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From Pathogenesis to Treatment 
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anti-hypertensive options; PPAR- !  agonists may help in 
many aspects of the insulin resistance syndrome. The rela-
tively selective glucocorticoid receptor antagonist Mifepris-
tone (RU 486) could reduce blood pressure in patients with 
CS. Neuromodulatory agents such as the serotonin inhibi-
tors cyproheptadine and ritanserin, valproid acid, dopamine 
agonists, somatostatin analogs may occasionally be effec-
tive, as well as drugs acting directly at the adrenal levels, such 
as Ketoconazole and aminoglutetimide or even opDDD. 
Treating hypertension in CS remains a difficult task and a big 
challenge, in order to decrease the morbidity and mortality 
associated with the disease.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 A chronic excess of glucocorticoid exposure can cause 
a rare disorder called Cushing’s syndrome (CS). Adrenal 
causes include autonomous cortisol production by a uni-
lateral benign or malignant adenoma, or bilateral adrenal 
hyperplasia, or dysplasia. Nonadrenal causes result from 
adrenocorticotropin (ACTH) overproduction, due to a 
corticotropic adenoma (Cushing’s disease); an extrapitu-
itary (ectopic) ACTH-producing tumor or, rarely, an ec-
topic corticotropin-releasing hormone-producing tumor, 
leading to excess cortisol production. Additionally, exog-
enous steroids can cause iatrogenic CS.

 Key Words 
 Cushing’s syndrome  !  Resistant hypertension  !  Multiple 
therapy 

 Abstract 
 Hypertension is one of the most distinguishing features of 
endogenous Cushing’s syndrome (CS), as it is present in 
about 80% of adult patients whereas in children its preva-
lence is about 47%. Hypertension in CS is significantly cor-
related with the duration of hypercortisolism and results 
from the interplay between several pathophysiological 
mechanisms regulating plasma volume, peripheral vascular 
resistance and cardiac output, all of which are increased in 
this state. Glucocorticoids cause hypertension through sev-
eral mechanisms: their intrinsic mineralocorticoid activity; 
through activation of the renin-angiotensin system; by en-
hancement of vasoactive substances, and by causing sup-
pression of the vasodilatory systems. In addition, glucocorti-
coids may exert some hypertensive effects on cardiovascu-
lar regulation through the CNS via both glucocorticoid and 
mineralocorticoid receptors. Hypertension in CS usually re-
solves with surgical removal of the tumor, but some patients 
require pharmacological antihypertensive treatment both 
pre- and postoperatively. Thiazides and furosemide should 
be avoided, while adrenergic blockade and calcium channel 
antagonists are usually ineffective. Mineralocorticoid recep-
tor antagonists, Ang II blockers and ACE inhibitors are good 
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tabolized by different pathways, such as pravastatin. In sum-
mary, hyperlipidemia should be aggressively treated in pa-
tients with Cushing’s syndrome in view of the increased 
cardiovascular morbidity and mortality associated with this 
disorder.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Cushing’s syndrome is associated with increased mor-
bidity and mortality. The 5-year survival rate was report-
ed to be 50% when effective treatment was not available 
 [1] . Despite the significant improvement in therapeutic 
modalities, the standardized mortality ratio remains el-
evated  [2] . Chronic hypercortisolism is associated with 
several cardiovascular risk factors, including diabetes, 
hypertension, visceral obesity and dyslipidemia, leading 
to an increased incidence of cardiovascular disease  [3] . 
The relative risk for cardiovascular events is increased 
not only in endogenous Cushing’s syndrome, but also as 
a consequence of treatment with high-dose glucocorti-
coids  [4] . Even subclinical hypercortisolism  [5]  as well as 
cortisol levels in the highest tertile of the normal range 
 [6]  were associated with increased cardiovascular risk. 

 Key Words 
 Hyperlipidemia  !  Ketoconazole 

 Abstract 
 Cardiovascular risk factors such as hypertension, hyperlipid-
emia and glucose intolerance are highly prevalent in Cush-
ing’s syndrome. Lipid abnormalities have been reported in 
40–70% of patients, including those with ‘subclinical’ dis-
ease. Surgical cure is associated with significant amelioration 
of lipid profile in the majority of patients. Treatment of per-
sistent hyperlipidemia should be conducted according to 
the accepted general principles in use for other medical con-
ditions. Nevertheless, patients requiring medical treatment 
for persistent hypercortisolism present specific challenges, 
according to the selected therapeutic agent. For example, 
treatment with the adrenolytic drug o,p’DDD is associated 
with a prominent increase in cholesterol levels that necessi-
tates intensive use of lipid lowering agents. The use of ke-
toconazole, a potent inhibitor of cytochrome P450 3A4
(CYP3A4), may significantly increase plasma concentrations 
of certain statins (such as simvastatin and atorvastatin) that 
undergo metabolism by the same pathway, thus increasing 
the risk of complications and side effects. Therefore, prefer-
ence should be given to HMG-CoA inhibitors that are me-
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and diabetes, respectively), hypertension (more than 70% of 
the patients), and elevated triglyceride levels (20% of the pa-
tients). Almost two thirds of CS patients fulfill at least three 
criteria for MetS. The elevated incidence of diabetes and pre-
mature atherosclerosis (directly related to the length of ex-
posure to hypercortisolism), and the increased mortality 
(particularly cardiovascular mortality) relative to the general 
population (2 to 4 times higher) show that the predictive val-
ue of MetS is also valid in CS. Effective treatment of hyper-
cortisolism improves each of the five MetS components, but 
MetS and carotid atherosclerosis persist in most patients, 
and the cardiovascular risk therefore remains elevated. This 
calls for aggressive treatment of comorbidities and for very 
long-term follow-up.  Copyright © 2010 S. Karger AG, Basel 

 What Is Metabolic Syndrome? 

 Metabolic syndrome (MetS) is defined as a complex of 
interrelated risk factors, including obesity (particularly 
central obesity), elevated fasting glucose (FG), hyperten-
sion, elevated serum triglycerides (TG), and low high-
density-lipoprotein cholesterol (HDL-C). The tendency 
of these factors to cluster was discovered many years ago. 
Insulin resistance is considered to be the factor linking 
these different metabolic abnormalities, but the patho-
genesis of MetS is unclear. MetS is common in industrial-

 Key Words 
 Metabolic syndrome  !  Diabetes mellitus  !  Cardiovascular 
risk  !  Growth hormone deficiency  !  Cushing’s syndrome  !  
Glucocorticoids 

 Abstract 
 Although the concept of metabolic syndrome (MetS) as a 
disease entity continues to be debated, it provides a means 
by which patients at risk for diabetes and cardiovascular dis-
ease can be identified and categorized with routinely avail-
able criteria. Insulin resistance plays a central role in these 
abnormalities. Risk factors include central obesity, elevated 
fasting glucose, hypertension, elevated serum triglycerides, 
and low high-density-lipoprotein cholesterol. Various defi-
nitions of MetS have been proposed since 1998. Recently, a 
joint statement by several major organizations concluded 
that three abnormal values in a series of five criteria deter-
mined whether a person had MetS, and that elevated waist 
circumference was not an obligatory feature. A single set of 
cutoff points was proposed, except for waist circumference, 
which should be defined according to population and ethnic 
group. Cushing’s syndrome (CS) represents an archetype of 
MetS. High glucocorticoid levels lead to muscle, liver and ad-
ipocyte insulin resistance. Almost all patients with CS are 
obese or overweight, and have abdominal visceral adiposity. 
Many also have glucose metabolism abnormalities (21–60% 
and 20–47% of the patients have impaired  glucose tolerance 
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 Introduction 

 Endogenous Cushing’s syndrome (CS) is a conse-
quence of chronic exposure to high circulating levels of 
glucocorticoids. Cortisol is an end product of the hypo-
thalamic-pituitary-adrenal (HPA) axis, and is produced 
by the adrenal cortex in response to pituitary adrenocor-
ticotropin (ACTH). ACTH in turn is regulated by hypo-
thalamic secretion of corticotropin-releasing hormone 
(CRH) and vasopressin. CRH, vasopressin and ACTH se-
cretion is controlled by cortisol levels through a negative 
feedback mechanism at the level of the hypothalamus 
and pituitary. In healthy individuals, cortisol is secreted 
in a circadian rhythm; levels peak in the morning and 
then decrease during the day to a nadir around midnight. 
Endogenous CS is characterized by loss of this circadian 
rhythm, together with impaired physiologic feedback 
within the HPA axis. CS is usually caused by excessive 
ACTH release from a pituitary corticotrope adenoma 
(Cushing’s disease, CD) and less frequently by ectopic 
ACTH or (very rarely) CRH production. CS can also be 
ACTH-independent when caused by increased cortisol 
secretion by adrenocortical tumors or hyperplasia  [1] .

