited information and are generally considered inadequate in determining normal
functioning of the HPA-axis. Therefore, dynamic stimulation as well as suppression
tests have been developed. In general, a rise in plasma glucocorticoids inhibits the
ACTH secretion from the anterior pituitary gland, thereby suppressing the activity of
the HPA-axis, whereas a fall in plasma glucocorticoids stimulates ACTH secretion
from the anterior pituitary gland, thereby stimulating the activity of the HPA-axis.
HPA-axis stimulation tests aim to maximize cortisol production from the adrenal
cortex, whereas HPA-axis suppression tests aim to minimize cortisol production.

The most commonly used stimulation test in clinical practice is the ACTH stimulation
test, which is used to test the maximum potential function of the adrenal glands
when insufficient functioning is clinically suspected. During the ACTH stimulation
test, usually a high dose (250 pg), or alternatively a low dose (0.5-1.0 pg), of ACTH is
administered, and cortisol is measured after 30 (and sometimes also after 60)
minutes and compared to the baseline cortisol measurement. Another stimulation
test is the CRH test, in which 100 pg of CRH is administered, and cortisol and ACTH
are measured for maximum increase compared to baseline (27). The insulin tolerance
(stress) test can be used to induce the physiological stress response by administering
insulin to induce hypoglycemia, leading to a rapid increase in catecholamines and

11



Chapter 1

cortisol concentrations. However, as this is a potentially hazardous test in selected
patients and uncomfortable for the patient, it is less commonly used (28). Finally, the
overnight metyrapone stimulation test can be used to test the HPA-axis, in which
patients are given a midnight metyrapone dose to inhibit the conversion of 11-
deoxycortisol to cortisol, resulting in increased ACTH secretion due to loss of negative
feedback in case of intact hypothalamic-pituitary function (29).

The low dose (1 mg) and high dose (8 mg) overnight dexamethasone suppression tests
are available to test whether endogenous cortisol production can be suppressed.
Because dexamethasone binds to the glucocorticoid receptor, both CRH and ACTH
production and release are inhibited, and therefore also cortisol production is
inhibited. Dexamethasone does not interfere with the assay used to measure cortisol
concentrations. The high dose overnight dexamethasone suppression test is more
potent in suppressing cortisol concentrations than the low dose test, but does not
result in meaningful higher discriminatory power and is therefore not often necessary
in the screening process of Cushing’s syndrome (27).

Endogenous hypercortisolism

Cortisol overproduction by the human body itself is called endogenous
hypercortisolism. The combination of clinical symptoms accompanying endogenous
hypercortisolism is now known as Cushing’s syndrome, and was first described in 1912
by Harvey Cushing (30):

“A syndrome of painful obesity, hypertrichosis, and amenorrhoea, with over-
development of secondary sexual characteristics accompanying a low grade of
hydrocephalus and increased cerebral tension. Pituitary, adrenal, pineal or ovary?”

An excess concentration of glucocorticoids induces specific metabolic changes and
thereby alter body composition, including fat maldistribution, muscle wasting, insulin
resistance, dyslipidemia, and hypercoagulability. Furthermore, risk of osteoporosis,
hypertension, and neuropsychiatric disorders is increased by hypercortisolism (4, 31).
Symptoms and signs associated with Cushing’s syndrome include weight gain (with
central obesity, rounded ‘moon’ face, and increased dorsal and supraclavicular fat
pads called ‘buffalo hump’), proximal muscle weakness, menstrual irregularities, loss
of libido, depression, hirsutism, and thinness and fragility of the skin (with acne,
purple striae, hyperpigmentation, and easy bruising) (Figure 2) (4, 32). Mortality is
high in untreated severe Cushing’s syndrome, with an estimated five-year survival
rate of only 50% (33).

12
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Endogenous hypercortisolism can be caused by a variety of etiologies (Table 1). The
majority of these etiologies are ACTH-dependent, meaning that ACTH secretion is
increased along with cortisol, and a minority of these etiologies are ACTH-
independent, meaning that cortisol concentrations are increased without increase in
ACTH concentrations (32). Cushing’s disease is the most common underlying cause of
endogenous hypercortisolism, with an incidence of 1.2-1.7 patients per million
persons each year (35), which accounts for approximately 70% of cases of endogenous
hypercortisolism (36). Cushing’s disease is caused by an ACTH-secreting pituitary
adenoma, which stimulates cortisol production by the cortex of the adrenal gland,
and disrupts the negative feedback mechanism. Ectopic Cushing’s syndrome results
from a non-pituitary ACTH-producing source, which is a rare cause of ACTH-
dependent Cushing’s syndrome and occurs in approximately 5% of cases (36). ACTH-
independent Cushing’s syndrome is caused by an adrenal adenoma or carcinoma,
which produces cortisol and thereby inhibits ACTH production by the pituitary gland,
with an incidence of 0.2-0.6 patients per million persons each year (35). Adrenal
Cushing’s syndrome accounts for approximately 25% of cases of endogenous
hypercortisolism (36). Other rare causes for Cushing’s syndrome are ectopic CRH
secretion, bilateral primary pigmented nodular adrenal hyperplasia, the ectopic
actions of gastric-inhibitory peptide or catecholamines, and other adrenal-dependent
processes associated with adrenocortical hyperfunction such as McCune-Albright
syndrome and Carney’s complex (32). These will not be further discussed in this
thesis.

Signs and symptoms of Cushing syndrome

Hump

Hirsutism -

Easy bruising
Abdominal weight gain —— [

Stretch marks

Figure 2: Signs and symptoms in Cushing’s syndrome, derived from Pluta et al. (34).
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Besides Cushing’s syndrome, several other diseases are associated with
hypercortisolism, formerly known as ‘pseudo-Cushing states’, now called ‘non-
neoplastic hypercortisolism’. These states need to be considered when diagnosing
Cushing’s syndrome, also because these patients show increased cortisol
concentrations, as well as varying degrees of symptoms associated with Cushing’s
syndrome. Non-neoplastic hypercortisolism is related to excessive alcohol intake,
depression and other psychiatric diseases, obesity, type 2 diabetes mellitus, insulin
resistance, polycystic ovary syndrome, chronic kidney disease, anorexia nervosa,
intense chronic exercise, and multiple sclerosis (37).

Treatment of Cushing’s syndrome

Treatment of Cushing’s syndrome is first aimed at reducing the disease burden of
symptoms associated with hypercortisolism by normalizing cortisol secretion, or at
least, reducing circulating cortisol concentrations. Further aims are restoring the
metabolic changes and reducing the risk of complications, such as hypertension and
diabetes mellitus, as well as reducing the increased mortality risk associated with
untreated Cushing’s syndrome. The ideal treatment leads to the highest percentage
of patients in remission after treatment (effectiveness), with the lowest complication
rate, and the lowest rate of disease recurrence (safety).

For Cushing’s disease, the first-choice treatment method is transsphenoidal pituitary
surgery. In 1907, Hermann Schloffer was the first to perform transsphenoidal
pituitary surgery (38). Around 1970, this technique was re-discovered and improved
due to the use of the operating microscope. This microscope allows selective removal
of the ACTH-producing adenoma instead of complete hypophysectomy, as was
performed early in the 20th century (39). Starting from 1992, the endoscope became
available for transsphenoidal pituitary surgery, which can be used either separately
or in combination with the microscope (40). Potential complications of
transsphenoidal pituitary surgery are meningitis, cerebrospinal fluid leakage,
bleeding, syndrome of inappropriate antidiuretic hormone release (SIADH), diabetes
insipidus, and anterior pituitary deficiencies. Repeat transsphenoidal surgery can be
performed in case of persistent or recurrent disease after first surgery. Radiotherapy
is recommended for patients with an invasive pituitary adenoma, and can be used in
case of persistent or recurrent disease. Although radiotherapy is generally highly
effective, a potential complication of radiotherapy is hypopituitarism, and it usually
takes several months before the first beneficial effects of radiotherapy are evident
(41).

First-choice treatment for ectopic Cushing’s syndrome is removal of the ACTH-
producing tumor. Adrenalectomy is the first-choice treatment in adrenal Cushing’s
syndrome if one adrenal gland is involved, removing the adrenal gland with the
cortisol-producing adenoma, or carcinoma. Bilateral adrenalectomy can also be

14



Table 1: Overview depicting the different types of hypercortisolism.

Exogenous
hypercortisolism

Pseudo-Cushing states
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Cushing’s disease
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producing tumor
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Low
Adrenal adenoma

High
High

Pituitary adenoma

Cortisol
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Cause

or carcinoma

kidney disease
Treatment of the
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Treatment
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medication
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and/or cortisol
lowering medication

adrenocorticotropic hormone

ACTH=
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performed in Cushing’s disease or ectopic
Cushing’s syndrome when a contra-
indication for the first-choice surgical
procedure exists (e.g. unidentified tumor,
metastatic ectopic tumor), or in case of
persistent or recurrent disease after first
surgery. Bilateral adrenalectomy has the
disadvantage of causing primary adrenal
insufficiency, necessitating life-long hydro-
cortisone and fludrocortisone replacement
therapy. Medical treatment aimed at
reducing cortisol concentrations (steroido-
genesis inhibitors) is recommended as
second-line treatment in patients with
Cushing’s  disease when surgery is
unsuccessful, as primary treatment in
patients with ectopic Cushing’s syndrome
with unidentified or metastatic tumor, and
as adjunctive therapy to reduce cortisol
concentrations in adrenocortical carci-
noma. Potential side effects vary per
medical agent (41). A complete summary
of cortisol-lowering drugs tested in
Cushing’s disease is provided by Ciato et
al., including site and mechanism of action
and development stage (42).

Criteria for diagnosis and remission of
Cushing’s syndrome

Cushing’s syndrome is diagnosed based on
both clinical grounds as well as bio-
chemical test results. Biochemical criteria
are dependent on the assay used.
Therefore, reference values should be
determined per laboratory for all used
biochemical parameters. The following
biochemical tests are considered relevant
for establishing the diagnosis of Cushing’s
syndrome: 24 h free urinary cortisol
excretion, midnight salivary cortisol, and
the 1 mg overnight dexamethasone
suppression test (43). To differentiate
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between ACTH-dependent and ACTH-independent Cushing’s syndrome, ACTH
concentrations are measured. In case of ACTH-dependent Cushing’s syndrome,
pituitary imaging by magnetic resonance imaging (MRI) can identify a pituitary
adenoma in the majority of cases. Computed tomography (CT) can be performed if a
contraindication for MRI exists, but its discriminatory power to detect intrasellar
pathology is very limited. If pituitary imaging remains inconclusive, bilateral
simultaneous sampling of the inferior petrosal sinuses (IPSS) can be performed to
confirm the pituitary origin of ACTH overproduction. If IPSS is negative, additional
imaging of the thorax and abdomen are performed to identify a potential ectopic
source of ACTH secretion. In case of ACTH-independent Cushing’s syndrome, adrenal
imaging by MRI or CT is used to identify an adrenal adenoma or carcinoma (44).

Remission status is determined based on clinical and biochemical criteria three
months after surgery. Patients are considered in remission if there is dependence on
hydrocortisone replacement, or hydrocortisone independence without any
biochemical signs of hypercortisolism, in combination with regression of clinical signs
(41). Patients are considered to have persistent Cushing’s syndrome if there is
absence of remission after the first operation and before a second intervention for
hypercortisolism is performed. Patients have recurrent disease if, after a period of
remission, there is re-occurrence of clinical signs as well as biochemical recurrence
of the hypercortisolism as measured by the aforementioned tests.

Exogenous hypercortisolism

When cortisol is administered as a medical agent, it is called hydrocortisone (1). A
variety of synthetic corticosteroids, which act similar to hydrocortisone, has been
developed, which can be administered in various ways, e.g. orally, via inhalation,
intranasally, topical application (e.g. skin, eye), intravenously, intra-muscularly, and
intra-articularly. Each has different characteristics, which results in a different
choice of agent per disease with varying treatment schedules (45).

Hypercortisolism due to the administration of corticosteroids as medication is called
exogenous hypercortisolism, which can lead to iatrogenic Cushing’s syndrome.
Corticosteroids are used in the treatment of inflammatory diseases (e.g. asthma,
rheumatic diseases), malignancies, and after organ transplantation, in order to
prevent an inflammatory response (2, 46). Both oral and inhalation corticosteroids
are used by approximately 1% of the adult population at any moment (46, 47).
Potential side effects of corticosteroid treatment are all symptoms listed for
endogenous hypercortisolism because corticosteroids bind to the same receptors as
cortisol. Additionally, use of corticosteroids as medical treatment can suppress the
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HPA-axis by binding to the glucocorticoid and mineralocorticoid receptors in the
hypothalamus and the anterior pituitary gland, lowering ACTH concentrations and
thereby suppressing adrenal function (45).

latrogenic Cushing’s syndrome can only be treated by reducing the dose of
corticosteroids. However, due to the potential suppression of the adrenal function
during the state of hypercortisolism, corticosteroid dose reductions should be
executed with caution to prevent adrenal insufficiency. Additionally, patients with
both exogenous and endogenous hypercortisolism may experience corticosteroid
withdrawal syndrome to a variable degree when corticosteroid doses are tapered too
quickly. Patients with corticosteroid withdrawal syndrome may experience a range of
symptoms that are difficult to interpret, e.g. fatigue, mood changes, diffuse aches,
and weakness, resulting from a decrease in cortisol concentrations, even though
adrenal function is sufficient (48).

Adrenal insufficiency

The state of hypocortisolism is known as adrenal insufficiency, because the adrenal
cortex is incapable of producing adequate cortisol concentrations. In primary adrenal
insufficiency, this is due to a disease of the adrenal gland itself, whereas in
secondary adrenal insufficiency lack of ACTH production leads to insufficient cortisol
production. The most common cause of adrenal insufficiency is exogenous
corticosteroid use. Secondary adrenal insufficiency, resulting from e.g. congenital
hypopituitarism, a pituitary tumor, or pituitary surgery, is the next most common
cause of adrenal insufficiency, with a prevalence of 1 in 3,000 persons. The most
common cause of primary adrenal insufficiency is Addison’s disease, due to
autoimmune adrenalitis, leading to destruction of the adrenal cortex. Other causes of
primary adrenal insufficiency are congenital adrenal hyperplasia (of which 21-
hydroxylase deficiency is the most common form), or bilateral adrenalectomy. All-
cause primary adrenal insufficiency is a rare condition with a prevalence of 1 in 8,000
persons, of which 85% is caused by an autoimmune disease (49, 50). Patients with
Cushing’s syndrome using cortisol-lowering medication can also experience adrenal
insufficiency if cortisol concentrations are suppressed excessively by the cortisol-
lowering medication without concurrent hydrocortisone replacement.

Patients with adrenal insufficiency generally present with fatigue, weight loss,
postural dizziness, anorexia and/or abdominal discomfort. Hyperpigmentation of the
skin can be present to a variable degree in primary adrenal insufficiency, as well as
low blood pressure with increased postural drop, and failure to thrive in children.
Furthermore, laboratory testing can show hyponatremia, hyperkalemia, and
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uncommonly hypoglycemia and hypercalcemia (51). Adrenal insufficiency is diagnosed
if cortisol remains under the test-specific cut-off value after a stimulation test using
ACTH, CRH, insulin-induced hypoglycemia, or metyrapone. As most symptoms are
nonspecific, diagnosis is often delayed. Mortality is increased in both treated and
untreated patients with adrenal insufficiency (50).

The most feared complication of adrenal insufficiency is a potentially life-threatening
situation called adrenal crisis, which represents an acute and severe state of
glucocorticoid deficiency. An adrenal crisis can occur after any situation with
increased demand for cortisol, e.g. any illness or psychological stress. There is no
consensus on the definition of adrenal crisis, and various definitions are used in both
clinical and research settings. The following definition may be most useful for clinical
practice: a combination of 1) Major impairment of general health with at least two of
the following signs and symptoms: hypotension, nausea or vomiting, severe fatigue,
fever, somnolence, hyponatremia or hyperkalemia, hypoglycemia, and 2) Clinical
improvement following parenteral glucocorticoid administration (52). Importantly,
patients with adrenal crisis can have many other nonspecific symptoms, e.g. weight
loss, dizziness, abdominal pain, fever, back and leg cramps, which can complicate a
correct and timely diagnosis of adrenal crisis.

Patients with adrenal insufficiency are treated with supraphysiological glucocorticoid
replacement to control symptoms of adrenal insufficiency and to prevent occurrence
of an adrenal crisis. On the other hand, overtreatment with glucocorticoids should be
avoided, to prevent symptoms of hypercortisolism. Typically, patients with adrenal
insufficiency receive 15-25 mg of hydrocortisone daily, divided into a larger dose in
the morning and two smaller doses at lunch and dinner time, to represent the normal
circadian cortisol secretion (49). An adrenal crisis is treated by an immediate bolus
injection of 100 mg of hydrocortisone intravenously or intramuscularly, followed by
continuous infusion of 200 mg hydrocortisone per 24 hours intravenously.
Furthermore, rehydration with a rapid intravenous administration of 1 L of isotonic
saline should take place within the first hour (53).

To prevent (recurrent) adrenal crisis, an endocrinologist and a specialist endocrine
nurse should periodically evaluate all patients with adrenal insufficiency, at least
once every 6-12 months. Patients should be educated about the risk of adrenal crisis,
including recognition of symptoms of adrenal crisis, and about correct dose
adjustment of glucocorticoid replacement. As a rule, the glucocorticoid replacement
dose should be doubled during illness with fever that requires bed rest or antibiotics.
Furthermore, glucocorticoids should be administered intravenously or intramuscularly
during longer periods of vomiting or diarrhea, during preparation for colonoscopy,
and in case of acute trauma or surgery. The patient with adrenal insufficiency and
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partner or parents should know how to (self-)administer intramuscular
hydrocortisone, and they should be in possession of a hydrocortisone emergency
injection kit. Finally, patients with adrenal insufficiency should carry a steroid
emergency card (Figure 3) (53).

