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CHAPTER 1GENERAL INTRODUCTION AND OUTLINE
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As reaction to undesirable, difficult or challenging circumstances, called stressors, 

a psychophysiological response is generated to enable an adequate response to these stressors: 

the stress response.1-3 Biologically, both the endocrine system as well as the autonomic nervous 

system play either individually or in close collaboration, a key role in regulating levels of  

stress.4, 5 Activation of the hypothalamus-pituitary-adrenal (HPA)-axis leads to secretion of the stress 

hormone cortisol from the adrenal cortex. Cortisol is the key mediator of the stress response and 

is required for cognition, behaviour, metabolism, and immunological functioning.5 Although stress 

responses are essential for survival and have evolved as adaptive processes, already back in 1956 it 

was observed that severe, prolonged stress might lead to tissue damage and disease.6 Persistent 

(chronic) stress is characterized by prolonged exposure to cortisol, affecting vital organs such as 

the brain, liver, muscle, cardiovascular system, gastrointestinal system, endocrine system, and 

immune system.1  

Cushing’s syndrome (CS) is characterized by glucocorticoid excess, most commonly 

caused by medically prescribed synthetic corticosteroids. Endogenous CS is caused by either 

adrenocorticotropic hormone (ACTH)-independent adrenal overproduction of cortisol (e.g. 

an adrenal adenoma, hyperplasia, or carcinoma), or by excess ACTH-secretion from a pituitary 

adenoma (i.e. Cushing’s disease (CD)) or an ectopic ACTH-producing tumor (most often bronchial 

carcinoids). Endogenous CS is a rare condition, with a reported incidence of only 2-3/million per 

year, although in selected patient populations such as poorly controlled diabetics and young 

patients with osteoporosis (particularly men) or hypertension the incidence is higher. The incidence 

of CD, the most common cause of endogenous CS, is estimated to be 1.2-2.4/million per year.7, 8 

The prolonged tissue exposure to increased levels of glucocorticoids induces changes in body 

composition (central obesity, osteoporosis, and sarcopenia), an adverse metabolic profile (insulin 

resistance and diabetes mellitus, hypercoagulability leading to venous and arterial thrombosis, 

dyslipidemia), hypertension, neuropsychiatric disorders, and also ophthalmological abnormalities 

may occur.9-11 Patients with CS may present with typical clinical findings such as facial rounding (‘moon 

face’), plethora, truncal obesity, purple striae, easy bruising, muscle weakness, and a dorsal fat pad, 

however the clinical manifestation of the syndrome may vary, and the diagnosis can be challenging 

in mild cases.12, 13 Associated comorbidities as well as CS itself lead to a decreased quality of life.14 

If left untreated, the prognosis of clinically manifest CS is poor, with an estimated 5-year survival 

of only 50%. 15 This increased mortality is mainly caused by macrovascular disease (e.g. stroke and 

myocardial infarction), but also infections, a hypercoagulable state, and poorly controlled diabetes 

mellitus may play a role.16 

Resection of primary lesion(s) underlying CS is the treatment modality of first choice, aiming at 

normalization of cortisol exposure to eliminate the associated symptoms, signs, and comorbidities, 

reducing mortality and improving prognosis, and to improve quality of life.17, 18 In case of a pituitary 

corticotropic adenoma, selective adenomectomy by transsphenoidal resection is the preferred 

treatment.19 Second-line therapeutic options include re-operation, medical therapy, radiotherapy, 

and bilateral adrenalectomy in case of noncurative pituitary surgery.17 In case of adrenal CS or 

an ectopic tumor, adrenalectomy, respectively removal of the ACTH-producing tumor, will be 

performed if possible, or bilateral adrenalectomy will be considered in case of metastatic ectopic 
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ACTH secretion.17 Surgical outcomes traditionally focus on biochemical remission, however thereby 

neglecting life-long complications such as hypocortisolism or hypopituitarism, which also impact 

quality of life, and are therefore important from a patient perspective.20-22 Because of the (often 

prolonged) hypercortisolemic state of patients with CS prior to diagnosis and treatment, this rare 

condition can be considered a model for the effects of chronic and severe stress and corticosteroid 

excess on the human body and brain.