  Endogenous hypercortisolism is associated with in-
creased cardiovascular risk as well as a number of comor-

 Key Words 
 Cushing’s syndrome  !  Adipokines  !  Cardiovascular risk 

 Abstract 
 Cushing’s syndrome (CS) is associated with increased cardio-
vascular morbidity and mortality. Recent evidence also sug-
gests that increased cardiovascular risk may persist even af-
ter long-term remission of CS. Increased central obesity, a 
typical feature of CS, is associated with altered production of 
adipokines, which contributes to the pathogenesis of sev-
eral metabolic and cardiovascular complications observed 
in this condition. In vitro and in vivo studies have shown a 
relationship between cortisol and adipokines in several ex-
perimental settings. In patients with either active or ‘cured’ 
CS, an increase in leptin and resistin levels as well as the re-
lease of pro-inflammatory cytokines, such as tumor necrosis 
factor- !  and interleukin-6, may be associated with increased 
cardiovascular risk. For other adipokines, including adipo-
nectin, results are inconclusive. Studies are needed to fur-
ther elucidate the interactions between clinical and subclin-
ical increases in cortisol production and altered adipokine 
release in CS.  Copyright © 2011 S. Karger AG, Basel 
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 Introduction 

 Endogenous Cushing’s syndrome (CS) is a conse-
quence of chronic exposure to high circulating levels of 
glucocorticoids. Cortisol is an end product of the hypo-
thalamic-pituitary-adrenal (HPA) axis, and is produced 
by the adrenal cortex in response to pituitary adrenocor-
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secretion by adrenocortical tumors or hyperplasia  [1] .

  Endogenous hypercortisolism is associated with in-
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sidering that remission from hypercortisolism is often diffi-
cult to achieve and that the cardiovascular risk can persist 
even during disease remission, care and control of all cardio-
vascular risk factors should be one of the primary goals dur-
ing the follow-up of these patients. 
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 Cushing’s syndrome (CS) is characterized by a series 
of systemic complications, including visceral obesity, sys-
temic arterial hypertension, impairment of glucose toler-
ance, dyslipidemia and thrombotic diathesis, which in-
crease the cardiovascular risk  [1] . Cardiovascular compli-
cations associated with CS include coronary artery 
disease, congestive heart failure and cardiac stroke, which 
significantly increase the mortality rate of CS patients 
compared with the normal population  [2, 3] . The remis-
sion or cure of CS usually reduces but does not complete-
ly eliminate these systemic complications. Therefore, a 
history of CS is associated with a persistent increased car-
diovascular risk despite the normalization of cortisol se-
cretion  [4] .
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 Abstract 
 Cushing’s syndrome (CS) causes metabolic abnormalities 
that determine an increased cardiovascular risk not only dur-
ing the active phase of the disease but also for a long time 
after cure. Cardiovascular complications, such as premature 
atherosclerosis, coronary artery disease, heart failure, and 
stroke, in patients with CS cause a mortality rate higher than 
that observed in a normal population. The increased cardio-
vascular risk is mainly due to metabolic complications, such 
as metabolic syndrome, but also to vascular and cardiac al-
terations such as atherosclerosis and cardiac structural and 
functional changes. In the clinical management of patients 
with CS the focus should be on identifying the global cardio-
vascular risk and the aim should be to control not only hy-
pertension but also other correlated risk factors, such as obe-
sity, glucose intolerance, insulin resistance, dyslipidemia,
endothelial dysfunction and the prothrombotic state. Con-
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osteoporotic fractures. Bisphosphonates can induce a more 
rapid improvement in BMD than cortisol normalization 
alone and can be used in patients with increased risks for 
further fractures and/or persistent hypercortisolemia to pre-
vent further bone loss. Anabolic agents have not as yet been 
systemically used. Avascular necrosis, mainly of the femoral 
neck, and growth arrest in children are the most common 
skeletal disorders unrelated to osteoporosis encountered in 
patients with endogenous hypercortisolism. 
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 Glucocorticoids (GCs) exert multiple effects on bone 
and GC-induced osteoporosis is the commonest cause of 
secondary osteoporosis. However, the effects that GCs 
exert on bone metabolism are hampered by the specific 
effects of the underlying disease that GCs are prescribed 
for. Recently, a substantial amount of data has been gath-
ered from studies looking at the effects that GC excess 
exerts on bone denoted of any other confounding factors 
such as in cases of endogenous hypercortisolism (Cush-
ing’s syndrome; CS). This paper addresses the pathogen-
esis, incidence, prediction and treatment of osteoporosis 
in patients with CS and discusses other less common, re-
lated arthropathies encountered in such patients.
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 Abstract 
 Structural and functional impairment of the skeletal system 
remains an important cause of morbidity and disability in 
patients with Cushing’s syndrome (CS). Glucocorticoid (GC) 
excess inhibits bone formation and calcium absorption from 
the gut, increases bone resorption, and alters the secretion 
of gonadotropin and growth hormones, cytokines and 
growth factors influencing bone. Both overt and subtle en-
dogenous hypercortisolism affect bone, leading to vertebral 
fractures in up to 70% of patients. Fracture risk is related to 
age at onset, duration and severity of the disease and indi-
vidual susceptibility to GCs that is genetically determined. 
Bone mineral density (BMD) measurement at the lumbar 
spine should be performed as a screening test in all patients 
with CS due to the preferential loss of trabecular bone in-
duced by GCs. The higher risk of fractures at comparable 
BMD values with controls suggests that bone quality fea-
tures, not assessed by routine BMD approaches, are also im-
portant and should be addressed when indicated applying 
specific radiological means. Successful treatment of GC ex-
cess is associated with improvement in bone mass which, 
although delayed and often incomplete, reduces the risk of 
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 Introduction 

 Cushing’s syndrome (CS) is associated with psychopa-
thology. The spectrum of behavioral abnormalities ob-
served in patients with CS ranges from severe depression 
to mania and can be present in both endogenous CS and 
in patients exposed to exogenous corticosteroids, which 
strongly suggests a causal role for corticosteroid excess in 
the initiation and consolidation of psychopathology. In 
this concise review, we will address the pathophysiology 
of the neuropsychiatric disorders observed in CS. In or-
der to emphasize the crucial role of corticosteroid excess 
in the control of mood and behavior and cognitive func-
tion, we will first discuss the data on psychopathology 
observed in active CS, then the effects of reduction of cor-
ticosteroid synthesis or action on psychopathology in CS, 
and, finally, the reversibility of psychopathology after re-
mission of glucocorticoid excess.

  Physiology and Pathophysiology of the Control of 
Behavior in Response to Stress 

 In order to put the behavioral abnormalities observed 
in CS into the right perspective, it is important to realize 
that cortisol (or corticosterone in the rodent) is the main 
mediator of the stress response  [1] . When an individual is 
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 Abstract 
 Glucocorticoids are crucial in the initiation and consolidation 
of the stress response. Patients with active Cushing’s syn-
drome (CS) are exposed to excessive endogenous glucocor-
ticoid levels. In these patients, psychopathology is often be-
ing observed. The most common co-morbid disorder is ma-
jor depression, but to a lesser extent mania and anxiety 
disorders have also been reported. A severe clinical presen-
tation of CS often also includes depression. Reduction of 
 glucocorticoid synthesis or action, either with metyrapone, 
ketoconazole, or mifepristone, rather than treatment with 
antidepressant drugs, is generally successful in relieving de-
pressive symptoms, as well as other disabling symptoms. 
Following successful surgical treatment of hypercortisolism, 
both physical and psychiatric signs and symptoms improve 
substantially. However, it appears that patients do not com-
pletely return to their premorbid level of functioning and 
persistent impairment of quality of life and cognitive func-
tion has been reported despite long-term cure. At present, it 
is not clear whether, and to which extent, psychopathology 
still affects general well-being after long-term cure of CS. 
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Context: It has been debated whether an increased risk of venous thromboembolism (VTE) exists
in patients with Cushing’s syndrome.

Objective: We aimed to summarize published literature on the effects of endogenous hypercor-
tisolism on coagulation and fibrinolysis, as well as on the clinical outcome of VTE.

Data Sources: We searched the MEDLINE and EMBASE databases up to July 2008. Review of ref-
erence lists further identified candidate studies.

Study Selection: Two investigators independently performed study selection and data extraction.
Eligible studieshadto includeCushing’s syndromepatientsandeitherevaluatehemostaticparameters
in comparison with control persons or posttreatment levels or describe the occurrence of VTE.