4{ Patient with adrenal insufficiency ‘—> Hydrocortisone replacement therapy

15-25 mg/day in 3 doses

-

: Bolus injection of 100 mg hydrocortisone

: Continuous infusion of 200 mg
hydrocortisone per 24 hours

: Rehydration with isotonic saline

N

Adrenal crisis

w

1: Frequent review by endocrinologist
: Patient education about adrenal crisis
3: Double dose of glucocorticoids during
illness with fever
4: Intravenous or intramuscular
glucocorticoid replacement during
vomiting or diarrhea, preparation for
colonoscopy, and in case of acute trauma
or surgery
5: Patient and partner/parents can
(self-)administer hydrocortisone
: Patient is in possession of hydrocortisone
emergency kit

N

Prevention of (recurrent) 6
adrenal crisis

Figure 3: Management of patients with adrenal insufficiency.

Outline of the thesis

Endogenous Cushing’s syndrome is rare, but hypercortisolism due to use of exogenous
corticosteroids is not. Severe complications due to exogenous hypercortisolism are
underestimated and not well-recognized in clinical practice, including mortality and
adrenal insufficiency. Endogenous Cushing’s syndrome on the other hand causes high
morbidity and mortality rates, and therefore treatment of this rare syndrome should
be optimized. Furthermore, Cushing’s syndrome can serve as a model for long-term
exposure to stress, which also leads to high concentrations of cortisol. Research on
the topic of Cushing’s disease before and after treatment will therefore inform us
about potential consequences of long-term exposure to stress, both during periods of
stress as well as after abrogation of the stress-inducing situation.
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Part I: Complications of corticosteroid use

In part | of this thesis, the complications of corticosteroid use will be explored.
Adrenal insufficiency is a well-known complication of corticosteroids use. However, it
is unknown in which patients, or under which circumstances, this complication
occurs. In Chapter 2 and in Appendix |, the literature is systematically reviewed and,
by use of meta-analysis, the proportion of patients with adrenal insufficiency after
use of corticosteroids is estimated per route of administration, underlying disease,
treatment dose, and treatment duration, to identify patients with high risk of adrenal
insufficiency. Mortality may be increased in patients using corticosteroids as
medication. However, both corticosteroid use, and mortality, depend on underlying
disease. Therefore, in Chapter 3, we examined all patients with incident perforated
diverticular disease in Denmark, and compared mortality rates between patients that
used corticosteroids and patients that did not use corticosteroids to find if use of
corticosteroids causes excessive mortality in patients with perforated diverticular
disease.

Part ll: Treatment outcome in Cushing’s syndrome

For the first-choice treatment in Cushing’s disease, selective transsphenoidal
adenomectomy, two surgical techniques are in use: microscopy and endoscopy. Until
now, only few small cohort studies have compared both techniques, so insufficient
evidence exists to recommend use of one technique over the other. In Chapter 4, we
compare both techniques in the large Leiden cohort of patients treated at our
referral center, aiming to find differences in surgical outcome, e.g. remission rate
and recurrence rate, and in complication rates, e.g. cerebrospinal fluid leakage and
anterior pituitary deficiencies. This subject is further investigated in Chapter 5,
where we perform a systematic review of the literature regarding microscopic and
endoscopic transsphenoidal surgery. We use meta-analysis to find differences
between both techniques that indicate a preference for either technique based on
surgical outcome or complication rates. Medical treatment aimed at reducing cortisol
concentrations is used regularly in patients with contraindications to surgery or in
case of persistent or recurrent disease. To explore effectiveness and potential side
effects of this treatment method, we systematically reviewed the literature and
performed meta-analyses per cortisol-lowering drug in Chapter 6.

Part lll: Clinical outcome in Cushing’s syndrome

Cushing’s disease occurs more often in females than in males, and males are thought
to be at higher risk for ectopic Cushing’s syndrome than females. In Chapter 7, we
study a cohort of patients from Leiden and Berlin to determine whether there are
differences between both sexes regarding clinical presentation, diagnostic strategy,
and treatment outcome in ACTH-dependent Cushing’s syndrome. A potential serious
complication of treatment of Cushing’s syndrome is adrenal crisis due to inadequately
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treated adrenal insufficiency. However, it is unknown how often this complication
occurs, and which patients may be at increased risk of developing adrenal crisis after
treatment for Cushing’s syndrome. We determine the incidence of adrenal crisis in a
population of successfully treated patients with Cushing’s syndrome from Leiden and
Berlin and explore patient characteristics for potential risk factors for adrenal crisis
in Chapter 8. Hypercortisolism also negatively affects cognition and quality of life,
which may even be present in the long-term. In Chapter 9, we perform a systematic
review of the literature and we determine by meta-analysis if patients improve in
quality of life and cognitive functioning after treatment. We also determine if
patients normalize regarding quality of life and cognitive functioning by comparing
their outcomes to scores from a healthy control population.
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Chapter 2

Abstract

Objective

We aimed to estimate pooled percentages of patients with adrenal insufficiency after
treatment with corticosteroids for various conditions in a meta-analysis. Secondly, we
aimed to stratify the results by route of administration, disease, treatment dose, and
duration.

Methods

We searched seven electronic databases (PubMed, MEDLINE, EMBASE, COCHRANE,
CENTRAL, Web of Science, and CINAHL/Academic Search Premier) in February 2014
to identify potentially relevant studies. Original articles testing adult corticosteroid
users for adrenal insufficiency were eligible.

Results

We included 74 articles with a total of 3,753 participants. Stratified by administration
form, percentages of patients with adrenal insufficiency ranged from 4.2% for nasal
administration (95% confidence interval [CI]: 0.5%-28.9%) to 52.2% for intra-articular
administration (95% Cl, 40.5%-63.6%). Stratified by disease, percentages ranged from
6.8% for asthma with inhalation corticosteroids only (95% Cl: 3.8%-12.0%) to 60.0% for
hematological malignancies (95% Cl: 38.0%-78.6%). The risk also varied according to
dose from 2.4% (95% Cl: 0.6%-9.3%) (low dose) to 21.5% (95% Cl: 12.0%-35.5%) (high
dose), and according to treatment duration from 1.4% (95% Cl: 0.3%-7.4%) (<28 days)
to 27.4% (95% Cl: 17.7%-39.8%) (>1 year) in asthma patients.

Conclusions

1) Adrenal insufficiency after discontinuation of glucocorticoid occurs frequently; 2)
There is no administration form, dosing, treatment duration, or underlying disease
for which adrenal insufficiency can be excluded with certainty, although higher dose
and longer use give the highest risk; 3) The threshold to test corticosteroid users for
adrenal insufficiency should be low in clinical practice, especially for those patients
with nonspecific symptoms after cessation.
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Introduction

Corticosteroids are widely used for the treatment of various inflammatory conditions
and malignancies and after organ transplantation. Therapy with corticosteroids is
targeted toward inhibition of an inflammatory response (1-3). However, the use of
corticosteroids is associated with numerous side effects and is considered to be the
most common cause of adrenal insufficiency (4, 5). Chronic use of corticosteroids
inhibits the function of the hypothalamic-pituitary-adrenal axis by negative feedback,
which may cause adrenal insufficiency also after the cessation of corticosteroid
treatment (4, 6). Adrenal insufficiency is a serious, potentially life-threatening side
effect of corticosteroid use. Therefore, patients may require glucocorticoid
replacement therapy after chronic use of corticosteroids in periods of stress, such as
trauma, surgery, or acute illness, until full recovery of adrenal function. In some
cases, chronic replacement with physiological doses of glucocorticoid therapy is
indicated (7-9).

Neither treatment dose and duration, nor administration form, nor random serum
cortisol measurements seem to accurately predict the development of adrenal
insufficiency after the use of corticosteroids (10, 11). The magnitude of the risk of
developing this side effect is unclear. Given the high prevalence of corticosteroid
users, it is of great clinical relevance to try to obtain knowledge about the risk of
developing adrenal insufficiency.

Objective of the study

The aim of this study is to perform a systematic review and meta-analysis of the
percentage of patients that develops adrenal insufficiency after the use of
corticosteroids. Secondary aims are to stratify the results by route of administration,
underlying disease, treatment dose, and duration, and to perform a separate analysis
for the studies that repeated the test for adrenal insufficiency.

Methods

Eligibility criteria

Original studies assessing adrenal insufficiency in adult human corticosteroid users
were eligible for inclusion. The diagnosis of adrenal insufficiency had to be
established by one of the following tests: the insulin tolerance test, ACTH stimulation
tests (0.5, 1, or 250 pg), CRH test, or metyrapone test. There were no restrictions in
dose, duration, or type of corticosteroid therapy. Eligible administration forms of
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corticosteroids were oral, inhalation, topical, nasal, intra-articular injection, and
intra-muscular injection.

Articles were excluded if the examined population was not at risk of adrenal
insufficiency secondary to the use of corticosteroids (e.g., corticosteroid replacement
therapy for primary or secondary adrenocortical failure, if not all patients used
corticosteroids, or if patients included in the study were selected on the basis of
having adrenal insufficiency). Articles were also excluded if no data or insufficient
data were presented to analyze adrenal insufficiency after corticosteroid use.

Inclusion of articles was restricted to those in English and to articles that included at
least 10 subjects to minimize the risk of selection bias. Articles containing the
following populations were excluded: pregnant women, intensive care patients, and
patients receiving corticosteroids perioperatively. Because we aimed to include
studies in individuals aged 12 years or older, no dose corrections for body surface
area were deemed necessary. If an article presented data for multiple study groups,
of which some were eligible for inclusion, eligible study groups were included if the
pertinent data could be extracted. Articles were also excluded if they were
duplicates from already included articles or if they examined the same population as
an already included article. Articles that were not retrievable online were requested
by contacting the authors.

Definition of adrenal insufficiency

The cutoff value for serum cortisol used to define adrenal insufficiency was <500
nmol/L or higher (such as <550 nmol/L) to include as many articles as possible that
have a low false-negative rate for adrenal insufficiency (12-14). Two articles were
included that used a cutoff of 2 standard deviation (SD) values below the cortisol
value from a reference group within the study population, and one article was
included that had a different cutoff value due to assay technique (<370 nmol/L).
After using the metyrapone test, cortisol had to be at least 200 nmol/L (12). If no
cutoff had been provided or if the cutoff used was not 500 nmol/L but individual data
were presented, a cutoff of 500 nmol/L was employed to identify patients with
adrenal insufficiency. A separate sensitivity analysis was performed for articles
testing adrenal insufficiency at least 24 hours after the last use of corticosteroids
(12).

Search strategy

In February 2014, PubMed, MEDLINE, EMBASE, COCHRANE, CENTRAL, Web of Science,
and CINAHL/Academic Search Premier were searched in cooperation with a
specialized librarian to identify potentially relevant articles (see Supplemental Data 1
for complete search string). References of key articles were also assessed to identify
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potentially eligible articles. Only articles published from 1975 to the present were
searched because radioimmunoassay (RIA) for cortisol became available shortly
before the start of that year (15). Randomized controlled trials, cohort studies, and
cross-sectional studies were considered, whereas case-control studies and case series
are not suitable to estimate absolute risks (16).

Data extraction

All identified articles were entered in Reference Manager version 12 (Thomson
Reuters) and were first screened on title and abstract. Potentially relevant articles
were then reviewed in detail before inclusion into this meta-analysis. Two different
reviewers performed both the screening of the title and abstract and the review in
detail for potentially relevant articles. Articles containing more than one study group
had multiple entries in this meta-analysis. The Meta-analysis Of Observational Studies
in Epidemiology (MOOSE) guidelines were used for reporting (17).

Risk of bias assessment

Study elements that could potentially bias an association between corticosteroid use
(exposure) and the development of adrenal insufficiency (outcome) were assessed for
all included articles. Risk of selection bias was considered low if consecutive exposed
patients or a random sample of exposed patients was included (thereby preventing
selection bias) and if eligibility criteria were reported. Ascertainment of exposure to
corticosteroids was considered adequate if this was done by protocol or medical
record. Measurement of adrenal insufficiency was considered adequate if RIA was
used for measuring cortisol concentrations (15). Loss to follow-up <5% was considered
a low risk of bias for randomized controlled trials and cohort studies. Studies not
following these criteria harbor a higher risk of bias. We did not exclude these articles
from analyses because this would result in a very low number of studies available for
systematic review and meta-analyses.

Statistical analysis

The main outcomes of this meta-analysis were the pooled percentages of patients
with adrenal insufficiency after corticosteroid use, stratified by administration form,
disease, treatment dose, and treatment duration. Percentages were pooled in a
random-effects logistic regression model. A fixed logistic regression model was used
when the number of studies in a particular subgroup was less than five. Analyses were
performed with Stata version 12.1 (StataCorp).

Analysis stratified by administration form was based on administration forms used at
the time of adrenal testing. If studies included patients using multiple types of
corticosteroids (for example, use of inhalation corticosteroid next to oral
corticosteroids), this was classified as multiple administration forms. Disease groups
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are: asthma (including chronic obstructive pulmonary disease) with only inhalation
corticosteroids, asthma (including chronic obstructive pulmonary disease) with other
administration forms (including multiple administration forms) of corticosteroids,
allergic rhinitis and rhinosinusitis, dermatological disorders (psoriasis, atopic
dermatitis, and lichen planus), rheumatic diseases (including osteoarthritis and
rheumatoid arthritis), renal transplant, hematological cancers (including myeloma,
lymphoma, acute lymphoblastic leukemia, and Hodgkin’s disease), nasal polyposis,
cystic fibrosis, and Crohn’s disease. Diseases that were studied in one study only
were not included in the analysis of adrenal insufficiency after the use of
corticosteroids stratified by condition.

Treatment duration was categorized as follows: <1 month use, short term; 1 month to
1 year, medium term; and >1 year, long-term use. Treatment dose was categorized
according to recommended doses, with the doses between the lower and upper
bounds of the recommendation coded as medium dose, doses below the lower bound
as low dose, and doses above the upper bound as high dose. Because the most used
doses were supraphysiological, doses were not grouped according to physiological and
supraphysiological dose. Limits used for the aim of categorization of dose groups and
references can be found in Supplemental Data 2. For categorization, the average
dose and duration were used. Studies not reporting treatment dose or duration could
not be included in the respective stratified analysis. Not included in the treatment
duration analysis were articles with multiple short courses of corticosteroids spread
out over a period of time longer than 1 month. Analysis of the percentage of patients
with adrenal insufficiency by treatment dose and by treatment duration was
performed in asthma patients only, as opposed to the entire population of
corticosteroids users, to provide a homogeneous patient population.

Separate analysis of study groups that performed repeated tests after discontinuation
of corticosteroids was performed. Retesting 4 weeks after cessation of corticosteroid
therapy was predominantly performed after a short-term, high-dose corticosteroid
treatment regimen, whereas retesting 6 months after cessation of corticosteroid
therapy predominantly occurred after long-term corticosteroid use in a medium-dose
regimen. These two groups were therefore separated in the analysis. The percentage
of patients with adrenal insufficiency at the retest was calculated as the number of
patients with adrenal insufficiency at the retest divided by the total number of
patients that were measured at time of the first test.

Sensitivity analyses were performed for studies using the ACTH 250-pg test only to
exclude test heterogeneity and for studies using the RIA only because this is the
preferred assay to detect cortisol. All sensitivity analyses were performed in asthma
patients only, to minimize patient heterogeneity. No sensitivity analysis for insulin
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tolerance test use only was performed because there were only three studies using
this test, and none of them included asthma patients.

Results

Study selection

The initial search provided 3,600 unique articles. By assessment of references of key
articles, another 16 articles were found, yielding a total of 3,616 articles. After
screening titles and abstracts, 365 articles remained for detailed review. Reasons for
exclusion are shown in Supplemental Data 3. Finally, 74 articles were included in this
meta-analysis, containing a total of 136 study groups. Although in principle articles
containing patients below the age of 12 years were excluded, two articles including
patients from 9 to 11 years old were included because most of the patients in these
articles were above the age of 12. One article could not be retrieved even after
contacting the first author (18).

Study characteristics

Study characteristics are shown in Supplemental Data 4. Included studies were
published from 1975 to 2014. Of the 74 articles, 36 were clinical trials (19-54), 23
were cohort studies (1, 2, 8, 11, 55-73), and 15 were cross-sectional studies (10, 74-
87). The 136 study groups contained a total of 3,753 participants, of which 124 were
healthy volunteers. There were 68 studies on asthma patients, eight studies on
rhinitis or rhinosinusitis patients, 12 studies on patients with dermatological
conditions (psoriasis, atopic dermatitis, and lichen planus), eight studies on patients
with rheumatological disorders (including rheumatoid arthritis and osteoarthritis),
eight studies on renal transplant patients, four studies on patients with hematological
malignancies, two studies on patients with nasal polyposis, three studies on patients
with cystic fibrosis, two studies on patients with Crohn’s disease, and one study each
on patients with glaucoma, kidney and pancreas transplantation, bronchiectasis,
various carcinomas, and giant cell arteritis, respectively. There were eight studies on
patients with various conditions.

Risk of bias assessment

Inclusion of consecutive exposed patients or use of a random sample of exposed
patients was explicitly stated in 17 articles (23%). Eligibility criteria were reported in
48 articles (65%). In 38 articles (51%), it was unclear how exposure to corticosteroids
was ascertained. The remaining 36 articles did this by the use of a protocol or by
retrieving data from medical records. In 14 articles (24%), loss to follow-up was
reported. Reported loss to follow-up in these articles was 0 to 12.7%. Loss to follow-
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up exceeded 5% in one cohort study and two clinical trials. Details of risk of bias
analysis at the level of individual studies are shown in Supplemental Data 5.