An example of a disease in which stress and cortisol are believed to play a role in 

the pathophysiology is central serous chorioretinopathy (CSC). CSC is a specific chorioretinal eye 

disease often affecting the macula, in which thickening, hyperpermeability and choroidal congestion 

damage the retinal pigment epithelium. This process induces serous subretinal fluid accumulation 

and subsequently detachment of the neuroretina.23-25 If left untreated, irreversible loss of vision may 

occur. Although the pathogenesis of CSC is yet to be elucidated, an association of CSC with both 

psychosocial stress as well as biochemical stress in the form of exogenous corticosteroid use and 

endogenous hypercortisolism has been reported.11, 23, 26-28 Therefore, in this thesis CSC is used as 

a model for stress vulnerability of the eye. Although acute CSC often spontaneously resolves within 

a few months, in chronic CSC the prolonged presence of subretinal fluid may result in permanent 

photoreceptor damage, resulting in metamorphopsia and variable deterioration in visual acuity, 

color vison, and contrast leading to a decreased quality of  life.29, 30 The two most commonly used 

treatment modalities are high-density subthreshold micropulse laser and photodynamic therapy, of 

which the latter has been shown to be superior regarding complete resolution of subretinal fluid.31, 32 

This thesis is consists of two parts. Part one addresses the pathophysiology of stress related 

diseases, in which the rare stress- and cortisol-related diseases mentioned above serve as a model 

for stress vulnerability of the retina and the brain. In the second part of this thesis, specific features 

of the organization of thromboprophylaxis managment, outcome evaluation, and quality of care of 

patients treated for endogenous Cushing’s syndrome are described. 

PART ONE
Up to 5% of patients with CS have been reported to have had visual complaints during the active 

phase of the disease likely due to (one or more episodes of) CSC.33 CSC has even been described as 

the presenting symptom of CS.11 It has been hypothesized that endogenous glucocorticoid excess 

increases the risk of CSC by altering choroidal coagulation, systemic blood pressure, capillary 

fragility, and fibroblastic activity.24, 34 In patients with active endogenous CS, an increased choroidal 

thickness as a predisposing factor for CSC has been observed, as well as retinal abnormalities.35, 36  

In the study described in chapter 2, an ophthalmological screening with multimodal imaging 

including optical coherence tomography was performed in a series of consecutive patients with 

active CS without visual complaints, in order to evaluate abnormalities within the CSC spectrum and 

the potential need for standardized ophthalmological evaluation of all CS patients.

The other way around, in consideration of the suspected relationship between CSC and 

endogenous hypercortisolism/overactivity of the HPA-axis, it is important to consider whether CSC 

patients should be screened for CS. To assess the prevalence of CS in patients with chronic CSC 

and to assess whether chronic CSC is associated with hyperactivity of the HPA-axis, a systematic 
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screening for the presence of CS in a large cohort of chronic CSC patients was conducted, using 

a detailed clinical and biochemical evaluation. In addition, perceived stress was evaluated using 

validated questionnaires. Results of the patients with CSC were compared to the results of gender-

matched healthy subjects (chapter 3).

The activity of the HPA-axis as a proxy of exposure to stress and cortisol can be measured with 

a number of different tests. All tests reflect different aspects of exposure to cortisol. To estimate 

long-term cortisol exposure, concentrations of cortisol in scalp hair can be measured.37, 38 Increased 

hair cortisol concentrations have previously been associated with psychopathology, cardiovascular 

disease, obesity and metabolic syndrome, and the presence of active Cushing’s syndrome.39-41 

Also in patients with progressive keratoconus, another ophthalmological disease, elevated levels 

of hair cortisol have been reported.42 In order to investigate the suspected relationship between 

cortisol and chronic CSC, hair cortisol concentrations in a large cohort of chronic CSC patients were 

evaluated in chapter 4. Data of the patients were compared with data of hair cortisol concentrations 

obtained from the general population of adult control subjects.

In addition to biochemical stress, psychosocial stress and ‘type A’ behavioural characteristics 

have traditionally been associated with CSC.27, 28, 43-45 It has been hypothesized that type A behaviour 

might induce increased levels of catecholamines and cortisol,46-48 leading to a predisposition to CSC. 