Data Extraction: The Newcastle-Ottawa Scale was used to assess study quality. A scoring system
divided studies into categories of low, medium and high quality.

Data Synthesis: Of 441 identified publications, 15 reports were included. They contained infor-
mation on eight cross-sectionals, two intervention, and eight cohort studies. No high-quality stud-
ies were identified. Hypercoagulability was suggested by high levels of factor VIII, factor IX, and
von Willebrand factor and by evidence of enhanced thrombin generation. A risk of 1.9 and 2.5%
was reported for VTE not provoked by surgery, whereas risk of postoperative VTE varied between
0 and 5.6%, with one outlier of 20%. VTE was reported as the cause of death in 0–1.9% of Cushing’s
syndrome patients.

Conclusions: Available studies suggest a high risk of venous thrombosis in patients with Cushing’s
syndrome. Glucocorticoid-induced hypercoagulability as well as surgery and obesity almost cer-
tainly contribute to this thrombotic tendency. (J Clin Endocrinol Metab 94: 2743–2750, 2009)

Chronic glucocorticoid excess in patients with Cushing’s syn-
drome is associated with increased morbidity and mortal-

ity, mainly arising from cardiovascular complications due to per-
sistent hypertension, obesity, and glucose intolerance (1–3). In
addition, from the early 1970s onward, an increased risk of both

unprovoked and postoperative venous thromboembolism (VTE)
has been reported in patients with Cushing’s syndrome, further
adding to the cardiovascular morbidity (4–6).

Nowadays, the presence of a glucocorticoid-induced hyper-
coagulable state, i.e. the propensity to develop thrombosis due to
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Data Synthesis: Of 441 identified publications, 15 reports were included. They contained infor-
mation on eight cross-sectionals, two intervention, and eight cohort studies. No high-quality stud-
ies were identified. Hypercoagulability was suggested by high levels of factor VIII, factor IX, and
von Willebrand factor and by evidence of enhanced thrombin generation. A risk of 1.9 and 2.5%
was reported for VTE not provoked by surgery, whereas risk of postoperative VTE varied between
0 and 5.6%, with one outlier of 20%. VTE was reported as the cause of death in 0–1.9% of Cushing’s
syndrome patients.

Conclusions: Available studies suggest a high risk of venous thrombosis in patients with Cushing’s
syndrome. Glucocorticoid-induced hypercoagulability as well as surgery and obesity almost cer-
tainly contribute to this thrombotic tendency. (J Clin Endocrinol Metab 94: 2743–2750, 2009)

Chronic glucocorticoid excess in patients with Cushing’s syn-
drome is associated with increased morbidity and mortal-

ity, mainly arising from cardiovascular complications due to per-
sistent hypertension, obesity, and glucose intolerance (1–3). In
addition, from the early 1970s onward, an increased risk of both

unprovoked and postoperative venous thromboembolism (VTE)
has been reported in patients with Cushing’s syndrome, further
adding to the cardiovascular morbidity (4–6).

Nowadays, the presence of a glucocorticoid-induced hyper-
coagulable state, i.e. the propensity to develop thrombosis due to
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patients in whom initial surgical cure is not 
obtained. This underlines the importance of 
a rigorous and early follow-up of newly 
operated patients with CD. 
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disease or as part of Carney complex), and McCune-
Albright syndrome.1,2,13

Pathogenesis
Although Cushing’s disease is the most common form 
of endogenous Cushing’s syndrome, little is known 
about the underlying pathogenesis of these pituitary 
tumours.14 In general, corticotrope tumours show 
especially low expression of the cyclin-dependent inhibitor 
p27,15 overexpression of cyclin E,16 and a high Ki67 
expression indicative of high proliferative activity. 
Preponderance of reproductive-aged women might 
suggest a role of oestrogen, and there is a male 
predominance in prepubertal Cushing’s disease.17 
Corticotrope tumours are usually only a few mm in 
diameter, on average 6 mm, and are larger than 1 cm 
(macroadenoma) in only 6% of cases.18 

More is known about the synthesis and secretion of 
corticotropin.19 Corticotrope tumours express the pro-
opiomelanocortin gene (POMC), the peptide product of 
which is subsequently cleaved to corticotropin. By 
contrast with most microadenomas, such processing is 
relatively ineffi  cient in corticotrope macroadenomas, 
which secrete large amounts of unprocessed POMC.18,20,21 
Some pituitary macroadenomas are silent corticotrope 
adenomas and can present with tumour mass eff ects (eg, 
optic chiasm compression) alone. Patients with an initial 
absence of features of Cushing’s syndrome might 
progress to overt disease. These tumours can be 
diagnosed preoperatively, and followed up postoperatively, 
by measuring the amount of POMC in plasma.22  

Tumours causing Cushing’s disease are resistant to the 
eff ects of glucocorticoids, but POMC expression and 
corticotropin secretion are nevertheless partly reduced by 
high doses of dexamethasone in 80% of cases.1,23 Recent 
data show loss of corticotropin receptor expression on 
corticotropes, enhanced inactivation of cortisol by 11β-
hydroxysteroid dehydrogenase,24,25 and reduced expression 
of bridging protein, which is associated with 
glucocorticoid feedback.26 These data somewhat account 
for the resistance to glucocorticoids apparent in Cushing’s 

disease. About 90% of tumours express the corticotropin-
releasing hormone-1 receptor, as evidenced by the release 
of corticotropin in response to exogenously administered 
corticotropin-releasing hormone. Tumours also express 
the vasopressin-3 receptor and respond to vasopressin 
and desmopressin in vitro and in vivo.27,28 In ectopic 
corticotropin syndrome, study of the human DMS-79 cell 
line—a small-cell lung cancer model—has shown that 
POMC is activated by transcription factors distinct from 
those in the pituitary (including E2F  factors)29,30 that are 
able to bind the promoter in an unmethylated state.31 By 
contrast, carcinoid tumours, which have a more benign 
behaviour, show a molecular phenotype closer to that of 
pituitary corticotrope tumours.32   

By contrast with the above, we know more about rare 
causes of adrenal Cushing’s syndrome. Corticotropin-
independent macronodular adrenal hyperplasia is 
characterised in many cases by aberrant expression of 
receptors in both adrenal glands that are not normally 
present (ectopic expression) or by amplifi ed expression 
of receptors that are usually present (eutopic expression).13 
Cortisol secretion in these patients is mediated by 
functional membrane receptors for gastric inhibitory 
peptide (food-dependent Cushing’s);33–36 vasopressin;37–40 
catecholamines;41,42 interleukin 1;43 leptin;44 lutenising 
hormone;45 serotonin, or possibly by other unrecognised 
ligands.13 In cases in which receptors are coupled to 
enhanced cyclic AMP, activation is thought to cause 
hyperplasia, frequently over many years.33 Furthermore, 
the in-vitro responses of adrenal tissue obtained at 
surgery from these patients parallels the in-vivo response 
to peptides.46 The fact that these receptors might be 
present in bilateral macronodular adrenal hyperplasia 
associated with subclinical Cushing’s syndrome 
emphasises their potential causative role,47 and further 
weight is given to this notion by the fi nding  that 
expression of gastric inhibitory peptide is suffi  cient to 
induce adrenocortical growth.48 Thus, such aberrant or 
excessive receptor expression seems to play an important 
pathological part. The causes of abnormal expression of 
these receptors are not known. Aberrant receptors also 
occur in unilateral adenomas but much less commonly 
than in corticotropin-independent macronodular adrenal 
hyperplasia.49 Adrenal glands from patients with 
corticotropin-dependent disease also show expression of 
gastric inhibitory peptide receptors.50 Activation of the 
corticotropin receptor pathway might be associated with 
aberrant expression of gastric inhibitory peptide receptors 
that eventually causes corticotropin-independent disease, 
and such aberrant expression could be merely an 
epiphenomenon of the hyperplastic drive. Finally, a 
constitutively active mutant corticotropin receptor has 
been identifi ed in a patient with corticotropin-
independent Cushing’s syndrome.51

Primary pigmented nodular adrenal disease causes 
small nodules on the adrenal gland that might not be 
visualised on imaging. Diagnosis can be diffi  cult to make, 

Proportion Female:male

Corticotropin-dependent

Cushing’s disease 70% 3·5:1·0

Ectopic corticotropin syndrome 10% 1:1

Unknown source of corticotropin* 5% 5:1

Corticotropin-independent

Adrenal adenoma 10% 4:1

Adrenal carcinoma 5% 1:1

Macronodular hyperplasia <2% 1:1

Primary pigmented nodular adrenal 
disease <2% 1:1

McCune-Albright syndrome <2% 1:1

*Patients might ultimately prove to have Cushing’s disease.