Study outcomes

Of the 3,753 participants, 1,190 were diagnosed with adrenal insufficiency. The ACTH
250-pg test was used by 103 study groups, and the time between the last dose of
corticosteroids and the test for adrenal insufficiency was reported to be 24 hours or
longer in 79 study groups. In seven study groups including 199 patients, use of other
corticosteroids was allowed as co-medication. Details of study outcomes and tests
used at the level of individual studies are shown in Supplemental Data 6.

Adrenal insufficiency and symptoms of adrenal insufficiency

In only 10 study groups, symptoms of adrenal insufficiency were reported. In total, 10
of 521 patients reported symptoms of adrenal insufficiency. Symptoms were not
scored systematically in either of the articles. After testing, 98 patients appeared to
have adrenal insufficiency within these study groups. Consequently, 88 patients
would have been missed when only patients with symptoms of adrenal insufficiency
had been tested.

Pooled analysis: adrenal insufficiency by administration form (Figure 1)

The percentage of adrenal insufficiency was 48.7% (95% confidence interval [CI]:
36.9%-60.6%) after oral administration of corticosteroids. The results for other
administration forms were: 7.8% (95% Cl: 4.2%-13.9%) for inhalation, 4.7% (95% ClI:
1.1%-18.5%) for topical administration, 4.2% (95% Cl: 0.5%-28.9%) when administered
intranasally, and 52.2% (95% Cl: 40.5%-63.6%) in patients that used intra-articular
corticosteroids. The use of multiple administration forms of corticosteroids resulted
in a pooled percentage of adrenal insufficiency of 42.7% (95% Cl: 28.6%-58.0%).

Pooled analysis: adrenal insufficiency per condition (Figure 2)

Pooled percentages of adrenal insufficiency per condition are presented in Figure 2
for conditions with at least two studies. Pooled percentages ranged from 6.8% to
60.0%. Asthma patients had an overall percentage adrenal insufficiency of 11.1% (95%
Cl: 6.8%-17.7%). This was lower for patients with asthma using inhaled corticosteroids
(6.8%; 95% Cl: 3.8%-12.0%), than for asthma patients using other administration forms
including oral (43.7%; 95% Cl: 27.3%-61.6%).
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Absolute
Patients risk (95% CI)
1419 —— 48.7 (36.9, 60.6)
1418 - 7.8(4.2,13.9)
320 -— 4.7 (1.1, 18.5)
173 — 4.2 (0.5, 28.9)
69 —— 52.2 (40.5, 63.6)
354 — 42.7 (28.6, 58.0)
T T

T T
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Figure 1: Meta-analysis, adrenal insufficiency after corticosteroids use by administration form.

Absolute

Condition Studies Patients risk (95% CI)
Asthma 68 1692 - 11.1 (6.8, 17.7)
Asthma - inhalation only 54 1317 - 6.8 (3.8, 12.0)
Asthma - other administration forms 14 375 — 43.7 (27.3, 61.6)
Rhinitis/rhinosinusitis 8 195 —— 19.0 (4.8, 52.2)
Psoriasis/atopic dermatitis/lichen planus 12 273 - 8.9 (2.4, 27.9)
Rheumatic disorders 8 236 —— 39.4 (27.5, 52.6)
Renal transplant 8 176 — 56.2 (42.9, 68.6)
Haematological cancers 4 20 — 60.0 (38.0, 78.6)
Nasal polyposis 2 52 —— 46.2 (33.2,59.7)
Cystic fibrosis 3 49 — 49.0 (34.4,62.7)
Crohn's disease 2 69 —— 52.2 (40.5, 63.6)

T T T T

0 25 50 75 100

Figure 2: Meta-analysis, adrenal insufficiency after corticosteroids use per condition.
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Adrenal insufficiency by treatment dose and treatment duration (Figure 3)
Analysis per treatment dose and treatment duration was performed in asthmatic
patients only for reasons of population homogeneity. Use of corticosteroids in low,
medium, or high doses resulted in a percentage of adrenal insufficiency of 2.4% (95%
Cl: 0.6%-9.3%), 8.5% (95% Cl: 4.2%-16.8%), and 21.5% (95% Cl: 12.0%-35.5%),
respectively. Use of corticosteroids for a short, medium, or long term resulted in a
percentage of adrenal insufficiency of 1.4% (95% Cl: 0.3%-7.4%), 11.9% (95% Cl: 5.8%-
23.1%), and 27.4% (95% Cl: 17.7%-39.8%), respectively.

If performed in asthma patients using inhaled corticosteroids only, the percentages of
adrenal insufficiency in low, medium, and high doses were 1.5% (95% Cl: 0.2%-9.4%),
5.4% (95% Cl: 2.7%-10.4%), and 18.5% (95% Cl: 8.7%-35.2%), respectively. In short-,
medium-, and long-term treatment duration groups, percentages of adrenal
insufficiency were 1.3% (95% Cl: 0.2%-7.2%), 9.0% (95% Cl: 4.3%-17.9%), and 20.3%
(95% Cl: 12.4%-31.6%), respectively (data not presented in figure).

Absolute

Outcome Studies Patients risk (95% CI)
Short term 20 420 - 1.4 (0.3,7.4)
Medium term 28 738 -— 11.9 (5.8, 23.1)
Long term 17 483 —— 27.4 (17.7, 39.8)
Low dose 9 248 — 2.4 (0.6, 9.3)
Medium dose 33 900 - 8.5(4.2,16.8)
High dose 23 464 — 21.5 (12.0, 35.5)

T T

T T
0 25 50 75 10

Figure 3: Meta-analysis, adrenal insufficiency per dose and duration in asthma patients.
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Adrenal insufficiency after retesting (Figure 4)

Analysis of retests was split into studies that retested after 4 weeks, using mainly
short-term, high-dose corticosteroids, and studies that retested after 6 months, using
mainly long-term, medium-dose corticosteroids. Studies retesting after 4 weeks had a
percentage of adrenal insufficiency after their first test of 38.7% (95% Cl: 21.7%-
58.8%). After 4 weeks, retesting showed a percentage of adrenal insufficiency of
14.9% (95% Cl: 6.8%-29.5%). Studies retesting after 6 months had a percentage of
adrenal insufficiency after their first test of 56.4% (95% Cl: 38.2%-72.9%). After 6
months, the percentage of patients with adrenal insufficiency was still 25.3% (95% Cl:
19.4%-32.3%).

Absolute

Time Studies Patients risk (95% CI)
Short term / high dose
First test 6 141 —_— 38.7 (21.7, 58.8)
Re-test after 4 weeks 6 141 — 14.9 (6.8, 29.5)
Long term / medium dose
First test 5 174 —_— 56.4 (38.2, 72.9)
Re-test after 4 weeks 5 174 —— 25.3(19.4, 32.3)

T T T

T
0 25 50 75 10
Figure 4: Meta-analysis, adrenal insufficiency after corticosteroids use by time of test.

Sensitivity analysis

For the sensitivity analysis, we combined all studies with asthma patients, which
resulted in a percentage of adrenal insufficiency of 11.1% (95% Cl: 6.8%-17.7%) as a
reference group. When only studies were included that explicitly tested for adrenal
insufficiency at least 24 hours after the last corticosteroid dose, the percentage of
adrenal insufficiency was slightly lower (6.6%; 95% Cl: 2.2%-18.3%). When performed
on studies using the ACTH 250-pug test only, a percentage of 8.5% (95% Cl: 4.7%-14.8%)
was found. When performed on studies using RIA only, a percentage of 14.7% (95% Cl:
7.1%-27.9%) was found.
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Discussion

We performed a systematic review and meta-analysis to estimate the percentage of
patients that develop adrenal insufficiency after the use of corticosteroids.
Depending on administration form, the percentage of patients with adrenal
insufficiency varied from 4.2% for nasal corticosteroids to 52.2% for intra-articular
corticosteroids. Stratified by disease, percentages ranged from 6.8% for asthma
patients with inhalation corticosteroids only to 60.0% for patients with hematological
malignancies. According to dose, the percentage of adrenal insufficiency varied from
2.4% (low dose) to 21.5% (high dose), and according to treatment duration from 1.4%
(<28 days) to 27.4% (>1 year) in asthma patients. This means that there is no
administration form, disease, dose group, or treatment duration for which the risk of
adrenal insufficiency can be safely excluded. Although the percentage of patients
with adrenal insufficiency after corticosteroids use declines over time, a substantial
number of patients remained adrenal insufficient after 6 months.

This is the first meta-analysis providing a broad view on the risk of adrenal
insufficiency after use of various types of corticosteroids for several diseases. To the
best of our knowledge, only one meta-analysis (88) has been published on
appropriately tested adrenal insufficiency in asthma, reporting percentages of
adrenal insufficiency ranging from 5.5% to 13.3%. In the current meta-analysis, we
found a percentage of 6.8% of adrenal insufficiency in asthmatic patients using
inhaled corticosteroids, which is in line with results from the meta-analysis
mentioned.

Included studies displayed heterogeneity in the type of corticosteroid used,
underlying condition, treatment dose, treatment duration, and route of
administration. It is important to consider that this heterogeneity reflects clinical
practice. It should also be kept in mind that condition, treatment dose, treatment
duration, and route of administration are clearly related. In our stratified analysis,
we did not adjust for all mutually dependent factors, mainly because these factors
are related in clinical practice as well, but also because meta-regression techniques
would fall short in the absence of individual patient level data to disentangle these
clearly related factors. Differences in the percentage of patients with adrenal
insufficiency per condition may partly be explained by treatment dose and duration,
partly by administration form, and partly by the nature of the disease. Higher
treatment dose and longer treatment duration give higher systemic levels of
corticosteroids, and therefore higher percentages of adrenal insufficiency (89). This
might explain the low risk of adrenal insufficiency in nasal corticosteroids use and the
high risk of adrenal insufficiency in rheumatic diseases, after renal transplant, in
hematological malignancies, and when multiple administration forms are used. The
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use of oral corticosteroids results in higher systemic levels of corticosteroids than in
cases of inhalation, topical, and nasal corticosteroids use, and consequently leads to
higher percentages of adrenal insufficiency (32). The use of nasal as well as oral and
inhalation corticosteroids in rhinitis and rhinosinusitis patients might have
contributed to the higher percentage of adrenal insufficiency than in patients using
nasal corticosteroids only. The use of only topical corticosteroids in patients with
psoriasis, atopic dermatitis, or lichen planus may explain the low percentage of
patients with adrenal insufficiency. The different administration forms in asthma
patients may largely explain the low percentage of adrenal insufficiency in patients
with asthma using only inhalation corticosteroids and the high percentage of adrenal
insufficiency in asthma patients using other administration forms of corticosteroids.
Intra-articular corticosteroids are administered at high doses and are known to
suppress serum cortisol levels within 24-48 hours, recovering only after 1-4 weeks
(90). This might explain the high percentage of adrenal insufficiency after the use of
intra-articular corticosteroids. The high rate of adrenal insufficiency is probably also
a reflection of the fact that these injections are depot formulations. The presence of
adrenal insufficiency in such situations may in part be due to the continued presence
of corticosteroids in the body, whereas reduction of steroid levels will be gradual
rather than abrupt. Most studies did not provide data on treatment adherence, and
assessing the impact of (non-)adherence on risk of adrenal insufficiency was
therefore not possible. Because all included studies were observational, the results of
our meta-analyses are likely to reflect clinical practice.

Included studies also showed heterogeneity in cortisol assay and in the type of
cortisol tests performed. The sensitivity analysis did not reveal any material
difference in overall percentage of adrenal insufficiency if only articles using a RIA
were included, or if only articles using the ACTH 250-pg test were included. Although
the diagnostic performance of RIA in the routine evaluation of adrenocortical
function is considered superior to other competitive protein-binding analytical
methods, like fluorimetry (91, 92), the chemiluminescence immunoassay seems to
have comparable diagnostic performance and accuracy to RIA (93). It should be kept
in mind that test criteria for adrenal insufficiency available in clinical practice have a
high sensitivity rather than a high specificity, and therefore the number of false-
positive test results is not negligible. None of the studies retrieved by our literature
search used the more modern tandem mass spectrometry (94).

Several pathophysiological pathways may be involved in the development of adrenal
insufficiency after the use of corticosteroids. It is certainly relevant to disentangle
these different pathways and address the question of whether differences in dosage,
treatment duration, and type of corticosteroid differentially affect the activity of the
hypothalamic-pituitary-adrenal axis. However, in our review we aimed to evaluate
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the effect of corticosteroids on adrenal function in clinical practice instead of
disentangling the exact mechanisms of adrenal insufficiency.

There was no sensitivity analysis performed for low risk of bias articles only, because
there was only one article with low risk of bias (based on the inclusion of patients
and loss to follow-up) within the group of studies with asthma patients only. If only
studies with a time gap of at least 24 hours between the last dose of corticosteroids
and the test for adrenal insufficiency were included, the percentage of adrenal
insufficiency decreased only slightly. In our main analyses, we included articles
irrespective of the time between last corticosteroid use and time of test. It is
important to keep in mind that the percentage of patients with adrenal insufficiency
would have been slightly higher than estimated in this meta-analysis had all articles
used a time gap of at least 24 hours between the last dose of corticosteroids and the
time of the test.

Corticosteroids are used by at least 1% of the population (3). The risk of developing
adrenal insufficiency in these patients is 1.4% to 60.0%, and symptoms of mild to
moderate adrenal insufficiency, like fatigue and abdominal discomfort, are
nonspecific and therefore difficult to ascribe to adrenal insufficiency. In addition,
accurate predictors are not available to distinguish between the patients that will
become adrenal insufficient and those that will not. Also there is insufficient
evidence to prove any withdrawal scheme after steroid use to be efficient or safe
(95). Therefore, we recommend that all patients with unexplained symptoms after
steroid withdrawal be tested for possible adrenal insufficiency. In case of insufficient
response, treatment should be initiated with physiological doses of hydrocortisone.

In conclusion, this study demonstrates that all patients using corticosteroid therapy
are at risk for adrenal insufficiency. This implies that clinicians should: 1) Inform
patients about the risk and symptoms of adrenal insufficiency; 2) Consider testing
patients after cessation of high-dose or long-term treatment with corticosteroids; and
3) Display a low threshold for testing, especially in those patients with nonspecific
symptoms after cessation.
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Abstract

Background

Corticosteroids are a potential risk factor for mortality in patients with perforated
diverticular disease, due to blinding of disease severity, hampered wound healing or
adrenal insufficiency. We examined mortality in corticosteroid users and non-users
among patients with perforated diverticular disease.

Methods

A cohort study based on medical databases including all patients >18 years in
Denmark (source population 5,289,261 inhabitants) admitted to a hospital with
incident perforated diverticular disease between 2005 and 2013. 7-day, 1-month, 3-
month and 1-year mortality risks in corticosteroid users and non-users were
calculated using the Kaplan-Meier method, and compared with Cox proportional
hazard regression adjusted for age, sex and comorbidities.

Results

The study included 4,640 patients with perforated diverticular disease. Of these,
3,743 (80.7%) had not used corticosteroids in the year before admission and 725
(15.6%) had been exposed to systemic corticosteroid treatment. The remaining 172
patients had been exposed to either inhaled or intestinal acting corticosteroid
therapy. Mortality risk in non-users was 4.4% after 7 days and 15.6% after 1 year. This
risk was doubled for corticosteroid users who filled their last prescription during the
90 days before admission, with mortality risks ranging from 14.2% after 7 days to
47.6% after 1 year. 1-year mortality risk was even higher for corticosteroid users with
a first filled prescription <90 days before admission: 52.5%.

Conclusions

Corticosteroid use was associated with clearly increased mortality risk after
perforated diverticular disease. Thus, use of corticosteroids should be regarded as an
important clinical prognostic factor for mortality in patients with this condition.
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Introduction

In Western countries, the prevalence of colonic diverticular disease reaches 50%
among persons aged 60 and older (1, 2). Although most patients remain
asymptomatic, the lifetime risk for developing diverticulitis is ~10%-25% (3), which is
known to present with perforation (4, 5). The incidence of perforated diverticular
disease is ~4 per 100,000 persons each year, reported in hospital records in the UK of
Great Britain and Northern Ireland and the USA (6). Mortality after perforated
diverticular disease requiring operative intervention has been reported to be as high
as 12%-36% in small cohort studies (78-121 cases) (7, 8). Given this high mortality
risk, a better understanding of prognostic factors associated with mortality is clearly
needed.

Use of corticosteroids is a potential prognostic factor affecting mortality in patients
with perforated diverticular disease. Corticosteroids are widely prescribed for
inflammatory diseases, malignancies and after organ transplantation, in order to
inhibit an inflammatory response (9-11). At the same time, corticosteroids have been
associated with bowel perforation in patients with diverticular disease. Three case-
control studies reported increased odds ratios of 1.7 to 28.3 and one cohort study
reported a relative risk of 2.2 (12-15). A recent meta-analysis showed odds ratios for
perforation of diverticular disease after use of corticosteroids of 2.17 to 31.90 (16).

There are several reasons why mortality may be increased in patients with perforated
diverticular disease who use corticosteroids. Disease severity might be masked by use
of corticosteroids (17), leading to incorrect staging of disease severity and,
consequently, inadequate treatment (6). Corticosteroid use might hamper wound
healing as well through its anti-inflammatory effects, by suppressing cellular wound
responses and by inducing diabetes, and thus increasing the risk of wound infection
(18). A systematic review also showed that corticosteroid use may increase the risk of
anastomotic leakage after colorectal surgery (19). Use of corticosteroids is associated
with an increased risk of venous thromboembolism (20). In perforated diverticulitis,
undiagnosed and untreated adrenal insufficiency may lead to an Addisonian crisis,
which increases mortality risk in affected patients (21).