In previous studies, however, a characteristic personality profile could not be identified in patients 

with CSC.49 Personality also effects coping behaviour.50 Several  studies with a limited number of 

subjects have reported an association between severe psychosocial stress and the onset of CSC, 

especially in CSC patients with poor coping mechanisms.27, 51, 52 Coping behaviour may be subject 

to self-management training, however, also psychological morbidity such as apathy and irritability 

may be a potential point of engagement. Chapter 5 describes a cross-sectional study aiming to 

assess maladaptive personality traits (i.e. traits related to type A behavioural pattern), apathy 

and irritability, and coping strategies in patients with chronic CSC, in order to identify potentially 

modifiable psychosocial factors in support to the current standard treatment.

PART TWO
Mortality in patients with CD is increased compared to the general population.16, 53 Whether 

mortality is also increased in patients that have been considered cured after initial therapy because 

they were in long-term remission of cortisol excess is vital for proper patient management, both 

from the physician and patient’s perspective. The question whether mortality remains increased 

after initial cure is also important for risk stratification in order to devise strategies for follow-

up, including treatment of comorbidities. Furthermore, data on factors predictive of mortality in 

the cured CD patient population are rare. Chapter 6 provides a systematic review and meta-analysis 

aiming at answering this important question.

Patients with remitted CD often report residual psychopathology and persisting impairments 

in cognitive and executive functioning, 54, 55 and also the reduction in quality of life is reported to 

persist despite curation.56 A cognitive function essential to lead a functional life is the cognitive 

skill of planning. Cognitive planning encompasses neurological processes involved with strategy 

formulation, coordination, evaluation, and selection of thought sequences, followed by actions 
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needed to achieve your goal.57 Reductions of these cognitive competences in remitted CD patients 

may lead to persisting impaired planning abilities, affecting psychological status, daily functionality, 

and quality of life. Whether patients with remitted Cushing’s disease demonstrate altered 

performance and brain activity patterns with regard to cognitive planning and executive functioning 

compared to healthy controls, is studied in chapter 7 using the Tower of London paradigm, a task 

requiring planning of intermediate, in many instances counterintuitive, steps to successfully solve 

a problem.58  

The association between CS and hypercoagulability has gained growing interest in recent years. 

An increased risk of venous thromboembolism, both during active hypercortisolism as well as in 

the postoperative period and even after remission, has been reported by multiple cohort studies, 

and was recently confirmed in a meta-analysis.59-61 The underlying mechanisms of, and contributing 

factors to the hypercoagulable state in CS patients are yet to be unraveled. The hemostatic 

abnormalities and coagulation profiles previously reported in CS are heterogeneously affected, 

with different studies reporting diverse hemostatic abnormalities, and no correlation has been 

found between the severity of hypercortisolism and hemostatic parameters.59, 60 To date, no 

prospective studies have been conducted evaluating the effects of prophylactic anticoagulation 

on the occurrence of venous thromboembolism in patients with CS, and therefore evidence-based 

guidelines on thromboprophylaxis management in this patient category are lacking.62 The study 

described in chapter 8 aimed to map the current clinical practice for thromboprophylaxis strategies 

in patients with CS across reference centers of the European Reference Network on Rare Endocrine 

Conditions, using a survey tool. 

In the pursuit of achieving remission, transsphenoidal surgery is the first line treatment in CD. 

Both remission and complications determine the success of the procedure, as failure to normalize 

cortisol levels is potentially life threatening,15 whereas potential complications such as pituitary 

deficiencies are also associated with comorbidities and reduced quality of life. 20-22, 63 A complicating 

factor in outcome evaluations of pituitary surgery in CD is the multitude of endocrine evaluations 

and tests, differences in defining normal test results, and particularly the position of hypocortisolism 

(the way hypocortisolism is taken into account in outcome evaluations), as well as by what means 

multiple interventions to achieve the optimal goal are assessed and appreciated. Clinicians will 

need to deal with discrepant test results in many cases, and ultimately decide on the state of 

disease. The judgement whether remission or recurrence is present will be based on integrating 

the (re-)occurrence of clinical signs and symptoms, and the results of subsequent testing. These 

considerations are well-adapted in clinical decision making, however in registries and outcome 

studies the definitions of disease state are quite heterogenous and difficult to compare and interpret. 

Outcome Squares are developed to report multidimensional outcome measures, including both 

remission and complications, in a standard classification in order to unify different outcome 

parameters in time, while taking the delicate balance between efficacy and safety into account.64 

Chapter 9  reports on long-term integrated postoperative follow-up measures in patients with 

Cushing’s disease using the Outcome Squares approach.
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