Table 1: Causes of Cushing’s syndrome
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REVIEW

Evaluation and treatment of Cushing’s syndrome

Lynnette K. Nieman, MD, Ioannis Ilias, MD, DSc

Reproductive Biology and Medicine Branch, National Institute of Child Health and Human Development, National
Institutes of Health, Bethesda, Md.

ABSTRACT: Cushing’s syndrome results from sustained pathologic hypercortisolism caused by exces-
sive corticotropin (ACTH) secretion by tumors in the pituitary gland (Cushing’s disease, 70%) or
elsewhere (15%), or by ACTH-independent cortisol secretion from adrenal tumors (15%). The clinical
features are variable, and no single pattern is seen in all patients. Those features most specific for
Cushing’s syndrome include abnormal fat distribution, particularly in the supraclavicular and temporal
fossae, proximal muscle weakness, wide purple striae, and decreased linear growth with continued
weight gain in a child. Patients with characteristics of glucocorticoid excess should be screened with
measurements of saliva or urine cortisol or dexamethasone suppression testing. The diagnosis of
Cushing’s syndrome should be followed by the measurement of plasma ACTH concentration to
determine whether the hypercortisolism is ACTH-independent. In ACTH-dependent patients, bilateral
inferior petrosal sinus sampling with measurement of ACTH before and after administration of
ACTH-releasing hormone most accurately distinguishes pituitary from ectopic ACTH secretion. Sur-
gical resection of tumor is the optimal treatment for all forms of Cushing’s syndrome; bilateral
adrenalectomy, medical treatment, or radiotherapy are sought in inoperable or recurrent cases. The
medical treatment of choice is ketoconazole. The prognosis is better for Cushing’s disease and benign
adrenal causes of Cushing’s syndrome than adrenocortical cancer and malignant ACTH-producing
tumors.
© 2005 Elsevier Inc. All rights reserved.

KEYWORDS:
Pituitary neoplasms;
Adrenal gland
neoplasms;
Cushing’s syndrome

Cushing’s syndrome results from sustained pathologic
hypercortisolism. It is caused by excessive cortisol se-
cretion by adrenal tumors (15%) or by excessive corti-
cotropin (ACTH) secretion from pituitary (Cushing’s dis-
ease, 70%) or nonpituitary tumors (ectopic ACTH
secretion, 15%), which increases cortisol production. It is
a rare disorder, with an annual incidence of 2.5 cases per
million inhabitants in Denmark.1

Establishing the diagnosis of Cushing’s
syndrome

Clinical features

The diagnosis of Cushing’s syndrome often cannot be made
on clinical grounds, because no single pattern of symptoms
is seen in all patients (Table 1). The most characteristic
features (increased supraclavicular fat, proximal muscle
weakness, and purple striae wider than 1 cm) occur in a
minority.

Clinical and laboratory features of Cushing’s syndrome
overlap with those of common entities that comprise pseudo-
Cushing states including alcoholism, anxiety, depression, in-
adequately controlled diabetes, and morbid obesity. The di-
lemma is to identify patients most likely to have Cushing’s

Requests for reprints should be addressed to Lynnette K. Nieman, MD,
Building 10, CRC, 1 East, Rm 1-3140, 10 Center Dr, MSC 1109, Bethesda
MD 20892-1109.

E-mail address: NiemanL@nih.gov.

0002-9343/$ -see front matter © 2005 Elsevier Inc. All rights reserved.
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Abstract: Endogenous Cushing syndrome is an endocrine disease caused by excessive 
secretion of adrenocorticotropin hormone in approximately 80% of cases, usually by a pituitary 
corticotroph adenoma (Cushing disease [CD]). It is a heterogeneous disorder requiring a 
multidisciplinary and individualized approach to patient management. The goals of treatment 
of CD include the reversal of clinical features, the normalization of biochemical changes with 
minimal morbidity, and long-term control without recurrence. Generally, the treatment of 
choice is the surgical removal of the pituitary tumor by transsphenoidal approach, performed 
by an experienced surgeon. Considering the high recurrence rate, other treatments should be 
considered. Second-line treatments include more radical surgery, radiation therapy, medical 
therapy, and bilateral adrenalectomy. Drug treatment has been targeted at the hypothalamic or 
pituitary level, at the adrenal gland, and also at the glucocorticoid receptor level. Frequently, 
medical therapy is performed before surgery to reduce the complications of the procedure, 
reducing the effects of severe hypercortisolism. Commonly, in patients in whom surgery has 
failed, medical management is often essential to reduce or normalize the hypercortisolemia, and 
should be attempted before bilateral adrenalectomy is considered. Medical therapy can be also 
useful in patients with CD while waiting for pituitary radiotherapy to take effect, which can take 
up to 10 years or more. So far, results of medical treatment of CD have not been particularly 
relevant; however, newer tools promise to change this scenario. The aim of this review is to 
analyze the results and experiences with old and new medical treatments of CD and to reevaluate 
medical therapies for complications of CD and hypopituitarism in patients with cured CD.
Keywords: ketoconazole, somatostatin analogs, dopamine agonists, rosiglitazone, Cushing 
disease, glucocorticoids, hypopituitarism

Introduction
Endogenous Cushing syndrome is an endocrine disease caused by excessive secretion 
of adrenocorticotropin hormone (ACTH) in approximately 80% of cases, usually by a 
pituitary corticotroph adenoma (Cushing disease [CD]), less often by an extrapituitary 
tumor (ectopic ACTH syndrome), and very rarely by an ectopic corticotropin-releasing 
hormone – secreting tumor. ACTH-independent Cushing syndrome, accounting for 
about 20%, is due in most instances to an adrenal tumor, or more rarely, macronodular 
adrenal hyperplasia, primary pigmented nodular adrenal disease (either as isolated 
disease or as a part of Carney complex), or McCune–Albright syndrome.1,2

In CD, elevated ACTH secretion results in excess adrenal gland cortisol secretion. 
The normal cortisol feedback mechanism of the hypothalamic-pituitary-adrenal axis 
is disturbed, with loss of circadian rhythm and excess cortisol production, resulting 
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Introduction
Endogenous Cushing syndrome is an endocrine disease caused by excessive secretion 
of adrenocorticotropin hormone (ACTH) in approximately 80% of cases, usually by a 
pituitary corticotroph adenoma (Cushing disease [CD]), less often by an extrapituitary 
tumor (ectopic ACTH syndrome), and very rarely by an ectopic corticotropin-releasing 
hormone – secreting tumor. ACTH-independent Cushing syndrome, accounting for 
about 20%, is due in most instances to an adrenal tumor, or more rarely, macronodular 
adrenal hyperplasia, primary pigmented nodular adrenal disease (either as isolated 
disease or as a part of Carney complex), or McCune–Albright syndrome.1,2

In CD, elevated ACTH secretion results in excess adrenal gland cortisol secretion. 
The normal cortisol feedback mechanism of the hypothalamic-pituitary-adrenal axis 
is disturbed, with loss of circadian rhythm and excess cortisol production, resulting 
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in hypercortisolism. Clinical features of hypercortisolism 
include weight gain, severe fatigue and muscle weakness, high 
blood pressure, depression, cognitive impairment, purplish 
skin striae, easy bruising, loss of libido, diabetes, hirsutism, 
acne, and menstrual disorders. The nonspecificity and high 
prevalence of clinical symptoms in patients without the 
disorder complicate the diagnosis of Cushing syndrome and 
also the differential diagnosis between the different causes 
of hypercortisolism.1 For this reason, efficient screening and 
confirmatory procedures are essential before considering 
therapy. On the other hand, in untreated cases, morbidity and 
mortality rates are significantly elevated compared with those 
in normal subjects especially for the high cardiovascular and 
osteoporotic risk.3–8

The goals of treatment of CD include the reversal of clinical 
features, the normalization of biochemical changes with mini-
mal morbidity, and long-term control without recurrence.9

CD is caused by an ACTH-secreting tumor in the majority 
of cases, and so, optimal treatment is surgical resection by 
selective adenomectomy. In the event of failure after initial 
pituitary surgery or relapse after a period of remission, the 
second-line therapeutic options include repeated pituitary 
surgery, radiotherapy, or bilateral adrenalectomy. Finally, 
medical therapy may have a primary or adjunctive role in 
some cases. This review will focus on surgical treatment of 
CD, on therapies in case of persistent disease after transsphe-
noidal surgery (TS), and on medical management of CD.