Study aims

The primary aim of this study was to examine absolute mortality risks and compare 7-
day, 1-month, 3-month and 1-year mortality rates in patients with perforated
diverticular disease who were corticosteroid users versus non-users. The secondary
aim was to examine mortality rates in patients with perforated diverticular disease
who used corticosteroids administered in different forms and with different
cumulative doses.
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Methods

Source population

The source population for this study was the entire population of Denmark (5,289,261
inhabitants) between 2005 and 2013. The study period began in 2005 because a full
record of medications sold at community pharmacies and hospital-based outpatient
pharmacies became available starting in 2004 in the National Health Service
Prescription Database (22). The study was based on data from the Danish National
Patient Registry, which has recorded all acute care hospital discharges since 1977
and all outpatient specialist clinic and emergency room visits since 1995 (23). Data
from the Danish Civil Registration System were used to determine vital status (24).

Study population and follow-up

The study included all adult patients (=18 years), with and without use of
corticosteroids, hospitalized with incident perforated diverticular disease between
2005 and 2013. Identification of perforated and non-perforated diverticular disease
was based on International Classification of Diseases (ICD) codes (see Supplemental
Data 1 for specification of the codes). The codes used for perforated diverticular
disease have a positive predictive value ranging from 0.73 to 0.75 (25). There were
no restrictions in corticosteroid dose or treatment duration. Patients diagnosed
during an emergency room visit were excluded because of the low predictive value of
emergency room diagnoses; diagnostic accuracy improves with more extensive
diagnostic procedures (26). The year 2005 as start of follow-up was chosen in order to
provide a 1-year prediagnosis period in which exposure to corticosteroids could be
assessed similarly in all patients. Patient follow-up began on the hospital admission
date for perforated diverticular disease and ended on death, emigration or end of
follow-up on 30 November 2013, whichever came first.

Classification of corticosteroid use and surgical procedures

Corticosteroid use was categorized as follows, based on the National Health Service
Prescription Database (22):

I. Non-users: patients not prescribed corticosteroids during the year prior to hospital
admission.

Il. Current users: patients using corticosteroids at time of admission, that is, the last
prescription for corticosteroids was filled during the 90 days before admission. The
group of current users was subdivided into new users, defined as patients who filled
their first prescription <90 days before admission, and chronic users, which included
all other current users.

lll. Recent users: patients who used corticosteroids until shortly before admission,
that is, their last corticosteroid prescription was filled between 91 and 365 days
before admission.
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Analyses were performed separately for patients using systemic corticosteroids
regardless of use of other forms of corticosteroids, for patients using systemic
corticosteroids only, for patients using inhaled corticosteroids only, and for patients
using intestinal acting corticosteroids only. There was one patient using both inhaled
and intestinal acting corticosteroids.

The analysis of cumulative dose was based on categorizing the 1-year cumulative
dose of systemic corticosteroids among current users, calculated using prednisone
dose equivalents. The cumulative dose cut-offs were <625 mg, >625 mg to 2000 mg,
>2000 mg to 3500 mg and >3500 mg, to provide four groups of approximately equal
size.

Surgical procedures related to diverticular perforation (including a 30-day period
around date of admission for diverticular disease) were categorized as explorative
surgery including lavage; stoma with or without resection; and resections with
primary anastomosis (see Supplemental Data 2 for surgical codes).

Statistical analysis

Descriptive contingency tables were prepared, showing demographic characteristics
and medical history (age, sex, calendar year of perforated diverticular disease
diagnosis, comorbidities) of corticosteroid users and non-users.

For time-to-event analyses, the Kaplan-Meier method and Cox regression were used.
Absolute mortality risks in corticosteroid users and non-users were calculated using
the Kaplan-Meier method. Cox proportional hazard regression was used to compare
mortality rates among the predefined categories of corticosteroid users, providing
hazard ratios (HRs) for 7-day, 1-month, 3-month and 1-year mortality. Stratified
analyses were performed according to type of surgery within 30 days before or after
diagnosis of perforated diverticular disease.

Subgroup analyses were performed to compare mortality risks among patients taking
different forms of corticosteroids (inhaled only, intestinal only and systemic only) and
with different 1-year cumulative doses of systemic corticosteroid use. Also,
sensitivity analyses were performed after excluding patients with malignancies,
patients with inflammatory bowel disease, patients with a previous code for
diverticular disease and patients with rheumatic diseases including mixed connective
tissue disease.

In addition to crude analyses, we performed adjusted analyses including the following
potential confounders: age, sex, use of cardiovascular medications (anticoagulants,

non-steroidal anti-inflammatory drugs, ACE/angiotensin 2 receptor inhibitors, statins,
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B blockers, calcium channel blockers, diuretics, selective serotonin reuptake
inhibitors, and nitrates) (16) during the 90 days before admission, hypertension,
chronic obstructive pulmonary disease (COPD; as a proxy for smoking), liver disease
or chronic pancreatitis, alcoholism-related diseases other than those affecting the
liver or pancreas, inflammatory bowel disease, rheumatoid arthritis, connective
tissue disease, malignancies and modified Charlson Comorbidity Index score (see
Supplemental Data 1 for specification of the codes). The modified Charlson
Comorbidity Index score was calculated after exclusion of COPD, liver diseases,
connective tissue disease and malignancies. These characteristics and conditions are
associated with corticosteroid use and constitute potential risk factors for mortality.

We used SAS V.9.2 (SAS Institute, Cary, North Carolina, USA) for our statistical
analyses. Permission from the Danish Data Protection Board was granted.

Results

Study population

A total of 4,640 patients with perforated diverticular disease were included in the
study. Of these, 3,743 (80.7%) had not used corticosteroids in the year before
hospital admission (Table 1). Of the 897 patients using corticosteroids in the prior
year, 725 (80.8%) were exposed to systemic corticosteroid treatment (current and
recent users combined). Of systemic corticosteroid users, 88.8% used prednisone or
prednisolone, 6.9% methylprednisolone, 13.4% B-methasone, 1.5% triamcinolone and
1.0% hydrocortisone. Since the number of patients using only intestinal acting
corticosteroids was small (n=28), this patient group was not analyzed further.
Corticosteroid users were on average older than non-users and more often female
than non-users (64.8% vs 54.2%). Patients using systemic corticosteroids were more
often hypertensive, more often had COPD, chronic bronchitis, emphysema or asthma,
and more often had malignancies, rheumatoid arthritis, connective tissue disease or
inflammatory bowel disease. Almost all patients using only inhaled corticosteroids
had a diagnosis of COPD, chronic bronchitis, emphysema or asthma, but were
otherwise comparable to non-users. Charlson Comorbidity Index scores were higher
for all groups of corticosteroid users compared with non-users.

Mortality risk in patients with perforated colonic diverticular disease

A total of 889 patients (19.2%) with perforated diverticulitis died within 1 year
following their diagnosis (Table 2). Mortality risk in non-users of corticosteroids was
4.4% after 7 days, 8.8% after 30 days, 11.9% after 90 days and 15.6% after 1 year. This
risk was doubled for current users of corticosteroids (adjusted HRs ranging from 1.96
(30-day mortality) to 2.10 (7-day mortality)), with mortality risks reaching 14.2%
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after 7 days and 47.6% after 1 year (Figure 1). Mortality risk was even higher for new
corticosteroid users, increasing from 15.7% 7 days post diagnosis to 52.5% after 1
year. Among chronic corticosteroid users, mortality risks also were almost doubled,
with adjusted HRs of 1.89 after 7 days and 1.74 after 1 year, and absolute mortality
risks reaching 13.7% after 7 days and 45.9% after 1 year.
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Follow-up time (days)
Number at risk:
Present use 494 404 372 354 341 332 324 315 309
Recent use 231 212 200 196 189 187 184 183 182
Nonuse 3743 3525 3428 3368 3323 3282 3249 3223 3198
Figure 1: Cumulative mortality in patients with systemic corticosteroid use, regardless of other use.

Mortality risk according to 1-year cumulative dose

In our study population, 124 patients had a 1-year cumulative dose <625 mg, 144
patients had a 1-year cumulative dose >625-2000 mg, 140 patients had a 1-year
cumulative dose >2000-3500 mg and 86 patients had a 1-year cumulative dose >3500
mg (Table 3). A higher 1-year cumulative dose was not clearly associated with higher
mortality risk in patients with perforated diverticular disease.

Abdominal surgical procedures

In total, 2,497 (53.8%) of 4,640 patients had a diverticulitis-related surgical
procedure (Table 1). The percentage of patients with surgery within 30 days before
or after incident perforated diverticular disease was higher among systemic
corticosteroid users (62.9%) compared with users of inhalation corticosteroids only
(56.6%) and non-users (52.1%). Patients using systemic corticosteroids had a surgical
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procedure resulting in a stoma (33.8%) more often than patients not using
corticosteroids (22.6%).

Within categories of surgery (explorative surgery including lavage, stoma, resection
with primary anastomosis), mortality risk was increased when comparing current
users to non-users. After explorative surgery, mortality risk after 1 year was 14.8% for
non-users and 43.5% for current users (adjusted HR 1.12 [95% CI 0.69 to 1.83]). For
patients who received a stoma, mortality risk after 1 year was 26.5% for non-users
and 48.8% for current users (adjusted HR 1.37 [95% Cl 1.03 to 1.82]). After a resection
with primary anastomosis, mortality risk after 1 year was 15.2% for non-users and
54.1% for current users (adjusted HR 2.88 [95% Cl 1.57 to 5.28]).

Subgroup and sensitivity analyses
The mortality risk among patients currently using systemic corticosteroids only (13.9%
after 7 days and 48.0% after 1 year) was comparable to that among patients using
systemic corticosteroids regardless of other corticosteroid use (Figure 2). Compared
with non-users, patients who currently used only inhaled corticosteroids also had an
increased mortality risk (6.2% after 7 days and 22.3% after 1 year), with an adjusted
HR ranging from 1.44 to 1.85 (Table 4).
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Figure 2: Cumulative mortality in patients with systemic use of corticosteroids only.
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Table 1: Baseline characteristics of corticosteroid users and non-users among patients with perforated

diverticular disease.

Non-use Systemic use Systemic use Inhaled use
regardless of only only
other uses
N % N % N % N %

Total 3743 100.0 725 100.0 656 100.0 145 100.0
Current use - - 494 68.1 446 68.0 81 55.9
New use - - 121 16.7 109 16.6 7 4.8
Chronic use - - 373 51.4 337 51.4 74 51.1
Recent use - - 231 31.9 210 32.0 64 44.1
Age, years
18-59 1431 38.2 119 16.4 113 17.2 42 29.0
60-69 860 23.0 146 20.1 133 20.3 37 25.5
70-79 777 20.8 239 33.0 213 32.5 Y| 28.3
80+ 675 18.0 221 30.5 197 30.0 25 17.2
Sex (male) 1713 45.8 256 353 232 35.4 56 38.6
Calendar year of perforated
diverticular disease diagnosis
2005-2008 1556 41.6 328 45.2 294 44.8 60 41.4
2009-2013 2187 58.4 397 54.8 362 55.2 85 58.6
Comorbidities
Diverticular disease of the colon 897 24.0 173 23.9 151 23.0 36 24.8
without perforation
Hypertension 844 22.5 263 36.3 247 37.7 39 26.9
COPD, chronic bronchitis, 682 18.2 334 46.1 278 42.4 137 94.5
emphysema and asthma
Liver disease and/or chronic 11 3.0 25 3.4 24 3.7 5 3.4
pancreatitis
Alcoholism-related diseases 310 8.3 42 5.8 38 5.8 13 9.0
other than those affecting the
liver or pancreas
Cancer 503 13.4 201 27.7 189 28.8 19 13.1
Rheumatoid arthritis / 138 3.7 200 27.6 186 28.4 4 2.8
connective tissue disease
Inflammatory bowel disease 71 1.9 40 5.5 32 4.9 4 2.8
Charlson Comorbidity Index
score
0 2659 71.0 371 51.2 334 50.9 99 68.3
1-2 888 23.7 261 36.0 241 36.7 36 24.8
>3 196 5.2 93 12.8 81 12.3 10 6.9
Surgery within 30 days before 1949 52.1 456 62.9 425 64.8 82 56.6
or after diagnosis of
diverticulitis (total)
Explorative surgery including 616 16.5 115 15.9 108 16.5 24 16.6
lavage
Stoma 845 22.6 245 33.8 228 34.8 38 26.2
Resection with primary 488 13.0 96 13.2 89 13.6 20 13.8

anastomosis

COPD=chronic obstructive pulmonary disease, N=number of patients.
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Chapter 3

When we excluded patients with malignancies, inflammatory bowel disease, a
previous code for diverticular disease, or rheumatic diseases including mixed
connective tissue disease, the results of the analysis of current users of systemic
corticosteroids regardless of use of other corticosteroids did not materially change
for mortality risk after 7 days, 30 days, 90 days or 1 year.

Discussion

We examined mortality risks between corticosteroid users and non-users among
patients with perforated diverticular disease. One-year mortality risk for current
users of corticosteroids was 47.6%, double that of non-users after adjustment for
confounders. One-year mortality risk was even higher for new corticosteroid users:
52.5%. Thus, corticosteroid use was clearly associated with an increased mortality
risk for patients with perforated diverticular disease, continuing until at least 1 year
after diagnosis, regardless of corticosteroid dose.

This is the first large cohort study comparing mortality risks between corticosteroid
users and non-users among patients with perforated diverticular disease. The
advantage of the cohort approach is the ability to calculate absolute mortality risks,
which can inform clinical practice. Our study showed that corticosteroid use is a
strong indicator for 1-year mortality. An earlier study of patients with perforated
peptic ulcer disease reported a 30-day mortality ratio of 2.1 after corticosteroid use
(27). This is in line with the increased mortality risk (adjusted HR of 1.96 for 30-day
mortality) that we found among current users of systemic corticosteroids in the
present study.

The following study limitations need to be taken into account in interpreting our
results. Determination of exposure was based on redeemed prescriptions, which may
not always coincide completely with medication taken by patients (28). We also did
not consider use of corticosteroids for longer than a year before hospital admission.
Also, since prednisolone and prednisone were the most frequently used systemic
steroids (89%), the results in first line apply to this patient category; whether our
results also apply to patients using steroids with high first pass metabolism needs
further study. Finally, perforated diverticular disease may be misclassified (6, 17), as
the sensitivity of relevant ICD codes is not 100% accurate. Since misclassification is
probably more likely in corticosteroid users (due to blinding of symptoms and severity
of the condition), mortality risk is potentially overestimated if less severe cases in
corticosteroid users go undetected (25). However, in analyses stratified by type of
surgery, which most likely harmonizes the diagnostic category, a similar increased
risk was found.
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Chapter 3

The central causal question is whether increased mortality risk in corticosteroid users
is actually caused by corticosteroid use prior to diagnosis. Clinical arguments
underlying the rationale for a causal association are masked disease severity (17),
impaired wound healing and increased infection risk (18), increased risk of venous
thromboembolism (20) and unrecognized adrenal insufficiency (29). The risk was
doubled for corticosteroid users in our fully adjusted statistical model, but residual
confounding (no perfectly valid data on actual disease severity status) might still be
an issue. For instance, high mortality among patients using corticosteroids may be
explained partially by the underlying diseases for which corticosteroids were
prescribed. However, our subgroup analyses showed no clear differences when high-
risk subgroups were excluded. Regardless of the causal question, our study indicated
that corticosteroid use was an important prognostic factor for mortality.

Two explanations are possible for the lack of an association observed between
mortality risk and dose. First, the risk may be associated with corticosteroid use per
se, so that the maximum increase in risk is already reached at a low (but still
supraphysiological) dose. Second, our classification did not distinguish between short-
term, high-dose corticosteroid use and long-term, low-dose use, because the
prescription database used does not provide certainty whether a drug is prescribed in
high doses for short-term use, or in lower doses for longer duration. Although
clinically short-term, high-dose corticosteroid use and long-term, low-dose
corticosteroid use are very heterogeneous groups of patients, in our analysis
according to dose, both translate into the same 1-year cumulative dose.

In conclusion, this study demonstrated that corticosteroid use was associated with
increased mortality risk after diagnosis of perforated diverticular disease. Clinically,
use of systemic corticosteroids should be regarded as an important risk marker for
mortality among patients with this disease.
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Chapter 4

Abstract

Background

First-choice treatment for Cushing’s disease is transsphenoidal adenomectomy. Since
its introduction in the 1970s, many centers have now switched from microscopic to
endoscopic surgery. We compared both techniques for the treatment of Cushing’s
disease at the Leiden University Medical Center, a European reference center for
pituitary diseases.

Methods

Cohort study with inclusion and follow-up of consecutive patients with Cushing’s
disease primarily treated by transsphenoidal surgery at the Leiden University Medical
Center between 1978 and 2016. We compared remission rates (primary endpoint),
mortality, and complications between microscopic (performed up to 2005) and
endoscopic (performed from 2003 onwards) surgery. Subgroup analyses were
performed by tumor size, surgical experience, and preoperative imaging techniques.
Additionally, surgeons’ intraoperative findings regarding presence and removal of the
adenoma were related to surgical outcome.

Results

Of 137 included patients, 87 were treated microscopically and 50 endoscopically.
Three months after microscopic surgery, 74 patients (86%) were in remission. Five-
year recurrence-free survival was 89% (95% confidence interval [CI]: 82%-96%), and
ten-year recurrence free survival was 84% (95% Cl: 75%-93%). After endoscopic
surgery, 39 patients (83%) were in remission. Both five-year and ten-year recurrence-
free survival were 71% (95% Cl: 55%-87%). Hazard ratio for recurrence was 0.47 (95%
Cl: 0.19-1.14), and for mortality 2.79 (95% Cl: 0.35-22.51), for microscopic versus
endoscopic surgery. No learning curve was found for endoscopy, nor an influence of
preoperative imaging technique for microscopy. In addition, we did not find a clear
relation between the surgeons’ intraoperative findings and surgical outcomes.

Conclusions
This study did not identify a clear advantage of microscopic or endoscopic
transsphenoidal surgery for the treatment of Cushing’s disease based on clinical
outcome. The transition to endoscopic surgery at our center was not accompanied by
transient worsening of outcomes, which may be reassuring for those considering
transitioning.
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Transsphenoidal surgery for Cushing's disease, a cohort study

Introduction

Cushing’s disease is caused by an adrenocorticotropic hormone (ACTH)-secreting
pituitary adenoma, resulting in endogenous glucocorticoid excess. The incidence is
estimated to be 1.2-1.7 per million each year (1). Glucocorticoid excess causes
osteoporosis, central obesity, insulin resistance, dyslipidemia, hypertension,
hypercoagulability, and neuropsychiatric disorders (2, 3). First-choice treatment
remains transsphenoidal pituitary surgery, selectively removing the corticotroph
adenoma (4, 5). Despite biochemical cure, mortality risk remains increased in
patients with Cushing’s disease (6).

Two main techniques have been used for transsphenoidal pituitary surgery:
microscopic and endoscopic surgery. The endoscope has also been used to confirm
findings during microscopic surgery, which is called endoscopy assisted surgery.
Microscopic surgery used to be the established method for transsphenoidal surgery.
However, since 1992, when the endoscope was first used as a tool to assist in
microscopic surgery for a pituitary adenoma (7), many centers have switched to a full
endoscopic technique, which was first described in 1997 for treatment of Cushing’s
disease (8). However, proper evaluation of outcomes in a single center has yet to be
performed. A limited number of small cohort studies (13-25 patients per study group)
have compared both the microscopic and endoscopic techniques for treatment of
Cushing’s disease performed in the same center (9-12). None showed a significant
difference in remission rate or surgical morbidity between microscopic and (transition
to) endoscopic surgery. Additionally, significant differences in remission rates based
on tumor size could not be determined (9). Several systematic reviews concerning
transsphenoidal microscopic versus endoscopic surgery have evaluated outcomes for
all pituitary adenomas and found comparable results for remission and recurrence
rates, and inconclusive results regarding complication rates (13-15). Theoretically,
endoscopic surgery has the advantage of achieving better tumor visualization, mainly
in laterally invasive or large tumors. This increased visibility enables improved
resectability, leading to potentially higher remission rates. However, these
advantages have also led to a higher risk of cerebrospinal fluid (CSF) leakage, most
likely due to a more aggressive surgical approach in an attempt to obtain complete
adenoma removal (16). Several studies have reported on a learning curve for the
endoscopic technique (17-20), showing that outcomes improve with increased surgical
experience, which possibly leads to biased results in series when comparing between
years of experience in the microscopic surgical technique and the newer endoscopic
technique.

Due to the lack of comparability of available studies, we present our long-term data
on transsphenoidal surgery for Cushing’s disease, reporting on both surgical outcome,
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with as primary endpoint remission rate, as well as complication rates for both
techniques. To date, there are unresolved questions regarding long-term remission
rates and surgical morbidity after both treatments, overall as well as in relation to
tumor size. Furthermore, differences in long-term mortality, endocrinological
complications, and morbidity between the two surgical techniques need to be
explored to be able to properly evaluate both treatment options. Finally, in order to
establish the predictive value of intraoperative findings, it is important to relate the
surgeons’ intraoperative findings regarding presence and removal of the adenoma to
surgical outcome.

Study aims

The primary study aim was to compare microscopic and endoscopic transsphenoidal
surgery for Cushing’s disease regarding: 1) Surgical outcome (remission rate = primary
endpoint, recurrence, and hydrocortisone dependency), 2) Long-term mortality risk,
and 3) Short- and long-term surgical and endocrinological complications. Secondary
study aims were to stratify these results based on 1) Tumor size and 2) Surgical
experience for endoscopy, and 3) To relate surgeons’ intraoperative findings
regarding presence and removal of the adenoma to surgical outcome.

Methods

Study population

Consecutive patients with Cushing’s disease primarily treated with transsphenoidal
surgery at the tertiary referral center Leiden University Medical Center, the
coordinating center of the newly established European Reference Network for rare
Endocrine conditions, and a European reference center for pituitary diseases, were
included in this cohort study. Inclusion started in 1978, when the first transsphenoidal
operation in the Netherlands was performed in Leiden. Microscopic surgery was
performed from 1978 to 2005, whereas endoscopic surgery has been performed since
2003. Patients were included if surgery was performed before January 1% 2017.
Patients were excluded if they had undergone a unilateral adrenalectomy and/or
pituitary irradiation prior to transsphenoidal surgery. There were no restrictions in
presurgical medical treatment with cortisol lowering agents or in adjuvant therapy in
case of persistent disease or for recurrence of disease.

The diagnosis of Cushing’s disease was made based both on clinical grounds and
biochemical tests: increased morning serum cortisol (>500 nmol/L), increased 24-h
urinary free cortisol (UFC) excretion (>220 nmol until 2010, after which the cut-off
level was >150 nmol), increased midnight salivary cortisol excretion (>5.7 nmol/L,
measured since 2004), insufficient suppression of morning serum cortisol after low-
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dose dexamethasone (1 mg in the evening), as well as a non-suppressed ACTH. Until
1988, urinary 17-KgS was measured in some patients instead of UFC (increased if >16
mg/24h for women and >22 mg/24h for men). All patients underwent pituitary
imaging either by computed tomography (CT, until 1994, and one patient in 2009 due
to a contraindication for magnetic resonance imaging [MRI]), or MRI. Three patients
who were operated before 1980 underwent imaging by sellar planigraphy, with or
without basal cisternography (X-ray). If pituitary imaging yielded inconclusive results,
bilateral simultaneous sampling of the inferior petrosal sinuses (IPSS) was performed.
Subsequently, pituitary surgery with exploration of the sella was performed when the
results of IPSS were consistent with a pituitary source of ACTH overproduction.
Otherwise, imaging studies (CT of the thorax and octreotide or gallium DOTATATE
PET scan) were performed to identify an ectopic source of ACTH overproduction. In
case no ectopic ACTH-producing tumor was found, diagnostic tests were repeated
after a period of watchful waiting, and surgical treatment was performed only after
imaging or IPSS indicated a pituitary adenoma.

Interventions and postoperative evaluation

The primary treatment was either microscopic or endoscopic transsphenoidal
pituitary adenomectomy for all included patients. A direct transnasal transsphenoidal
microscopic approach was performed solely until 2002. From 2003 onwards, the
endoscopic procedure was introduced in our center for the surgical treatment of
pituitary tumors, including Cushing’s disease. At first, an endoscopic assisted
approach was used to confirm findings of the microscope. In this study, endoscopic
assisted surgery was analysed in the study group of microscopic surgery, because the
surgery was primarily performed using the microscope, which was therefore the main
technique to be considered for treatment success and complication rates. From 2006
onwards, purely endoscopic transnasal transsphenoidal approaches were the only
surgical treatment modality. All surgical procedures were performed by three
dedicated pituitary neurosurgeons. Postoperative biochemical evaluation was always
performed within two weeks. Three to six months postoperatively, remission was
defined based on both clinical criteria (dependency on hydrocortisone replacement,
or hydrocortisone independency without any biochemical signs of hypercortisolism
and regression of clinical signs) and biochemical criteria (morning cortisol suppression
after 1 mg dexamethasone to below 50 nmol/L and normal 24-h UFC excretion or
midnight salivary cortisol excretion in two consecutive samples, if not on
hydrocortisone replacement) (21). Persistent Cushing’s disease was defined as the
absence of remission after first surgery. Disease recurrence was defined as
biochemical recurrence according to the aforementioned criteria, and re-occurrence
of clinical signs, after a period of remission of at least three months.
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Endpoints and follow-up

Study endpoints were surgical outcomes, mortality, and short- and long-term
morbidity. Surgical outcomes considered were the following: 1) Remission rate
(primary endpoint), 2) Persistent disease, 3) Recurrent disease, and 4)
Hydrocortisone dependency three months after surgery (divided in three categories:
a) Absolute deficiency [insufficient cortisol response to corticotropin-releasing
hormone (CRH)-test or equivalent], b) Hydrocortisone to treat withdrawal symptoms
despite normal cortisol response to CRH stimulation, and c) Pragmatic hydrocortisone
replacement without stimulation test).

Short-term morbidity (<3 month after first surgery): 1) Postoperative CSF-leakage, 2)
Bacterial meningitis (or start of antibiotic treatment due to suspicion of meningitis),
3) All intra- and postoperative bleedings (considered were internal carotid artery
injury, epistaxis, severe venous blood loss), 4) Severe bleeding (requiring surgical
intervention or described as severe in patient file), 5) Syndrome of inappropriate
antidiuretic hormone secretion (Na <135 mmol/L), 6) Diabetes insipidus (transient,
requiring medication at least once), 7) Anterior pituitary deficiency other than ACTH
requiring medication, 8) Corticosteroid withdrawal syndrome (complaints and/or
requirement of increase in hydrocortisone replacement dose) (22), and 9)
Cardiovascular morbidity (thrombosis, pulmonary embolism, cerebrovascular
accident, transient ischemic attack, and myocardial ischemia).

Long-term morbidity (>3 months after first surgery): 1) Anterior pituitary deficiency
other than ACTH requiring medication (measured one vyear after surgery), 2)
Hydrocortisone dependency for >3 years (for patients with >3 years follow-up), 3)
Diabetes insipidus (permanent: >3 months), 4) Cardiovascular morbidity, 5)
Hypertension (de novo as well as persisting after surgery), 6) Diabetes mellitus (de
novo as well as persisting after surgery), and 7) Neuropsychiatric morbidity
(complaints/symptoms as well as consultation of psychologist or psychiatrist).

Follow-up was defined as time between date of surgery and death, loss to follow-up,
or December 31* 2016, whichever came first. For time-to-event analyses, follow-up
was defined as time between date of surgery and outcome event (mortality or
recurrence), death, loss to follow-up, or December 31* 2016, whichever came first.
Presurgical information was collected regarding diagnosis (including Cushing’s
syndrome severity index score [CSI score] (23)), comorbidities (hypertension,
diabetes mellitus, dyslipidemia), and medical treatment prior to surgery. In case of
loss to follow-up, data collection was completed to our best ability by contacting
both patient and current health care provider.
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Tumor characteristics: tumor size on preoperative imaging divided tumors into
microadenomas (<10 mm) and macroadenomas (>10 mm). Giant adenomas (>3 cm)
were not analysed separately. Intraoperative findings were classified into three
categories: complete adenomectomy (surgeon reported complete removal of the
adenoma), (at least) partial adenomectomy (surgeon reported partial removal of the
adenoma, but is uncertain whether there is residual tumor), and residual tumor
(surgeon is certain there is residual tumor).

Risk of bias

Consecutive patients were included in this study to minimize selection bias, although
selection could still be a cause of bias in our data. Patients were assigned to a
treatment method based on the availability of the treatment method in our center at
time of inclusion, although this does not guarantee comparability of both study
groups, e.g. due to time trends. To assess potential differences through time, we
plotted percentage macroadenomas per period of five calendar years. Selective loss
to follow-up could have led to selection bias (24), although this was minimized by our
attempts at complete data collection, reducing the number of patients lost to follow-
up by 21. Selective referral of patients from other centers, mainly patients with
(difficult and/or invasive) macroadenomas, could potentially have led to selection
bias if referral was different for microscopy and endoscopy. Interventions were
unlikely to be misclassified. Confounding is a potential source of bias and was
assessed by comparing baseline patient characteristics between the study groups.
Furthermore, follow-up time was assessed as a potential source of bias.

Statistical analysis

To describe homogeneity between the surgical groups as well as between
microadenomas and macroadenomas, various parameters were analysed by bivariate
test. Contingency tables were presented, comparing characteristics of microscopic
and endoscopic surgery. A table was prepared with short- and long-term morbidity
according to tumor size, comparing microscopic to endoscopic surgery. All variables
in Tables 1 and 2 were compared between the two surgical techniques for the entire
cohort as well as for microadenomas and macroadenomas separately as this is
considered an effect modifier. We used the unpaired T-test for continuous outcomes,
and the two-sample test of proportions for categorical variables (in case of >2
categories, we performed this test separately per category to calculate the
difference between the groups). Additionally, the Chi-squared test was used to
calculate one p-value for categorical variables with >2 categories. If data were
missing for >5% of patients per parameter, this was marked in the tables. An “as
treated” analysis was performed, excluding patients with missing data for
confounding variables from the adjusted analyses.
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Table 1: Demographic characteristics.

Microscopic Endoscopic Tested Tested Tested
trans- trans- difference difference difference
sphenoidal sphenoidal (95% Cl; (95% Cl; p-value) (95% Cl; p-value)
adeno- adeno- p-value) (Microadenoma (Macroadenoma
mectomy mectomy only) only)
N % N %
Total 87 100.0 50 100.0 Sample size: Sample size:
103 34
Age at diagnosis, 38.9 15.4 44.4 15.1 5.5 3.4 9.0
years* (0.1 to 10.9; (-2.6 t0 9.3; (-3.5 to 21.4;
p=0.045) p=0.263) p=0.152)
Sex (female) 69 79.3 34 68.0 11.3 7.7 20.8
(-4.2 to 26.8; (-10.4 to 25.8; (-8.5 to 50.1;
p=0.140) p=0.391) p=0.170)
Calendar year of 1992 1978- 2011 2003- 19.2 20.4 14.7
transsphenoidal 2005 2016 (17.1 to 21.2; (18.1 to 22.6; (10.1 to 19.3;
surgery® p=0.000) p=0.000) p=0.000)
Duration of 16.9 11.7- 4.7 2.0-7.4 13.4 14.0 11.3
follow-up 26.7 (11.0 to 15.8; (11.2 to 17.7; (6.9 to 15.6;
(vears)® p=0.000) p=0.000) p=0.000)
Comorbidities at
diagnosis
Hypertension 64 73.6 38 76.0 2.4 3.3 15.3
(-12.6 to 17.4; (-15.2 to 21.8; (-11.0 to 41.6;
p=0.756) p=0.723) p=0.271)
Diabetes mellitus 14 16.1 15 30.0 13.9 13.5 14.5
(-1.0 to 28.8; (-4.1 to 31.1; (-14.0 to 43.0;
p=0.055) p=0.110) p=0.320)
Dyslipidemia 8 9.1 8 16.0 6.9 3.0 9.0
(-4.9 to 18.7; (-8.0 to 14.0; (-20.7 to 38.7;
p=0.225) p=0.569) p=0.553)
Cushing’s 6.9 2.3 6.8 2.8 -0.10 0.09 -0.72
syndrome (-0.98 to 0.79; (-1.00 to 1.17; (-2.31 to 0.86;
Severity Index p=0.832) p=0.877) p=0.357)
score*
0-4 13 15.1 10 20.0
5-8 53 61.6 27 54.0
9-16 20 23.2 13 26.0
Tumor size 11.3 - -
Microadenoma 69 79.3 34 68.0 (-4.2 to 26.8;
Macroadenoma 18 20.7 16 32.0 p=0.140)
Cavernous sinus 5 27.8 8 50.0
invasion
Referral by other 4 4.6 6 12.0 7.4 3.0 13.9
neurosurgeon or (-2.6 to 17.4; (-5.9 to 11.9; (-11.8 to 39.6;
university p=0.109) p=0.459) p=0.389)
medical center
Medical 57 65.5 47 94.0 28.5 34.8 14.6
treatment prior (16.5 to 40.5; (23.6 to 46.0; (-14.4 to 43.6;
to surgery p=0.000) p=0.000) p=0.335)
Metyrapone 8 9.2 16 32.0
Ketoconazole 51 58.6 32 64.0
Pasireotide 0 0.0 2 4.0

*mean + standard deviation, °mean + range, *median + interquartile range; Cl=confidence interval
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Microscopic Endoscopic Tested Tested Tested
trans- trans- difference difference difference
sphenoidal sphenoidal (95% Cl; (95% Cl; p-value) (95% Cl; p-value)
adeno- adeno- p-value) (Microadenoma (Macroadenoma
mectomy mectomy only) only)
Inferior petrosal 30 34.5 13 26.0 8.5 2.4
sinus sampling (-7.2 to 24.2; (-17.6 to 22.4; ”
p=0.302) p=0.815)
Radiologic p=0.000 p=0.000 p=0.003
imaging
CT or X-ray 27 31.0 1 2.0 29.0 31.9 16.7
(18.5 to 39.5) (19.3 to 44.5) (-0.5 to 33.9)
MRI 1.5 Tesla 60 69.0 18 36.0 33.0 38.7 27.0
(16.5 to 49.5) (20.1 to 57.3) (-2.8 t0 56.8)
MRI 3 Tesla 0 0.0 31 62.0 62.0 70.6 43.8
(48.5 to 75.4) (55.3 to 85.9) (19.5 to 68.1)
Radiology results p=0.144 p=0.359 p=0.339
Adenoma 56 64.4 40 80.0 15.6 14.1 5.6
(0.6 to 30.6) (-5.2 to 33.4) (-5.0 to 16.2)
No adenoma 24 27.6 7 14.0 13.6 12.7 5.6
(1.6 to 27.0) (-4.9 to 30.3) (-5.0 to 16.2)
Inconclusive 7 8.0 3 6.0 2.0 1.3 #
(-6.7 to 10.7) (-10.6 to 13.2)
Histology results p=0.784 p=0.940 p=0.339
Adenoma 67 77.9 Zyl 82.0 4.1 0.0 5.6
(-9.7 t0 17.9) (-18.2 to 18.2) (-5.0 to 16.2)
No adenoma 16 18.6 7 14.0 4.6 1.5 5.6
(-8.1t0 17.3) (-15.3 to 183) (-5.0 to 16.2)
Inconclusive 3 3.5 2 4.0 0.5 1.5 #
(-6.2t0 7.2) (-7.8 to 10.8)
Immunohisto- 57 66.3 45 90.0 23.7 23.5 16.7
chemistry (10.7 to 36.7; (6.9 to 40.1; (-0.5 to 33.9;
results: ACTH- p=0.002) p=0.015) p=0.087)
positive
Surgeon’s p=0.123 p=0.231 p=0.447
intraoperative
findings
Complete 48° 58.5 25 50.0 8.5 9.8 8.4
adenomectomy (-9.0 to 26.0) (-10.9 to 30.5) (-24.9 to 41.7)
(At least) partial 15° 18.3 18 36.0 17.7 18.2 19.5
adenomectomy (2.0 to 33.4) (-0.8 to 37.2) (-7.9 to 46.9)
Residual tumor # 4.9 2 4.0 0.9 1.5 5.1
(-6.3 to 8.1) (-1.5 to 4.5) (-19.2 to0 29.4)
No tumor 15° 18.3 5 10.0 8.3 6.8 5.9
identified (-3.5 to0 20.1) (-8.7 to 22.3) (-5.3t0 17.1)

ACTH=adrenocorticotropic hormone, Cl=confidence interval, CT=computed tomography, MRI=magnetic
resonance imaging
“Inferior petrosal sinus sampling was considered only for patients with uncertain pituitary tumor, and
therefore never in macroadenomas, *Data were missing for >5% of patients, “No patients with a

macroadenoma with this result, therefore, no analysis could be performed.
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To compare mortality and remission rates time-to-event analyses were performed.
Kaplan-Meier curves were constructed to visualize overall survival and recurrence-
free survival. Separate curves were constructed for microadenomas and
macroadenomas, thereby including tumor size as stratification factor, and separate
curves were constructed stratified by surgeons’ intraoperative findings. As sensitivity
analyses, time-to-event curves were constructed comparing the early and late years
of all endoscopic operations to assess a potential learning curve, and separate curves
were constructed comparing microscopic operations after CT or X-ray imaging versus
after MRI to check whether preoperative imaging quality influenced surgical success.