Surgical treatment of CD
The first-line treatment of CD is the surgical removal of the 
pituitary tumor by transsphenoidal approach, performed by 
an experienced surgeon. Repeated TS may be undertaken 
if disease persists after initial surgery as soon as persistent 
disease is evident, but a delay of 4–6 weeks may be required 
to confirm the need for reoperation.9 The transsphenoidal 
microsurgery is still the most widely used technique; there 
are still less data available on outcome in entirely endoscopic 
surgery.9 However, the excellent view of the surgical field 
during endoscopic TS seems to provide an advantage in case 
of altered anatomy in repeated surgery.10

Efficacy

Remission rates in patients with microadenoma are in the 
range of 65%–90%. The recurrence rates are 5%–10% at 
5 years and 10%–20% at 10 years. In patients with mac-
roadenoma, remission rates are lower ( 65% in most 
series), and recurrence also occurs sooner than in those 
with microadenoma (mean of 16 months vs 49 months).11,12 

If an adenoma cannot be located in sellar exploration, total 
or partial hypophysectomy may be indicated, but there is 
consensus that it may induce remission less often than a 
selective tumor resection.9 The rate of success is also lower 
in repeated TS than that seen after the initial surgery;9 it has 
been shown to be effective in approximately 50%–70% of 
patients in a limited number of specialized centers.13

Prognostic factors
Favorable prognostic factors for successful surgery include 
magnetic resonance imaging (MRI) detection of the microad-
enoma, a well-defined tumor that is not invading either the 
basal dura or the cavernous sinus, histological confirma-
tion of ACTH-secreting tumor, low postoperative serum 
cortisol levels, and long-lasting adrenal insufficiency after 
surgery.9,11,12,14

Safety
The most common complications of TS are diabetes insipidus, 
cerebrospinal fluid (CSF) leakage, vascular complications 
(occlusion and bleeding), and hypopituitarism. Total or par-
tial hypophysectomy is associated with higher complication 
rates than selective tumor resection.9,12,15 Particularly, CSF 
leakage has been reported to occur more frequently during 
repeated TS than during the initial TS; this could depend 
on postoperative changes such as scar tissue but also as a 
result of a more aggressive surgical procedure in a usually 
small sella with a concave diaphragm.10 The higher rates of 
hypopituitarism after repeated TS can be expected because 
additional pituitary tissue is removed, even if the risk of 
hypopituitarism seems to be lower than reported rates several 
years after radiotherapy.16

Radiotherapy
In case of persistence or relapse of the disease, radiotherapy 
could be used. Fractionated external beam radiotherapy or 
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majority of recurrences occurred between 1 and 5 years
after surgery, although patients with acromegaly and NFA

also displayed a significant number of recurrences between

5 and 10 years (Fig. 9). These data were based on papers
that provided details on recurrence during follow-up (77%

of the prolactinoma papers, 71% of NFA papers, 72% of

acromegaly papers and 70% of papers on Cushing’s
disease).

Table 1 Absolute number of patients, remission, recurrence and follow-up period

PRL NFA ACRO CUSH

Number of patients 3,152 5,022 3,548 5,787

Number of patients in remission 1,949 2,232 2,162 4,207

Number of patients in remission in follow-up 1,771 2,065 1,980 4,206

Total years of follow-up in patients in remission 9,861 10,411 14,082 21,229

Number of recurrences 339 236 98 491

PRL prolactinoma, NFA nonfunctioning adenoma, ACRO acromegaly, Cush Cushing’s disease
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Fig. 3 Box-plots of the remission percentage after pituitary surgery
in patients with prolactinoma, nonfunctioning adenoma, acromegaly
and Cushing’s disease
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Abstract To study the currently available data of recur-
rence rates of functioning and nonfunctioning pituitary

adenomas following surgical cure and to analyze associ-

ated predisposing factors, which are not well established.
A systematic literature search was conducted using Med-

line, Embase, Web of Science and the Cochran Library for

studies reporting data on recurrence of pituitary adenoma
after surgery, in nonfunctioning adenoma (NF), prolacti-

noma (PRL) acromegaly (ACRO) and Cushing’s disease

(CUSH). Of 557 initially retrieved potential relevant
studies 143 were selected. Recurrence in NFA was defined

as reappearance of tumor on MRI or CT. Increase of hor-

mone levels above normal limits as set by the authors after
initial remission was used to indicate recurrence in the

functioning tumor types. Remission percentage was lowest

in NFA compared with other tumor types (P \ 0.001).
Surgery-related hypopituitarism was more frequent in

CUSH than in the other tumors (P \ 0.001). Recurrence,

expressed as percentage of the cured population or as ratio
of recurrence and total patient years of follow-up was

highest in PRL (P \ 0.001). The remission percentage did
not improve over 3 decades of publications, but there was a

modest decrease in recurrence rate (P = 0.04). Recur-

rences peaked between 1 and 5 years after surgery. Most of
the studies with a sufficient number of recurrences did not

apply multivariate statistics, and mentioned at best asso-

ciated factors. Age, gender, tumor size and invasion were
generally unrelated to recurrence. For functioning adeno-

mas a low postoperative hormone concentration was a

prognostically favorable factor. In NFA no specific factor
predicted recurrence. Recurrence rate differs between

pituitary adenomas, being highest in patients with prolac-

tinoma, with the highest incidence of recurrence between 1
and 5 years after surgery in all adenomas. Patients with

NFA have a lower chance of remission than patients with

functioning adenomas. The postoperative basal hormone
level is the most important predictor for recurrence in

functioning adenomas, while in NFA no single convincing

factor could be identified.

Keywords Pituitary adenoma ! Recurrence ! Relapse !
Acromegaly ! Non-functioning adenoma ! Prolactinoma !
Cushing’s disease ! Hypercortisolism ! Pituitary surgery !
Meta-analysis

Introduction

Over the last four decades the preferred treatment of choice

of pituitary adenomas has been transsphenoidal surgery,
although primary medical treatment is currently used in

most patients with prolactinoma and in selected patients
with acromegaly [1–4]. The obvious advantage of surgery

is the quick relief of signs and symptoms, and the arrest of

permanent damage to organ systems caused by the hor-
monal excess. Recurrence of a pituitary adenoma after

apparent cure is well recognized, but the clinical predictive

factors associated with relapse have not been studied sys-
tematically and compared between different types of ade-

nomas. The purpose of this study is to present a systematic

review and meta-analysis of publications spanning the last
three decades of pituitary surgery and reporting remission

and recurrence of pituitary adenomas during long-term

follow-up studies. Particular attention was given to clinical
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CLINICAL REVIEW: Cushing’s Syndrome: Important
Issues in Diagnosis and Management

James W. Findling and Hershel Raff

Endocrine-Diabetes Center (J.W.F.) and Endocrine Research Laboratory (H.R.), St. Luke’s Medical Center, Milwaukee,
Wisconsin 53215; and Department of Medicine (J.W.F., H.R.), Medical College of Wisconsin, Milwaukee, Wisconsin 53226

Context: The diagnosis, differential diagnosis, and treatment of
Cushing’s syndrome are challenging problems in clinical endocrinol-
ogy. We focus on critical questions addressing screening for Cushing’s
syndrome, differentiation of Cushing’s subtypes, and treatment
options.

Evidence Acquisition: Ovid’s MEDLINE (1996 through April 2006)
was used to search the general literature. We also relied on previously
published reviews and a recent monograph and cite a mix of primary
articles and recent reviews.

Evidence Synthesis: Although this article represents our opinion,
it draws heavily on a recent consensus statement from experts in the
field and a recent monograph on Cushing’s syndrome.