Cox proportional hazard regression analyses were performed to provide hazard ratios
and to adjust for potential confounders (results presented in text and Table 3). To
take into account different follow-up times, we performed recurrence-free survival
analyses also separately with inclusion of only the first 5 years of follow-up. We
considered the following variables as potential confounders based on literature and
known biological pathways: age at diagnosis, sex, hypertension at diagnosis, diabetes
mellitus at diagnosis, dyslipidemia at diagnosis, CSI score, tumor size, and prior
medical treatment. After comparison of these potential confounders, we included
age at diagnosis and tumor size as confounders in all our Cox analyses, unless
otherwise specified.

Statistical analyses were performed with IBM SPSS Statistics 23.0 (IBM Corp, Armonk,
NY, USA) and with Stata 14.2 (Stata Corp., College Station, TX, USA) for the two-
sample test of proportions (command: prtesti) to calculate the difference between
two proportions with 95% confidence interval (Cl), as this was not provided by SPSS.
All patients gave informed consent to use their data for scientific research and
permission from the medical ethical committee in the LUMC was granted. The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines were used for reporting (25).

Results

Study population (Figure 1, and Table 1)

In total, 137 patients were included, of whom 87 (79.3% female, mean age 38.9
[range 12-80] years) underwent microscopic and 50 (68% female, mean age 44.4
[range 10-73] years) endoscopic surgery. Macroadenomas were relatively more
common in the endoscopic group (32.0% versus 20.7% in the microscopy group), and
preoperative medical treatment was more common in patients with endoscopic
surgery (94.0% versus 65.5% in the microscopy group), in line with the changing
treatment strategies over time. Fifteen patients were lost to follow-up (all in the
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microscopic surgery group after an average of 101 months, range: 3-261 months).
Histopathology confirmed a corticotroph adenoma in nineteen patients with negative
imaging, and was inconclusive in one patient. See Table 2 for a detailed description
of diagnostic strategy and results.

| 137 patients included | 3 patients too short follow-up

to determine remission status

/

| 87 patients microscopic surgery 50 patients endoscopic surgery |
74 patients remission 12 patients 1 patient 39 patients remission 8 patients
persistent disease died persistent disease

|

| 18 patients recurrence | 9 patients recurrence

Repeated transsphenoidal surgery: Repeated transsphenoidal surgery:

- 10 patients microscopic (4 remission) - 13 patients endoscopic (5 remission, 1 too short
- 5 patients endoscopic (1 remission) follow-up to determine remission status after
After failed repeated surgery: repeated surgery)

- 3 patients radiotherapy (2 remission) After failed repeated surgery:

- 3 patients radiotherapy and adrenalectomy (3 remission) - 4 patients radiotherapy (1 remission)

- 2 patient adrenalectomy (1 remission) - 2 patients radiotherapy and adrenalectomy

- 1 patient radiotherapy and medical treatment (no disease control) (2 remission)

- 1 patient medical treatment (no disease control) - 1 patient 3" transsphenoidal surgery (remission)
Recurrence after repeated surgery: Recurrence after repeated surgery:

- 1 patient 3" transsphenoidal surgery (no remission) and - 1 patient 3" transsphenoidal surgery (remission)

radiotherapy (remission)
Other adjuvant treatment modalities:

Other adjuvant treatment modalities: - 2 patients radiotherapy (1 remission)
- 9 patients radiotherapy (9 remission) - 1 patient adrenalectomy (remission)
- 2 patient medical treatment (1 disease control) - 1 patients no further treatment

- 1 patient radiotherapy and medical treatment (disease control)
- 3 patients no further treatment

Figure 1: Flow chart of treatment and remission status.

Surgical outcome and recurrence-free survival

Three months after microscopic surgery, 74 of 86 patients (86.0%) were in remission,
of whom 67 patients (77.9%) were hydrocortisone dependent. One patient died three
days after microscopic surgery (cause not identified). The five-year recurrence-free
survival rate for the patients in remission after surgery was 89% (95% Cl: 82%-96%),
and the ten-year recurrence free survival rate was 84% (95% Cl: 75%-93%).

Three months after endoscopic surgery, 39 of 47 patients (83.0%) were in remission,
of whom 33 patients (70.2%) were hydrocortisone dependent. Both the five-year and
ten-year recurrence-free survival rates were 71% (95% Cl: 55%-87%) for the patients in
remission after surgery. All patients with negative pathology were in remission at the
end of follow-up, except for one patient. Patients with negative pathology achieved
remission after (repeat) transsphenoidal surgery or pituitary radiotherapy, and in
three cases after adjuvant bilateral adrenalectomy.
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Recurrence occurred less often in patients with microscopic surgery (hazard ratio
0.47, 95% Cl: 0.19-1.14), see Figure 2. The hazard ratio was 0.38 (95% Cl: 0.15-0.99)
if only the first 5 years of follow-up were considered. After adjustment, the hazard
ratio was 0.40 (95% Cl: 0.16-1.01). As percentage macroadenomas changed over time
(Figure 3), separate analyses for microadenomas and macroadenomas were
performed. For microadenomas the risk of recurrence was similar for the two
techniques: hazard ratio 0.99 (95% Cl: 0.26-3.74), or hazard ratio 0.79 (95% Cl: 0.20-
3.16) for the first 5 years of follow-up, which was similar after adjustment for age at
diagnosis. If only macroadenomas were considered, the hazard ratio was 0.18 (95% Cl:
0.04-0.91, p=0.038), which was exactly the same for the first 5 years of follow-up,
and 0.14 (95% Cl: 0.03-0.77; p=0.023) after adjustment for age at diagnosis, see
Figure 4. When patients with cavernous sinus invasion were excluded from analysis,
the hazard ratio for macroadenomas remained similar, also after adjustment for age
at diagnosis.
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Figure 2: Recurrence-free survival after microscopic versus endoscopic transsphenoidal surgery.
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Figure 3: Percentage of macroadenomas operated during the study period.
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Surgeons’ intraoperative findings were not clearly related to recurrence-free survival
(see Figure 5). Hazard ratios compared to the reference group of complete
adenomectomy were: 1.32 (95% Cl: 0.57-3.06) for (at least) partial adenomectomy
(1.21, 95% Cl: 0.43-3.39, for the first 5 years of follow-up), and 3.90 (95% CI: 0.86-
17.63) for residual tumor (4.49, 95% CI: 0.96-21.01, for the first 5 years of follow-up).
Hazard ratios after adjustment for age at diagnosis, type of adenomectomy
(microscopy or endoscopy), and tumor size (microadenoma or macroadenoma) were
similar. To assess a potential learning curve within the endoscopic surgery group,
patients that underwent endoscopic surgery until December 31 2011 (N=21) were
compared with patients that underwent endoscopic surgery after January 1 2012
(N=18). To determine whether preoperative imaging quality influenced surgical
success in microscopic surgery, patients with CT/X-ray imaging were compared with
patients with MRI scans. We found no difference between early and late years of
endoscopic surgery (hazard ratio 1.72, 95% Cl: 0.46-6.52, which was exactly the same
if only the first 5 years of follow-up were included; hazard ratio 1.06, 95% Cl: 0.25-
4.53 after adjustment), or between preoperative imaging techniques for microscopic
surgery (hazard ratio 0.99, 95% Cl: 0.36-2.73, which was 0.65, 95% Cl: 0.16-2.72, if
only the first 5 years of follow-up were included; similar after adjustment), see
Figure 6.

Intraoperative findings
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Figure 5: Recurrence-free survival according to surgeons’ intraoperative findings.
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transsphenoidal

adenomectomy

from 2003-2011

0,4
Endoscopic

_ 1 transsphenoidal
adenomectomy
from 2012-2016

Cumulative survival

0,24

0,0

T T T T T T T T T
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22 22 18 17 15 14 13 13 13 13 13
52 49 47 45 45 44 42 40 40 40 38
21 20 20 17 16 16 13 8 6 5 3
M o18 15 11 8 3 0 0 0 0 0 0

Figure 6: Recurrence-free survival according to imaging and time of surgery.

Overall survival

Within ten years after surgery, ten patients died: nine in the microscopic surgery
group and one in the endoscopic surgery group (all-cause mortality). One patient died
three days after microscopic surgery of unidentified cause, although a cardiogenic
cause was most likely, as left ventricular hypertrophy, coronary artery disease with
over 50% stenosis, and pulmonary edema were found at autopsy. Ten-year overall
survival rate was 89% (95% Cl: 82%-96%) for microscopic surgery and 94% (95% Cl. 83%-
100%) for endoscopic surgery. The hazard ratio for mortality was 2.79 (95% Cl: 0.35-
22.51, similar after adjustment) for microscopic versus endoscopic surgery, see
Figure 7.

Short- and long-term morbidity

In the microscopic group, less patients experienced a corticosteroid withdrawal
syndrome compared to the endoscopic group (hazard ratio after adjustment: 0.38,
95% Cl 0.20 to 0.72). Patients with microscopic surgery also had less long-term
neuropsychiatric morbidity after surgery than patients with endoscopic surgery. In
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Table 3, a detailed overview is presented of hazard ratios for short- and long-term
morbidity for endoscopic versus microscopic surgery.

Four patients were treated with antibiotics for meningitis, all after microscopic
surgery (two of whom had positive CSF cultures, with pseudomonas and klebsiella
species, respectively). Three patients had a severe bleeding (two in the microscopy
group and one in the endoscopy group), which was discovered directly after surgery
based on clinical findings/deterioration and confirmed on postoperative imaging: of
these patients one patient had a subdural hematoma (microscopy), one patient had a
intracerebral hematoma (microscopy) and a subarachnoid bleeding (both patients
were treated surgically), and one patient had severe epistaxis and hematemesis
(treated conservatively, but described as severe in the patient file, with at least 800
ml of blood loss; endoscopy). The other, non-severe bleedings were intraoperative
venous bleedings (predominantly from the cavernous sinus), that were excessive
compared to the expected amount of blood loss during surgery, and another episode
of mild epistaxis which was treated conservatively.

1,07 Type of surgery
Microscopic
— transsphenoidal

adenomectomy

0,84 .
Endoscopic

transsphenoidal
adenomectomy

0,6

0,4+

Cumulative survival

0,2+

T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10

Total follow-up time (years)

Number at risk:
-1 87 84 81 80 79 7 74 74 74 73 71
50 43 38 36 29 24 20 14 8 7 5

Figure 7: Overall survival after microscopic versus endoscopic transsphenoidal surgery.
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Repeated transsphenoidal surgery

Fifteen patients with initial microscopic surgery underwent a second transsphenoidal
surgery after a mean of 111 months (range: 7-242), of which ten were microscopic
and five endoscopic. Remission was obtained in five of these patients (33.3%) (all
hydrocortisone dependent [absolute deficiency], as evaluated three months after
repeated surgery), one of whom had undergone endoscopic and four repeated
microscopic surgery. In the endoscopic group, thirteen patients underwent repeated
transsphenoidal surgery after a mean of 21 months (range: 1-43), all of which were
endoscopic. Remission was obtained in five patients (41.7%) (four hydrocortisone
dependent [absolute deficiency] three months after repeated surgery), and duration
of follow-up was insufficient in one patient to determine remission status after
repeated surgery. A third transsphenoidal surgical procedure was performed in three
patients, resulting in remission in two patients (one hydrocortisone dependent
[absolute deficiency]). For more detailed information on adjuvant treatment and
remission status, see Figure 1.

Discussion

In this study, we compared remission rates, mortality risk, and short- and long-term
complications between patients treated at a European reference center for Cushing’s
disease with microscopic versus endoscopic transsphenoidal pituitary surgery. Both
techniques yielded similar results regarding remission rate and percentage of patients
with hydrocortisone dependency. Patients with microscopic surgery had longer
recurrence-free survival, but a higher mortality rate, than patients with endoscopic
surgery. When analysed separately, patients with a macroadenoma had a longer
recurrence-free survival after microscopic surgery than after endoscopic surgery. Our
results could not prove indications of the presence of a learning curve for endoscopic
surgery, nor did we find that the type of imaging technique influenced our results for
microscopic surgery. No clear relation was found between the surgeons’
intraoperative findings and recurrence-free survival, although patients with a certain
residual tumor after surgery seemed to perform worse than patients with complete
adenomectomy. After endoscopic surgery, more patients had symptoms consistent
with corticosteroid withdrawal, and patients showed a higher hazard ratio for long-
term neuropsychiatric morbidity.

While there have been previous cohort studies, a major strength of this study is that
this study includes the largest cohort to date, thereby increasing reliability of results
stratified by tumor size. This is also the first cohort study investigating long-term
mortality in Cushing’s disease after endoscopic surgery and comparing this to long-
term mortality after microscopic surgery. The remission rates and surgical morbidity
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obtained from this study are in line with previously published small cohort studies in
Cushing’s disease directly comparing both techniques (9-12). Our recently published
systematic review comparing both surgical techniques in Cushing’s disease showed an
advantage of performing endoscopic surgery for macroadenomas based on remission
and recurrence rates (26). This could not be confirmed in the current cohort study.

Table 3: Short- and long-term morbidity.

Hazard ratio (95% Cl;
p-value)”, unadjusted

Hazard ratio (95% Cl; p-value),
adjusted for age at diagnosis and
tumor size (microadenoma or
macroadenoma)

Surgical outcome

Persistent disease

Recurrent disease

Hydrocortisone dependency

- Absolute deficiency

- Normal cortisol response*

- Pragmatic replacemem.‘S

Repeat surgery

Remission after first repeat surgery

0.82 (0.34 to 2.01; p=0.663)
0.47 (0.19 to 1.14; p=0.093)
1.11 (0.73 to 1.68; p=0.625)
1.06 (0.69 to 1.62; p=0.793)

0.30 (0.13 to 0.70; p=0.005)
0.21 (0.04 to 1.13; p=0.069)

0.88 (0.35 to 2.21; p=0.789)
0.40 (0.16 to 1.01; p=0.052)
1.04 (0.68 to 1.60; p=0.845)
0.97 (0.63 to 1.50; p=0.888)

0.27 (0.11 to 0.64; p=0.003)
0.17 (0.02 to 1.16; p=0.070)

Short term morbidity: <3 month
after first surgery
Cerebrospinal fluid leakage
Meningitis

Bleeding, all

Bleeding, severe

Syndrome of inappropriate
antidiuretic hormone release
Diabetes insipidus

Anterior pituitary deficiency

- One axis

- Two axes

- Three axes

Corticosteroid withdrawal syndrome
Cardiovascular morbidity

°

°

0.56 (0.22 to 1.41; p=0.221)
0.32 (0.09 to 1.09; p=0.069)
1.04 (0.54 to 1.99; p=0.904)
0.76 (0.37 to 1.54; p=0.444)
0.85 (0.37 to 1.96; p=0.704)
0.41 (0.09 to 1.83; p=0.243)

0.39 (0.21 to 0.72; p=0.003)

o

o

0.56 (0.22 to 1.44; p=0.227)
0.29 (0.08 to 1.02; p=0.054)
0.96 (0.49 to 1.86; p=0.901)
1.06 (0.51 to 2.22; p=0.870)
1.18 (0.50 to 2.79; p=0.708)
0.52 (0.11 to 2.45; p=0.409)

0.38 (0.20 to 0.72; p=0.003)

Long term morbidity: >3 months
after first surgery

Anterior pituitary deficiency after 1
year

- One axis

- Two axes

- Three axes

Hydrocortisone dependency >3 years
Diabetes insipidus >3 months
Cardiovascular morbidity
Hypertension

Diabetes mellitus

Neuropsychiatric morbidity

0.79 (0.42 to 1.52; p=0.488)

0.83 (0.38 to 1.83; p=0.642)
0.65 (0.17 to 2.41; p=0.517)

1.05 (0.56 to 1.96; p=0.878)
1.71 (0.68 to 4.29; p=0.251)
0.37 (0.12 to 1.16; p=0.088)
0.85 (0.51 to 1.41; p=0.529)
0.53 (0.22 to 1.29; p=0.160)
0.14 (0.03 to 0.68; p=0.015)

1.03 (0.52 to 2.01; p=0.056)

1.10 (0.48 to 2.48; p=0.827)
0.74 (0.19 to 2.89; p=0.663)

1.11 (0.59 to 2.10; p=0.742)
1.84 (0.72 to 4.69; p=0.204)
0.43 (0.13 to 1.38; p=0.155)
0.92 (0.53 to 1.58; p=0.749)
0.56 (0.23 to 1.36; p=0.198)
0.15 (0.03 to 0.76; p=0.022)

Cl=confidence interval

#Reference group for hazard ratios was endoscopic surgery.

#Adjusted for age at diagnosis only.

*Hydrocortisone for symptoms despite normal cortisol response to CRH stimulation. °Insufficient data for

analysis.

SPragmatic hydrocortisone replacement (without stimulation test).
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There are several study limitations that need to be taken into account when
interpreting the study results. Patients treated microscopically were included in a
different time period than patients treated by endoscopic surgery, which might have
resulted in substantial differences between both study groups. The prevalence of
certain comorbidities has changed over time, as well as the available treatment
modalities for these comorbidities. However, patient characteristics were compared
between the study groups, and only follow-up duration and the use of medical
treatment prior to surgery differed largely. It is impossible to say in which direction
mortality might have changed due to the differences in prevalence and treatment of
comorbidities over time, as one might expect a worse survival with a higher
prevalence of comorbidities, but a better survival due to improved treatment
modalities. It is unlikely that recurrence-free survival is influenced by prevalence or
treatment of comorbidities. Although we adjusted for confounders, residual
confounding due to unmeasured or incorrectly measured confounders remains a
potential issue. To exclude a potential chronological bias completely, a new study
should be performed comparing both surgical techniques in the same study center
and in the same time period.

Selective loss to follow-up could have led to selection bias, as all patients lost to
follow-up were in the microscopic surgery group. As patients could have become lost
to follow-up due to various reasons (including both excellent health as well as very
poor health status), the direction in which the results may have been biased cannot
be determined. This effect was minimized as our analyses were confined to the first
ten years after surgery and loss to follow-up was on average 8.3 years after surgery.
Selection due to selective referral for endoscopic surgery to our center of mainly
complex cases (i.e. macroadenomas and/or those with inconclusive imaging features
suggesting lateral invasion of the cavernous sinus), may have led to worse surgical
outcomes and higher complication rates after endoscopic surgery than expected. This
is exemplified by the higher percentage of adenomas with cavernous sinus invasion in
the endoscopically treated group.

Over time, diagnostic strategies and treatment for Cushing’s disease have changed.
Diagnostic imaging has changed from CT to MRI resulting in better visualization of
suspect lesions, increasing the certainty of which target to address during surgery.
There have been several treatment changes at our center, e.g. the surgical technique
has changed from microscopic surgery to endoscopic surgery, and after 1990,
preoperative medical treatment to control cortisol secretion became common
practice at our center. Patients were not randomized to a certain treatment but
were treated by the method available at that time. Therefore, effects of time,
imaging technique, and use of medical therapy prior to surgery, cannot be separated
from the effect of the surgical technique. To evaluate the effect of preoperative
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medical treatment on outcome per se, a randomized trial is needed which compares
patients with the same surgical technique with and without medical pretreatment,
which has not yet been performed to our knowledge.

According to the STROBE statement, generalizability of the study needs to be
discussed (25). Theoretically, this study is generalizable to all patients with Cushing’s
disease with a primary surgical treatment of transsphenoidal adenomectomy.
However, generalizability is reduced due to specific effects produced by the setting
(hospital, neurosurgeons) and time period of inclusion of patients per study group.

In the endoscopic group, a higher rate of corticosteroid withdrawal syndrome was
seen. This is especially remarkable, as many patients received preoperative medical
treatment to lower cortisol concentrations before endoscopic surgery. However, this
result is in agreement with our clinical experience, and might be explained by
increased awareness for the corticosteroid withdrawal syndrome during recent years,
leading to better recognition and improved hydrocortisone adjustments, when
needed. Patients treated endoscopically showed a higher hazard ratio for long-term
neuropsychiatric morbidity. This is, at least in part, due to the increased awareness
of persistent neuropsychiatric comorbidity in patients with (previous) Cushing’s
disease in recent years.

Better results were anticipated for endoscopic surgery compared to microscopic
surgery regarding recurrence-free survival and complication rates, based on the
better visualization of tumors, certainly for the laterally invasive or large tumors.
Regarding recurrence-free survival, we found an advantage of microscopic surgery for
macroadenomas only. Microadenomas are most likely completely within the field of
vision regardless of the surgical technique, explaining the lack of difference between
both surgical techniques. As our recently published review showed an advantage of
endoscopic surgery for macroadenomas (26), the advantage of microscopic surgery
for macroadenomas shown in this study regarding recurrence-free survival might be
explained by the surgeons’ attempt to perform a complete tumor resection with
limited visibility of the entire tumor, although extent of anterior pituitary deficiency
after surgery was similar for both techniques. Another explanation is that more
difficult and invasive macroadenomas were referred to our center for endoscopic
surgery (six endoscopic versus four microscopic treated patients were referred by
other neurosurgeons or university medical centers), resulting in eight endoscopic
(50.0%) versus five microscopic (27.8%) macroadenomas with cavernous sinus
invasion. However, excluding patients with macroadenomas and cavernous sinus
invasion did not change the hazard ratio for recurrence. Differences between both
surgical techniques may also have occurred due to the small number of patients per
study group after stratification by tumor size. Differences in outcomes between the
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current cohort study and our recently published systematic review and meta-analysis
on the same subject (26) may have resulted from differences in included patients in
both studies, e.g. as a result of selective referral of more difficult and invasive
macroadenomas to our center, or as a result of differences in experience in and use
of both techniques for Cushing’s disease or also other pituitary adenomas between
our center and other centers included in the systematic review. Differences may also
have resulted from variations in used definitions for remission, recurrence, and
complications between study centers. The difference in outcome between the
current cohort study and our recently published systematic review emphasizes the
importance of combining data from multiple centers, as will be done for patient care
purposes in the newly established European Reference Network on Rare Endocrine
Conditions (Endo-ERN).

Conclusions

We found no clear advantage for either microscopic or endoscopic transsphenoidal
surgery in Cushing’s disease, based on surgical outcome or complications. In addition,
no learning curve was found for endoscopic surgery. The transition from microscopic
surgery to endoscopic surgery for Cushing’s disease in our center was made without
temporarily deterioration of outcomes, which may be reassuring for surgeons who
consider changing to endoscopic surgery.

References

1. Lindholm J, Juul S, Jorgensen JO, Astrup J, Bjerre P, Feldt-Rasmussen U, Hagen C, Jargensen J,
Kosteljanetz M, Kristensen L, Laurberg P, Schmidt K, Weeke J. Incidence and late prognosis of
cushing's syndrome: a population-based study. J Clin Endocrinol Metab. 2001;86(1):117-123.

2. Fernandez-Rodriguez E, Stewart PM, Cooper MS. The pituitary-adrenal axis and body composition.
Pituitary. 2009;12(2):105-115.

3. Pereira AM, Tiemensma J, Romijn JA. Neuropsychiatric disorders in Cushing's syndrome.
Neuroendocrinology. 2010;92 Suppl 1:65-70.

4.  Hofmann BM, Hlavac M, Martinez R, Buchfelder M, Muller OA, Fahlbusch R. Long-term results after
microsurgery for Cushing disease: experience with 426 primary operations over 35 years. J
Neurosurg. 2008;108(1):9-18.

5. Nieman LK, Biller BM, Findling JW, Murad MH, Newell-Price J, Savage MO, Tabarin A; Endocrine
Society. Treatment of Cushing's Syndrome: An Endocrine Society Clinical Practice Guideline. J Clin
Endocrinol Metab. 2015;100(8):2807-2831.

6. Van Haalen FM, Broersen LHA, Jorgensen JO, Pereira AM, Dekkers OM. Management of endocrine
disease: Mortality remains increased in Cushing's disease despite biochemical remission: A
systematic review and meta-analysis. Eur J Endocrinol. 2015;172(4):R143-R149.

7. Jankowski R, Auque J, Simon C, Marchal JC, Hepner H, Wayoff M. Endoscopic pituitary tumor
surgery. The Laryngoscope. 1992;102(2):198-202.

8.  Jho HD, Carrau RL. Endoscopic endonasal transsphenoidal surgery: experience with 50 patients. J
Neurosurg. 1997;87(1):44-51.

85



Chapter 4

9. Alahmadi H, Cusimano MD, Woo K, Mohammed AA, Goguen J, Smyth HS, Macdonald RL, Muller PJ,
Horvath E, Kovacs K. Impact of technique on cushing disease outcome using strict remission
criteria. Can J Neurol Sci. 2013;40(3):334-341.

10. Atkinson JL, Young WF, Jr., Meyer FB, Davis DH, Nippoldt TB, Erickson D, Vella A, Natt N, Abboud
CF, Carpenter PC. Sublabial transseptal vs transnasal combined endoscopic microsurgery in
patients with Cushing disease and MRI-depicted microadenomas. Mayo Clin Proc. 2008;83(5):550-
553.

11. Cheng RX, Tian HL, Gao WW, Li ZQ. A comparison between endoscopic trans-sphenoidal surgery
and traditional trans-sphenoidal microsurgery for functioning pituitary adenomas. J Int Med Res.
2011;39(5):1985-1993.

12. D'Haens J, Van Rompaey K, Stadnik T, Haentjens P, Poppe K, Velkeniers B. Fully endoscopic
transsphenoidal surgery for functioning pituitary adenomas: a retrospective comparison with
traditional transsphenoidal microsurgery in the same institution. Surg Neurol. 2009;72(4):336-340.

13. Ammirati M, Wei L, Ciric I. Short-term outcome of endoscopic versus microscopic pituitary
adenoma surgery: a systematic review and meta-analysis. J Neurol Neurosurg Psychiatry.
2013;84(8):843-849.

14. Goudakos JK, Markou KD, Georgalas C. Endoscopic versus microscopic trans-sphenoidal pituitary
surgery: a systematic review and meta-analysis. Clin Otolaryngol. 2011;36(3):212-220.

15. Esquenazi Y, Essayed WI, Singh H, Mauer E, Ahmed M, Christos PJ, Schwartz TH. Endoscopic
Endonasal Versus Microscopic Transsphenoidal Surgery for Recurrent and/or Residual Pituitary
Adenomas. World Neurosurg. 2017;101:186-195.

16. Jakimovski D, Bonci G, Attia M, Shao H, Hofstetter C, Tsiouris AJ, Anand VK, Schwartz TH.
Incidence and significance of intraoperative cerebrospinal fluid leak in endoscopic pituitary
surgery using intrathecal fluorescein. World Neurosurg. 2014;82(3-4):e513-523.

17. Bokhari AR, Davies MA, Diamond T. Endoscopic transsphenoidal pituitary surgery: a single surgeon
experience and the learning curve. Br J Neurosurg. 2013;27(1):44-49.

18. Leach P, Abou-Zeid AH, Kearney T, Davis J, Trainer PJ, Gnanalingham KK. Endoscopic
transsphenoidal pituitary surgery: evidence of an operative learning curve. Neurosurgery.
2010;67(5):1205-1212.

19. Chi F, Wang Y, LinY, Ge J, Qiu Y, Guo L. A learning curve of endoscopic transsphenoidal surgery
for pituitary adenoma. J Craniofac Surg. 2013;24(6):2064-2067.

20. Qureshi T, Chaus F, Fogg L, Dasgupta M, Straus D, Byrne RW. Learning curve for the
transsphenoidal endoscopic endonasal approach to pituitary tumors. Br J Neurosurg.
2016;30(6):637-642.

21. Nieman LK, Biller BM, Findling JW, Newell-Price J, Savage MO, Stewart PM, Montori VM. The
diagnosis of Cushing's syndrome: an Endocrine Society Clinical Practice Guideline. J Clin
Endocrinol Metab. 2008;93(5):1526-1540.

22. Dinsen S, Baslund B, Klose M, Rasmussen AK, Friis-Hansen L, Hilsted L, Feldt-Rasmussen U. Why
glucocorticoid withdrawal may sometimes be as dangerous as the treatment itself. Eur J Intern
Med. 2013;24(8):714-720.

23. Sonino N, Boscaro M, Fallo F, Fava GA. A clinical index for rating severity in Cushing's syndrome.
Psychother Ppsychosom. 2000;69(4):216-220.

24. Hernan MA, Hernandez-Diaz S, Robins JM. A structural approach to selection bias. Epidemiology.
2004;15(5):615-625.

25. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for
reporting observational studies. Int J Surg. 2014;12(12):1495-1499.

26. Broersen LHA, Biermasz NR, van Furth WR, de Vries F, Verstegen MJT, Dekkers OM, Pereira AM.
Endoscopic vs. microscopic transsphenoidal surgery for Cushing's disease: a systematic review and
meta-analysis. Pituitary. 2018;21(5):524-534.

86



Chapter 5

Endoscopic versus microscopic transsphenoidal
surgery for Cushing's disease: a systematic review
and meta-analysis

Leonie H. A. Broersen, Nienke R. Biermasz, Wouter R. van Furth, Friso de Vries,
Marco J. T. Verstegen, Olaf M. Dekkers, and Alberto M. Pereira

Pituitary. 2018 Oct;21(5):524-534.



Chapter 5

Abstract

Purpose

Systematic review and meta-analysis comparing endoscopic and microscopic
transsphenoidal surgery for Cushing’s disease regarding surgical outcomes (remission,
recurrence, and mortality) and complication rates. To stratify the results by tumor
size.

Methods

Nine electronic databases were searched in February 2017 to identify potentially
relevant articles. Cohort studies assessing surgical outcomes or complication rates
after endoscopic or microscopic transsphenoidal surgery for Cushing’s disease were
eligible. Pooled proportions were reported including 95% confidence intervals.

Results

We included 97 articles with 6,695 patients in total (5,711 microscopically and 984
endoscopically operated). Overall, remission was achieved in 5,177 patients (80%),
with no clear difference between both techniques. Recurrence was around 10% and
short-term mortality <0.5% for both techniques. Cerebrospinal fluid leak occurred
more often in endoscopic surgery (12.9% versus 4.0%), whereas transient diabetes
insipidus occurred less often (11.3% versus 21.7%). For microadenomas, results were
comparable between both techniques. For macroadenomas, the percentage of
patients in remission was higher after endoscopic surgery (76.3% versus 59.9%), and
the percentage recurrence lower after endoscopic surgery (1.5% versus 17.0%).

Conclusions

Endoscopic surgery for patients with Cushing’s disease reaches comparable results for
microadenomas, and probably better results for macroadenomas than microscopic
surgery. This is present despite the presumed learning curve of the newer endoscopic
technique, although confounding cannot be excluded. Based on this study,
endoscopic surgery may thus be considered the current standard of care. Microscopic
surgery can be used based on neurosurgeon’s preference. Endocrinologists and
neurosurgeons in pituitary centers performing the microscopic technique should at
least consider referring patients with Cushing’s disease with a macroadenoma.
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Introduction

Cushing’s disease is caused by an adrenocorticotropic hormone (ACTH)-secreting
pituitary adenoma, with an estimated incidence of 1.2-1.7 per million each year (1).
The resulting excess of glucocorticoids induces insulin resistance, dyslipidemia,
central obesity, hypercoagulability, and increases the risk of osteoporosis,
hypertension, and neuropsychiatric disorders (2, 3). First-choice treatment for
Cushing’s disease is transsphenoidal pituitary surgery, with selective adenoma
removal (4). Despite biochemical cure, mortality risk in patients with Cushing’s
disease remains increased (5).

Two main techniques have been used for transsphenoidal pituitary surgery:
microscopic and endoscopic surgery. Furthermore, the microscopic and endoscopic
techniques have been used in combination, in which the endoscope was used to
visually confirm findings of the microscope. The microscopic technique was the
established method to perform transsphenoidal surgery, until the first reports on
endoscopic pituitary surgery were published, starting in 1992 (6). With the operating
microscope, intraoperative differentiation of pathologic tissue from normal tissue is
achieved by providing three-dimensional vision in a direct line to the pituitary (7, 8).
Endoscopic pituitary surgery provides a broader field of vision using endoscopes with
various angles in close proximity to the pituitary, however losing the three-
dimensional vision and thus depth perception (6, 8). From the introduction of the
endoscope in transsphenoidal surgery, most surgical centers have chosen for
microscopy or endoscopy. Only few small cohort studies have compared the
microscopic and endoscopic surgical techniques in Cushing’s disease performed in the
same center (9-12). No clear differences in remission rate or surgical morbidity
between microscopic and endoscopic surgery could be shown. However, the studies
had only limited statistical power (9).