Conclusions: We concluded that: 1) measurement of late-night or
bedtime salivary cortisol is a useful approach to screen for Cushing’s

syndrome; 2) measurement of suppressed plasma ACTH by immu-
nometric assay is useful to differentiate ACTH-dependent and -in-
dependent Cushing’s syndrome; 3) inferior petrosal sinus sampling
for ACTH should be performed in patients with ACTH-dependent
hypercortisolism in whom a pituitary magnetic resonance imaging is
normal or equivocal (in the absence of a pituitary ACTH gradient,
prolactin levels should be measured to confirm the integrity of venous
sampling); 4) computed tomography of the chest and abdomen and
somatostatin receptor scintigraphy should be performed in patients
with the occult ectopic ACTH syndrome; and 5) patients with Cush-
ing’s disease should be referred to a neurosurgeon with extensive
experience operating on corticotroph microadenomas. Bilateral lapa-
roscopic adrenalectomy should be considered in patients with Cush-
ing’s disease who fail therapies directed at the pituitary. (J Clin
Endocrinol Metab 91: 3746–3753, 2006)

THE DIAGNOSIS, DIFFERENTIAL diagnosis, and treat-
ment of Cushing’s syndrome (hypercortisolism) are

challenging problems in clinical endocrinology. One of the
many manifestations of the obesity epidemic is the increase
in the number of patients with the Cushing’s phenotype. This
makes the use of an accurate but simple screening test vital
if one is to find the relatively unusual patient with true
endogenous Cushing’s syndrome among the many patients
who have some of the manifestations of hypercortisolism.
Once the diagnosis is made, the accurate differentiation of
Cushing’s syndrome into its subtypes is essential so that the
appropriate treatment option can be selected. For the pur-
poses of this brief review, we will focus on endogenous
hypercortisolism with the acknowledgment of the existence
of iatrogenic Cushing’s syndrome due to widespread use of
pharmacological glucocorticoid therapy (1).

We, and others, have extensively reviewed Cushing’s syn-
drome as a diagnostic and treatment dilemma (2–8). The
reader is encouraged to consult a recent in-depth monograph
published on this topic for detailed expositions on each as-
pect of Cushing’s syndrome (9). This review will focus on
major issues confronting the clinical endocrinologist when
considering the diagnosis, differential diagnosis, and treat-

ment of Cushing’s syndrome. We will use a Socratic ap-
proach in which we pose questions addressing the most
critical clinical problems associated with Cushing’s syn-
drome and then provide a focused answer to each question.

Question 1: Who Should Be Screened for Cushing’s
Syndrome, and What Is the Best (i.e. Reliable and

Simple) Approach?
Question 1A: Who should be screened?

Endogenous Cushing’s syndrome is a relatively unusual
condition that resembles many of the phenotypic features of
modern life: obesity, hypertension, and depression (2, 4,
6–8). Accordingly, it is important to identify those signs and
symptoms that warrant a screening test for Cushing’s syn-
drome. A common complaint is weight gain with redistri-
bution of adipose mass centrally (face, neck, trunk, and ab-
domen). This weight gain can occur at a wide range of rates
and sometimes can occur over more than a decade. Signif-
icant dorsocervical fat accumulation and, more specifically,
supraclavicular and temporal fossa fullness are examples of
findings warranting a screening test for Cushing’s syndrome.

Endogenous cortisol excess also leads to fairly specific
catabolic effects. These include thinning of the skin with easy
bruising, abdominal striae (usually in younger patients),
poor wound healing, immune suppression (opportunistic
and fungal infections), rib fractures, hirsutism in women,
acne, and muscle wasting leading to proximal muscle weak-
ness. Finally, decreased growth velocity in children with
Cushing’s syndrome is a common finding (10, 11).

Mood changes (usually depression) are also a common
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Abbreviations: IPSS, Inferior petrosal sinus sampling; LDDST, low-

dose dexamethasone suppression testing; MRI, magnetic resonance im-
aging; UFC, urine free cortisol.
JCEM is published monthly by The Endocrine Society (http://www.
endo-society.org), the foremost professional society serving the en-
docrine community.

0021-972X/06/$15.00/0 The Journal of Clinical Endocrinology & Metabolism 91(10):3746–3753
Printed in U.S.A. Copyright © 2006 by The Endocrine Society

doi: 10.1210/jc.2006-0997

3746

 at Biblioteca Area Biomedica Universita Tor Vergata on December 7, 2006 jcem.endojournals.orgDownloaded from 

Question 4: What Are the Best Approaches to Search
for an Occult ACTH-Secreting Tumor?

The occult ectopic ACTH syndrome reflects the presence
of hypercortisolism due to a radiographically and clinically
inapparent nonpituitary, ACTH-secreting neoplasm. The
majority of occult ectopic ACTH-secreting neoplasms are
either bronchial or thymic carcinoids or other neuroendo-
crine tumors (e.g. islet cell, medullary carcinoma of the thy-
roid, or pheochromocytoma) (3, 65). A radiological search for
an occult ACTH-secreting tumor should be instituted only
after the diagnosis of Cushing’s disease has been excluded by
IPSS. Extensive imaging without performing IPSS may result
in false-positive studies and lead to surgical misadventures.

Imaging of the thorax and abdomen with computed to-
mography will yield the highest detection rate in searching
for an occult ACTH-secreting neoplasm. MRI of the chest
may also provide some additional benefit because some
bronchial carcinoids have a central location and may be
mistaken on CT scanning for a blood vessel (66).

If these studies fail to yield a positive finding, further
studies are usually not helpful. The use of somatostatin re-
ceptor scintigraphy may be used because many of the neu-
roendocrine tumors express somatostatin receptors; how-
ever, these tumors may be quite small and the resolution of
somatostatin receptor scintigraphy is often not adequate (3,
6). Because of the low metabolic activity of occult ectopic
ACTH-secreting neoplasma, an initial study found that
positron emission tomography with 18-fluorodeoxyglucose
was of little value (67); however, a recent report in three
patients suggested some potential benefit particularly as
camera techniques are refined (68). The use of C-5-
hydroxytryptophan with positron emission tomography
scanning has been studied as a universal imaging technique
for neuroendocrine tumors, but there are not enough data
with ectopic ACTH-secreting tumors to warrant its current
use (69). Although tumor markers such as plasma calcitonin,
gastrin, glucagon, or somatostatin may often be elevated in
patients with ectopic ACTH syndrome, they are rarely help-
ful in identifying the source of the neoplasm (3). Extensive
multiorgan venous sampling for ACTH and even bronchial
lavage for ACTH have been reported but seem to have very
limited indications (3).

Question 5: What Are Approaches to the Patient with
Cushing’s Disease Who Has Had Unsuccessful

Pituitary Surgery or in Whom Cushing’s
Disease Has Recurred?

The most important treatment recommendation that an
endocrinologist makes to a patient with Cushing’s disease is
referral to a neurosurgeon with extensive experience in op-
erating on patients with corticotroph microadenomas. Even
under the best circumstances, remission rates after trans-
sphenoidal pituitary microsurgery range from 42 to 86% (70).
It has been shown that centers performing a large number of
pituitary operations have better outcomes and less morbidity
and mortality (71).

Immediate postoperative assessment of cortisol secretion
provides good prognostic information regarding the out-
come in patients with Cushing’s disease. Patients whose

cortisol levels decrease to less than 2–3 !g/dl (55.2–82.8
nmol/liter) (preferably undetectable) within 24–72 h after
surgery usually have a clinical and biochemical remission
(70, 72, 73). The absence of secondary adrenal insufficiency
4–6 wk postoperatively suggests that the patient either has
persistent hypercortisolism or most likely will have a recur-
rence. Some neurosurgeons have even advocated reopera-
tion and more complete hypophysectomy within a few days
of the initial surgery in patients whose basal cortisol levels
fail to suppress satisfactorily (74). Although this may be
successful, there are not yet many published data regarding
this aggressive approach. Furthermore, even in patients who
clearly have a clinical and biochemical remission (preceded
by secondary adrenal insufficiency), there is a recurrence rate
of 5–25% (70). Consequently, there are many patients with
Cushing’s disease who either fail initial pituitary surgery or
have a recurrence.

The increase morbidity and mortality in patients with
Cushing’s disease is related to the hypercortisolism and
rarely the ACTH-secreting pituitary tumor per se. Therefore,
the most important treatment goal must be ameliorating the
excessive cortisol secretion. In many patients with recurrent
or persistent Cushing’s disease, offering a repeat pituitary
operation may be a reasonable approach, particularly in
those with abnormalities on pituitary MRI. Again, there are
very few published data on reoperation in Cushing’s disease,
but the remission rates are clearly less than those in the initial
operation (74, 75).

Pituitary radiation (conventional or gamma knife) has
been recommended as a means to treat Cushing’s disease
when surgery fails. Although remission rates of 53–100%
have been reported with conventional radiotherapy and as
high as 76% in patients using gamma knife radiotherapy, the
normalization of cortisol secretion takes 12–36 months man-
dating adrenostatic therapy to attenuate hypercortisolism in
the interim (76, 77). Side effects of pituitary radiation, al-
though uncommon, may be quite serious (77) and include
development of a second tumor (astrocytoma), temporal lobe
necrosis, and temporal lobe epilepsy. Not surprisingly, the
majority of patients who undergo pituitary radiation even-
tually develop other anterior pituitary hormone deficiencies.