Several systematic reviews have compared endoscopic and microscopic surgical
techniques in a heterogeneous population of patients with various pituitary
adenomas. These studies have found a reduced rate of some complications
(postoperative diabetes insipidus, rhinological complications), but an increased rate
of other complications (vascular complications, cerebrospinal fluid leak, anterior
pituitary hormone deficiency) for the endoscopic technique (8, 13, 14). These
differences in outcomes may partially be explained by the surgeon’s attempt for a
more radical tumor excision with the newer endoscopic technique with better vision,
by the larger proportion of more challenging macroadenomas and re-operations
reported in literature, and by improved rhinological care by an otolaryngologist after
endoscopic surgery (8, 13, 14). Until now, no systematic review has been published
comparing the microscopic to the endoscopic surgical technique in Cushing’s disease.
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Convincing evidence supporting the choice for one of both techniques in the
treatment of Cushing’s disease, either based on treatment results or complication
rate, is thus lacking.

Study aims

The primary aims of this systematic review were to compare remission and
recurrence rate, and mortality, after microscopic versus endoscopic transsphenoidal
pituitary surgery for Cushing’s disease. Secondary study aims were to compare
complication rates, remission and recurrence rates stratified by tumor size, and
percentage remission after a repeat transsphenoidal surgical procedure.

Methods

Eligibility criteria

Randomized controlled trials and cohort studies in Cushing’s disease assessing
outcomes after endoscopic or microscopic transsphenoidal surgery were eligible.
Studies describing endoscope-assisted microscopic surgery were considered
microscopic surgery. Single-arm studies as well as direct comparisons were
considered, mainly because we did not expect many direct comparisons in a single
cohort. Study outcomes of interest were remission rate, recurrence rate, short- and
long-term mortality risk, and complications of surgery. Studies reporting outcomes
after primary as well as after repeat transsphenoidal surgery were eligible. Studies
reporting <10 patients with Cushing’s disease per treatment group were excluded to
minimize the risk of selection bias. Articles were also excluded if the study included
children only, if the study did not clearly report which surgery type was performed,
or if no distinction between surgery types was made in the analysis. Articles including
patients with selective adenomectomy as well as partial or total hypophysectomy
were included as long as total hypophysectomy did not exceed 5%. If described
separately, patients with total hypophysectomy were excluded from analyses. If
multiple articles described (partially) the same population, the article with the
largest cohort was included per analysis. Articles irretrievable online were requested
by contacting the authors. Articles still irretrievable, but with sufficient data
mentioned in the abstract for reliable eligibility assessment and data extraction,
were included. Only articles in English were considered.

Search strategy

To identify potentially relevant articles, PubMed, Embase, Web of Science,
COCHRANE Library, CENTRAL, Emcare, LWW, ScienceDirect, and Wiley were
systematically searched in February 2017 in cooperation with a specialized librarian
(see Supplemental Data 1 for the complete search strategy). References of included
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articles were searched and the search strategy was manually extended in PubMed
with the search term ‘pituitary adenoma’ to find more potentially eligible studies.

Data extraction

All identified articles were imported in endnote 8 (Thomson Reuters, Philadelphia,
PA, USA). Studies were screened by title and abstract and potentially relevant
articles were reviewed in detail to assess eligibility. Potentially relevant articles were
screened and reviewed by two reviewers independently and disagreement was solved
by consensus. The meta-analysis of observational studies in epidemiology (MOOSE)
guidelines were used for reporting (15).

Risk of bias assessment

For risk of bias analysis we used a component approach. Risk of bias was assessed by
two independent reviewers for all included studies using the following components,
which could potentially bias a reported association between surgical technique and
outcome:

1. Inclusion of patients (consecutive inclusion or a random sample is considered
low risk of bias)

2. Loss to follow-up (<5% is considered low risk of bias)

Criteria for diagnosis of Cushing’s disease (see below)

4. Clear reporting of criteria for main study outcome. For most studies the main
outcome is remission of Cushing’s disease. If remission is not a study
outcome, studies will be checked for reporting criteria for their primary
study outcome, most often one or more complications of treatment.

w

As criteria for diagnosis of Cushing’s disease vary widely over time and per study
center, and study outcomes also vary per included article, mentioning the criteria for
diagnosis and study outcome is considered a low risk of bias. Classification of
interventions was not considered in this risk of bias analysis, because the
interventions of interest are one-time procedures and therefore unlikely to be
misclassified.

Risk of bias analysis was used to explore potential heterogeneity. As most studies did
not compare the two surgical techniques directly, confounding was not judged at the
study level, but was assessed by comparing baseline characteristics between
microscopically and endoscopically treated patients. Variables influencing the choice
of treatment as well as co-interventions that could affect treatment outcome were
reported.
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Study endpoints

The main outcomes of this study were the percentage of patients reaching remission,
the recurrence rate, and the short-term mortality risk after microscopic and
endoscopic transsphenoidal pituitary surgery for Cushing’s disease. Secondary
outcomes were complication rates, rates of remission and recurrence stratified by
tumor size, and the percentage of patients to reach remission after a repeat
transsphenoidal surgical procedure. Because of the low number of studies with direct
comparisons, percentages were reported per surgical technique.

Remission was considered direct postoperatively (until 6 months post-surgery).
Hydrocortisone dependency was calculated as a percentage of the total patient
population to maintain comparability with remission rate. Disease recurrence was
estimated as percentage of the patients with initial remission. Mortality risk was
analyzed for short-term mortality (<3 months after surgery). Long-term mortality risk
(=3 months after surgery) was not analyzed, as time since surgery was often unclear.
Articles reporting mortality without mentioning time since surgery were excluded
from mortality analyses.

The following complications were assessed: cerebrospinal fluid leak, meningitis,
syndrome of inappropriate antidiuretic hormone secretion (SIADH), anterior pituitary
hormone deficiency, thromboembolism, bleeding, transient diabetes insipidus,
permanent diabetes insipidus, and psychopathology. If an article described diabetes
insipidus without specifying the duration, it was excluded from diabetes insipidus
analyses.

Statistical analysis

Percentages were pooled in a random-effects logistic regression model if there were
>5 articles per analysis. A fixed-effects model was used for analyses with <5 studies.
The Freeman-Tukey arcsine transformation was used to stabilize variances, in order
to prevent exclusion of studies with 0% or 100% as outcome. All analyses were
performed using Stata 11.2 (Stata Corp., College Station, TX, USA). Sensitivity
analyses were performed to assess the potential effect of high risk of selection bias
studies by excluding articles in which inclusion of patients was not consecutive or a
random sample and/or loss to follow-up was >5%. Of note, articles not mentioning
method of inclusion or loss to follow-up were not excluded in these sensitivity
analyses, as this would not leave sufficient articles for analysis (13 for microscopic
surgery and one for endoscopic surgery only). Sensitivity analyses were also
performed for studies with a study period starting from the year 2000 or later, to
assess the potential cohort effect of calendar year of surgery. Finally, sensitivity
analyses were performed for studies reporting specific criteria for diagnosis of
Cushing’s disease (pituitary imaging or petrosal sinus sampling, and at least one of
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the following laboratory measurements or tests: increased morning serum cortisol,
increased 24-h urinary free cortisol, increased midnight salivary cortisol, no
suppression of cortisol after a low dose dexamethasone test combined with a non-
suppressed ACTH) to increase reliability of including only patients with Cushing’s
disease, as well as for studies using at least a low dose dexamethasone test in the
determination of remission status to increase test homogeneity, and for studies
assessing remission status 3-6 months postoperatively, as this is a more reliable
timeframe to correctly assess remission status than direct postoperatively (16).

Results

Study selection

The initial search identified 932 articles. Searching through references of included
articles and manually extending the search in PubMed with the search term ‘pituitary
adenoma’ identified another 16 articles, thereby yielding a total of 948 articles. After
screening the articles by title and abstract, 685 articles were excluded, leaving 263
articles for detailed review. Reasons for exclusion are summarized in Figure 1. There
were 97 articles included in this review, two of which based on abstract only (17, 18).

Potentially relevant published
articles identified (n=948), Articles excluded (n=685)

screened by title and abstract - No original data: 236

- No Cushing’s disease: 80

- No transsphenoidal surgery: 108
- N<10: 156

- Language other than English: 38
- Children only: 45

- No human subjects: 10

- Selection on outcome: 12

Articles reviewed in detail
(n=263)

Articles excluded (n=166)

- Same population: 50

- No relevant outcome: 30

- No separate analysis for Cushing’s
disease or (type of) transsphenoidal
surgery: 53

- Selection on outcome: 21

- No transsphenoidal surgery: 12

Articles included (n=97)

Figure 1: Flow-chart of inclusion of articles in this systematic review.
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Study characteristics (Supplemental Data 2)

No randomized controlled trials were performed comparing microscopic to
endoscopic surgery. There were 71 studies reporting on microscopic surgery only (4,
7, 17, 19-86), 22 studies reporting on endoscopic surgery only (18, 87-107), and four
studies from four different centers reporting on both microscopic and endoscopic
surgery in the same center (9-12). Studies reporting on both techniques were entered
twice in the tables and analyses, separately for each of the techniques. Articles were
published between 1978 and 2017 for microscopic surgery and from 2001 to 2017 for
endoscopic surgery. Two included articles reported only results for patients after
repeat transsphenoidal surgery (65, 82). A total of 5,711 patients were included for
the microscopic technique, and 984 patients for the endoscopic technique.

Risk of bias assessment

Detailed risk of bias assessment per included article is shown in Supplemental Data 3.
Reported loss to follow-up (reported in 35 studies [36%]) ranged from 0% to 26.9%.
Inclusion of consecutive patients or a random sample of patients was explicitly stated
in 73 articles (75%). There were 80 articles (82%) that reported the criteria for
Cushing’s disease diagnosis, or that referred to the article in which the exact criteria
were published. Criteria for main study outcome were reported in 88 articles (91%).
Remission of Cushing’s disease was the main study outcome in 83 of these 88 articles
(94%).

Differences in baseline characteristics (confounding) are likely as treatment
assignment was dependent on calendar year of surgery and center. There were only
three articles describing both techniques in the same center and in the same
calendar period (see Supplemental Data 2). Furthermore, there was a slight
difference in average age at treatment (microscopy 21.5-50 years; endoscopy 31.9-
55.7 years) and in percentage female (microscopy 67%-93%; endoscopy 57%-95%). Co-
interventions that could influence treatment outcome were reported per article in
Supplemental Data 3. Nine included articles (9%) explicitly reported that no co-
interventions were used, 20 articles (21%) reported use of co-interventions before or
shortly after treatment in part of their included patients. The remaining 68 articles
(70%) did not report on co-interventions.

Study outcomes

For a total of 91 study groups (87 articles), remission was the primary outcome of
interest. Overall, remission was obtained in 80% (5,177 out of 6,484) of patients.
There were 48 articles reporting a (short- and/or long-term) mortality rate, and 60
articles reported the rate of, at least one, complication. For details of study
outcomes at the individual study level, see Supplemental Data 4.
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Pooled proportions of surgical outcomes: remission, recurrence, mortality, and
remission after repeat surgery (Figure 2; Table 1)

The percentage remission was similar for microscopically and endoscopically treated
patients, both reaching around 80% remission. Hydrocortisone dependency was seen
in 39.3% (95% confidence interval [CI]: 23.5%-56.4%) of patients after microscopic
surgery and in 33.5% (95% Cl: 13.3%-57.3%) after endoscopic surgery. Recurrence of
disease occurred in around 10% of patients after both types of surgery. Average
follow-up duration for studies reporting on disease recurrence was 1.0-15.4 years for
microscopy and 1.4-5.9 years for endoscopy. Recurrence occurred after an average of
6-76 months in studies using the microscopic technique, and after an average of 24-
54 months in studies using the endoscopic technique. Short-term mortality was 0.0%
(95% CI: 0.0%-0.2%) for microscopic surgery and 0.4% (95% Cl: 0.0%-2.2%) for
endoscopic surgery. The percentage of patients that obtained remission after a
repeated transsphenoidal surgical procedure was 55.7% (95% Cl: 43.3%-67.8%) for
microscopic surgery, and 42.6% (95% Cl: 18.4%-68.4%) for endoscopic surgery.
Measurements of treatment effect were consistent across individual studies, and
spread of measurements is reflected by the 95% confidence interval of the outcomes
of the analyses.
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Figure 2: Analysis of surgical outcomes of transsphenoidal surgery for Cushing’s disease. Bars: 95%
confidence interval.
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Pooled proportions of complications after transsphenoidal pituitary surgery for
Cushing’s disease (Figure 3; Table 1)

Cerebrospinal fluid leak was reported less often in patients after microscopic surgery
(4.0% [95% Cl: 2.3%-6.1%]), than after endoscopic surgery (12.9% [95% Cl: 5.8%-
22.1%]). Furthermore, SIADH, bleeding and permanent diabetes insipidus were seen
slightly less often in patients after microscopic surgery, than in patients after
endoscopic surgery. Transient diabetes insipidus was reported more often in patients
after microscopic surgery (21.7% [95% Cl: 15.0%-29.3%]), than in patients after
endoscopic surgery (11.3% [95% Cl: 6.6%-17.1%]). Meningitis (around 0.4%), anterior
pituitary deficiency (around 10.5%), and thromboembolism (little over 1%), were seen
in about equal percentages of patients, regardless of surgical technique.
Psychopathology was reported in 0.7% (95% Cl: 0.0%-3.1%) of patients after
microscopic surgery. There were no articles on endoscopic surgery reporting on
psychopathology.

Table 1: Results of meta-analyses comparing microscopic and endoscopic surgery for Cushing’s disease.

Microscopic surgery Endoscopic surgery

Estimated 95% confidence Estimated 95% confidence

percentage interval percentage interval
Meta-analysis of surgical
outcomes
Remission 80.5 77.6-83.3 79.2 74.3-83.8
Hydrocortisone dependency 39.3 23.5-56.4 33.5 13.3-57.3
Recurrence 11.5 9.0-14.3 9.6 6.9-12.7
Short term mortality 0.0 0.0-0.2 0.4 0.0-2.2
Remission after repeat surgery 55.7 43.3-67.8 42.6 18.4-68.4
Meta-analysis of complications
Cerebrospinal fluid leak 4.0 2.3-6.1 12.9 5.8-22.1
Meningitis 0.6 0.1-1.3 0.1 0.0-1.0
Syndrome of inappropriate 3.5 1.3-6.6 5.2 2.9-8.0
antidiuretic hormone secretion
Anterior pituitary hormone 9.4 5.1-14.8 11.5 5.7-18.8
deficiency
Thromboembolism 1.2 0.4-2.3 1.5 0.4-3.0
Bleeding 1.9 0.7-3.5 3.7 0.8-8.3
Transient diabetes insipidus 21.7 15.0-29.3 11.3 6.6-17.1
Permanent diabetes insipidus 2.4 1.1-4.1 4.0 2.2-6.3
Psychopathology 0.7 0.0-3.1 -
Meta-analysis of surgical
outcomes according to tumor size
Remission for microadenoma 85.5 81.2-89.3 83.9 76.8-90.0
Recurrence for microadenoma 9.8 6.8-13.2 8.1 4.3-12.8
Remission for macroadenoma 59.9 52.0-67.6 76.3 64.3-86.7
Recurrence for macroadenoma 17.0 5.6-31.5 1.5 0.0-6.4
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Pooled proportions of remission and disease recurrence according to tumor size
(Figure 4; Table 1)

For microadenomas, the percentage of patients that achieved remission was 85.5%
(95% Cl: 81.2%-89.3%) after microscopic surgery versus 83.9% (95% Cl: 76.8%-90.0%)
after endoscopic surgery. Recurrence of disease occurred in 9.8% (95% Cl: 6.8%-13.2%)
of patients after microscopic surgery versus 8.1% (95% Cl: 4.3%-12.8%) after
endoscopic surgery.

For macroadenomas, the percentage of patients that achieved remission was 59.9%
(95% Cl: 52.0%-67.6%) after microscopic surgery versus 76.3% (95% Cl: 64.3%-86.7%)
after endoscopic surgery. Disease recurrence occurred in 17.0% (95% Cl: 5.6%-31.5%)
after microscopic surgery versus 1.5% (95% Cl: 0.0%-6.4%) after endoscopic surgery.

Sensitivity analysis

Generally, results from sensitivity analyses were similar to those found in the main
analyses. Detailed results for sensitivity analyses and the number of studies per
analysis can be found in Supplemental Data 5.
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Figure 3: Analysis of complication rates after transsphenoidal surgery for Cushing’s disease. Bars: 95%
confidence interval.
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Figure 4: Analysis of surgical outcomes of transsphenoidal surgery for Cushing’s disease, stratified by tumor
size. Bars: 95% confidence interval.

Discussion

We performed a systematic review to compare surgical outcomes after microscopic
versus endoscopic transsphenoidal pituitary surgery for Cushing’s disease. Regardless
of surgical technique, remission rates were around 80% and recurrence rates around
10% after transsphenoidal surgery. There were no clear differences between surgical
techniques regarding mortality or remission rates after repeat transsphenoidal
surgery. Complication rates ranged from 0.1% (for meningitis) to 21.7% (for transient
diabetes insipidus), with minor differences between surgical techniques. Remission
and recurrence rates for microadenomas were similar for both surgical techniques.
However, remission rate was higher for macroadenomas (76.3% versus 59.9%), with a
lower recurrence rate (1.5% versus 17.0%) after endoscopic surgery than after
microscopic surgery. Thus, for macroadenomas only there seems to be an advantage
of the endoscopic over the microscopic surgical technique for transsphenoidal
treatment of Cushing’s disease.
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This is the first systematic review comparing microscopic and endoscopic
transsphenoidal pituitary surgery specifically for Cushing’s disease. We found
comparable remission and mortality rates for both surgical techniques, which is in
line with results of meta-analyses of heterogeneous populations of various pituitary
adenomas, and some small cohort studies comparing both techniques directly for
Cu