Pharmacological management of Cushing’s disease is usu-
ally directed at decreasing adrenal steroid secretion. Ad-
renostatic therapies, including ketoconazole, metyrapone,
and aminoglutethimide, all competitively inhibit adrenal en-
zyme activity and decrease cortisol secretion (78). These
drugs must be used two to three times daily, and the doses
are usually titrated to maintain a eucortisolemic state. In
addition to their individual side effects, these drugs fre-
quently lose effectiveness when the decrease in cortisol se-
cretion results in enhanced ACTH secretion leading to escape
from the competitive blockade on adrenal steroid biosyn-
thesis. Mitotane, a drug often used in adrenal carcinoma, has
several mechanisms of action that include adrenolytic activ-
ity, modification of steroid peripheral metabolism, and direct
inhibition of steroidogenesis (78). Acute control of severe
hypercortisolism may be achieved with the parenteral ad-
ministration of the hypnotic agent etomidate that will im-
mediately decrease adrenal steroid production (79).

Drugs acting at the hypothalamic-pituitary level have little
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clearly have a clinical and biochemical remission (preceded
by secondary adrenal insufficiency), there is a recurrence rate
of 5–25% (70). Consequently, there are many patients with
Cushing’s disease who either fail initial pituitary surgery or
have a recurrence.

The increase morbidity and mortality in patients with
Cushing’s disease is related to the hypercortisolism and
rarely the ACTH-secreting pituitary tumor per se. Therefore,
the most important treatment goal must be ameliorating the
excessive cortisol secretion. In many patients with recurrent
or persistent Cushing’s disease, offering a repeat pituitary
operation may be a reasonable approach, particularly in
those with abnormalities on pituitary MRI. Again, there are
very few published data on reoperation in Cushing’s disease,
but the remission rates are clearly less than those in the initial
operation (74, 75).

Pituitary radiation (conventional or gamma knife) has
been recommended as a means to treat Cushing’s disease
when surgery fails. Although remission rates of 53–100%
have been reported with conventional radiotherapy and as
high as 76% in patients using gamma knife radiotherapy, the
normalization of cortisol secretion takes 12–36 months man-
dating adrenostatic therapy to attenuate hypercortisolism in
the interim (76, 77). Side effects of pituitary radiation, al-
though uncommon, may be quite serious (77) and include
development of a second tumor (astrocytoma), temporal lobe
necrosis, and temporal lobe epilepsy. Not surprisingly, the
majority of patients who undergo pituitary radiation even-
tually develop other anterior pituitary hormone deficiencies.

Pharmacological management of Cushing’s disease is usu-
ally directed at decreasing adrenal steroid secretion. Ad-
renostatic therapies, including ketoconazole, metyrapone,
and aminoglutethimide, all competitively inhibit adrenal en-
zyme activity and decrease cortisol secretion (78). These
drugs must be used two to three times daily, and the doses
are usually titrated to maintain a eucortisolemic state. In
addition to their individual side effects, these drugs fre-
quently lose effectiveness when the decrease in cortisol se-
cretion results in enhanced ACTH secretion leading to escape
from the competitive blockade on adrenal steroid biosyn-
thesis. Mitotane, a drug often used in adrenal carcinoma, has
several mechanisms of action that include adrenolytic activ-
ity, modification of steroid peripheral metabolism, and direct
inhibition of steroidogenesis (78). Acute control of severe
hypercortisolism may be achieved with the parenteral ad-
ministration of the hypnotic agent etomidate that will im-
mediately decrease adrenal steroid production (79).

Drugs acting at the hypothalamic-pituitary level have little
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Abstract To study the currently available data of recur-
rence rates of functioning and nonfunctioning pituitary

adenomas following surgical cure and to analyze associ-

ated predisposing factors, which are not well established.
A systematic literature search was conducted using Med-

line, Embase, Web of Science and the Cochran Library for

studies reporting data on recurrence of pituitary adenoma
after surgery, in nonfunctioning adenoma (NF), prolacti-

noma (PRL) acromegaly (ACRO) and Cushing’s disease

(CUSH). Of 557 initially retrieved potential relevant
studies 143 were selected. Recurrence in NFA was defined

as reappearance of tumor on MRI or CT. Increase of hor-

mone levels above normal limits as set by the authors after
initial remission was used to indicate recurrence in the

functioning tumor types. Remission percentage was lowest

in NFA compared with other tumor types (P \ 0.001).
Surgery-related hypopituitarism was more frequent in

CUSH than in the other tumors (P \ 0.001). Recurrence,

expressed as percentage of the cured population or as ratio
of recurrence and total patient years of follow-up was

highest in PRL (P \ 0.001). The remission percentage did
not improve over 3 decades of publications, but there was a

modest decrease in recurrence rate (P = 0.04). Recur-

rences peaked between 1 and 5 years after surgery. Most of
the studies with a sufficient number of recurrences did not

apply multivariate statistics, and mentioned at best asso-

ciated factors. Age, gender, tumor size and invasion were
generally unrelated to recurrence. For functioning adeno-

mas a low postoperative hormone concentration was a

prognostically favorable factor. In NFA no specific factor
predicted recurrence. Recurrence rate differs between

pituitary adenomas, being highest in patients with prolac-

tinoma, with the highest incidence of recurrence between 1
and 5 years after surgery in all adenomas. Patients with

NFA have a lower chance of remission than patients with

functioning adenomas. The postoperative basal hormone
level is the most important predictor for recurrence in

functioning adenomas, while in NFA no single convincing

factor could be identified.

Keywords Pituitary adenoma ! Recurrence ! Relapse !
Acromegaly ! Non-functioning adenoma ! Prolactinoma !
Cushing’s disease ! Hypercortisolism ! Pituitary surgery !
Meta-analysis

Introduction

Over the last four decades the preferred treatment of choice

of pituitary adenomas has been transsphenoidal surgery,
although primary medical treatment is currently used in

most patients with prolactinoma and in selected patients
with acromegaly [1–4]. The obvious advantage of surgery

is the quick relief of signs and symptoms, and the arrest of

permanent damage to organ systems caused by the hor-
monal excess. Recurrence of a pituitary adenoma after

apparent cure is well recognized, but the clinical predictive

factors associated with relapse have not been studied sys-
tematically and compared between different types of ade-

nomas. The purpose of this study is to present a systematic

review and meta-analysis of publications spanning the last
three decades of pituitary surgery and reporting remission

and recurrence of pituitary adenomas during long-term

follow-up studies. Particular attention was given to clinical
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majority of recurrences occurred between 1 and 5 years
after surgery, although patients with acromegaly and NFA

also displayed a significant number of recurrences between

5 and 10 years (Fig. 9). These data were based on papers
that provided details on recurrence during follow-up (77%

of the prolactinoma papers, 71% of NFA papers, 72% of

acromegaly papers and 70% of papers on Cushing’s
disease).

Table 1 Absolute number of patients, remission, recurrence and follow-up period

PRL NFA ACRO CUSH

Number of patients 3,152 5,022 3,548 5,787

Number of patients in remission 1,949 2,232 2,162 4,207

Number of patients in remission in follow-up 1,771 2,065 1,980 4,206

Total years of follow-up in patients in remission 9,861 10,411 14,082 21,229

Number of recurrences 339 236 98 491

PRL prolactinoma, NFA nonfunctioning adenoma, ACRO acromegaly, Cush Cushing’s disease
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Fig. 3 Box-plots of the remission percentage after pituitary surgery
in patients with prolactinoma, nonfunctioning adenoma, acromegaly
and Cushing’s disease
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151], than in those which did not confirm this finding
[92, 95, 98, 117, 134, 138].

Discussion

An important outcome of surgery of pituitary adenomas is
the immediate cure rate and the impact on normal pituitary

function. In our study we restricted the analysis to studies

that reported both short-term and long-term results of
surgery in unselected patient series. Our data analyses

demonstrate that patients with NFA have a lower chance of

remission, which is not too surprising, because many
patients are not diagnosed until the tumor is large resulting

in compression of the optic chiasm with generally sub-

stantial supra- and para-sellar extension, making curative
surgery less feasible than in (functioning) adenomas

restricted to the sella turcica. Indeed, many studies in

acromegaly, prolactinoma and Cushing’s disease, have
stressed the difference in remission percentage between

patients with a microadenoma and those with a macroad-
enoma [34, 80, 152, 153]. The overall (initial) remission in

patients with prolactinoma is comparable with the remis-

sion achieved in patients with acromegaly and Cushing’s
disease, suggesting that the tumor type per se does not

influence outcome.

Recurrence of a functioning adenoma was based on the
reappearance of clinical signs and symptoms, confirmed by

biochemical tests, as used by the authors. In order to allow

a fair comparison with the other adenoma types, in NFA
recurrence was defined as reappearance of an adenoma,

thus excluding patients with growth of a tumor remnant,

possible. For this review recurrence was either expressed as
percentage of patients who could be followed-up and thus

at risk for recurrence (thus controlling for deaths and other

causes of follow-up failure) and as recurrence rate. The
latter expression is the ratio of number of recurrences and

total years of patients at risk, thus (partially) eliminating

differences in follow-up time between studies. This study
shows that patients with acromegaly had fewer recurrences

than patients with other pituitary adenomas, both expressed

as percentage and as recurrence rate. In contrast, patients
with prolactinoma had a higher recurrence percentage and

rate than patients with acromegaly or Cushing’s disease. At

present, this behavior of prolactinoma is largely unex-
plained, but may be related to definition of cure, or to more

frequent microscopic tumor infiltration into normal pitui-

tary tissue, which is not removed at surgery.
Another interesting point emerging from this study is

that the remission percentage of transsphenoidal surgery
did not improve over the last three decades. The majority

of papers ([95%) which were included in this review were

based on traditional surgery using an operation microscope,
without the use of other tools, such as intraoperative blood

sampling of hormones, intraoperative use of MRI, neuro-

navigation or the additional use of an endoscope. If earlier
reports estimated the remission percentage to be too high,

a publication year-dependent decrease in recurrence
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Clinical factors involved in the recurrence of pituitary adenomas
after surgical remission: a structured review and meta-analysis

Ferdinand Roelfsema • Nienke R. Biermasz •

Alberto M. Pereira
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Abstract To study the currently available data of recur-
rence rates of functioning and nonfunctioning pituitary

adenomas following surgical cure and to analyze associ-

ated predisposing factors, which are not well established.
A systematic literature search was conducted using Med-

line, Embase, Web of Science and the Cochran Library for

studies reporting data on recurrence of pituitary adenoma
after surgery, in nonfunctioning adenoma (NF), prolacti-

noma (PRL) acromegaly (ACRO) and Cushing’s disease

(CUSH). Of 557 initially retrieved potential relevant
studies 143 were selected. Recurrence in NFA was defined

as reappearance of tumor on MRI or CT. Increase of hor-

mone levels above normal limits as set by the authors after
initial remission was used to indicate recurrence in the

functioning tumor types. Remission percentage was lowest

in NFA compared with other tumor types (P \ 0.001).
Surgery-related hypopituitarism was more frequent in

CUSH than in the other tumors (P \ 0.001). Recurrence,

expressed as percentage of the cured population or as ratio
of recurrence and total patient years of follow-up was

highest in PRL (P \ 0.001). The remission percentage did
not improve over 3 decades of publications, but there was a

modest decrease in recurrence rate (P = 0.04). Recur-

rences peaked between 1 and 5 years after surgery. Most of
the studies with a sufficient number of recurrences did not

apply multivariate statistics, and mentioned at best asso-

ciated factors. Age, gender, tumor size and invasion were
generally unrelated to recurrence. For functioning adeno-

mas a low postoperative hormone concentration was a

prognostically favorable factor. In NFA no specific factor
predicted recurrence. Recurrence rate differs between

pituitary adenomas, being highest in patients with prolac-

tinoma, with the highest incidence of recurrence between 1
and 5 years after surgery in all adenomas. Patients with

NFA have a lower chance of remission than patients with

functioning adenomas. The postoperative basal hormone
level is the most important predictor for recurrence in

functioning adenomas, while in NFA no single convincing

factor could be identified.

Keywords Pituitary adenoma ! Recurrence ! Relapse !
Acromegaly ! Non-functioning adenoma ! Prolactinoma !
Cushing’s disease ! Hypercortisolism ! Pituitary surgery !
Meta-analysis

Introduction

Over the last four decades the preferred treatment of choice

of pituitary adenomas has been transsphenoidal surgery,
although primary medical treatment is currently used in

most patients with prolactinoma and in selected patients
with acromegaly [1–4]. The obvious advantage of surgery

is the quick relief of signs and symptoms, and the arrest of

permanent damage to organ systems caused by the hor-
monal excess. Recurrence of a pituitary adenoma after

apparent cure is well recognized, but the clinical predictive

factors associated with relapse have not been studied sys-
tematically and compared between different types of ade-

nomas. The purpose of this study is to present a systematic

review and meta-analysis of publications spanning the last
three decades of pituitary surgery and reporting remission

and recurrence of pituitary adenomas during long-term

follow-up studies. Particular attention was given to clinical

F. Roelfsema (&) ! N. R. Biermasz ! A. M. Pereira
Department of Endocrinology and Metabolic Diseases,
Leiden University Medical Center, Albinusdreef 2,
2333 ZA Leiden, The Netherlands
e-mail: f.roelfsema@lumc.nl
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percentage and rate would have been expected. Indeed, the

review demonstrated a very moderate decrease in recur-
rence rate over the years, which could also be explained by

improved surgical techniques, increased experience of
neurosurgeons and the limitation of performance of pitui-

tary operations to dedicated surgeons. Furthermore, a very

weak correlation between remission and recurrence per-
centage was found, explaining only 3% of variability,

indicating that remission and recurrence are largely inde-

pendent phenomena. These observations, therefore, indi-
cate that remission rates reported in earlier publications are

not greatly influenced by less sensitive hormone assays in

use at that time.
One might suppose that a longer follow-up period will

lead to a higher recurrence rate. We investigated this

hypothesis, which was only possible in studies which
reported details on the time of recurrence after surgery, or

gave sufficient data to calculate these data. Fortunately, the

percentage of studies of the 4 tumor types reporting these
details was comparable, and lying between 70 and 77%.

For a meaningful comparison between studies, the time

period was divided into bins of less than 1 year, between 1

and 5 years, between 6 and 10 years, and longer than

10 years. With the limitation that the majority of studies
were shorter than 10 years, the incidence of recurrence

peaked between 1 and 5 years, and not later. It is not
unreasonable to assume that adenoma recurrences originate

from tiny postoperative tumor remnants, with insufficient

hormone secretion (or size) to affect biochemical tests or
detection with high-resolution MRI. Apparently, the

growth rates of these recurrent tumors are comparable,

although recurrence of functional tumors is no guarantee
that they can be detected by MRI or high resolution CT

scanning.

The clinical factors of age, gender, tumor size and
invasion had no predictive value in most studies, inde-

pendently of the tumor type. However, there is no agree-

ment whether silent corticotrope adenomas have a greater
growth potential than NFA tumors. This matter is of some

importance, since prophylactic postoperative irradiation

has been advocated for this type of adenoma. However, our
review indicates that this issue is still unsettled [154].

Particularly, regarding acromegaly and prolactinoma one

might expect that a normalized TRH test (normalization of

YESNO
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Fig. 10 Prognostic factors of tumor recurrence. The horizontal bars
represent the number of studies reporting significant associations
(black bars) or the absence of a statistically validated association
(gray bars). The reported factors are listed vertically for each

adenoma type. The number of studies not reporting clinical details on
recurrences is also indicated in the figure. The numbers at the end of
the bars reflect the total number of recurrences of that particular risk
factor and the total years at risk for the group
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reported to normalize UFC in a subgroup of patients
(103). Combination therapy with pasireotide and
cabergoline may provide a greater inhibitory effect
than with either agent alone (104).

The glucocorticoid receptor antagonist mifepristone
has recently been approved by the Food and Drug
Administration for the treatment of hyperglycemia

secondary to hypercortisolism in adult patients
with endogenous CS. An uncontrolled, open-label,
24-week multicenter study found that mifepristone
decreased HbA1c levels in CS patients with glucose
intolerance and was generally well tolerated. Patient
cortisol and ACTH levels increased during this
study (105).

Table 3 Reported outcomes of surgery and radiotherapy in patients with CD.

Treatment option Control/remission
Incidence of complications and
adverse effects Comments

TSS (in patients with
microadenomas)

Remission: 73–100%
(37, 82, 83, 84)

Hypopituitarism: 34% (84) TSS induces remission in about
80% of patients (minimum of
6 months’ follow-up), the
remission rate ranged from 73
to 100% and the recurrence
rate from 5 to 13%

Recurrence: 5–13% (37, 83) CSF leak: 1.8–13% (83, 84)
DI: 5–57% (83, 84)

TSS (in patients with
macroadenoma)

Remission: 65–100%
(37, 82, 84)

DI: 19% (84) Results from studies highlighting
the differences of outcome by
size of adenoma are
equivocal

Recurrence: 18–36% (37, 87) Hypopituitarism: 24% (84)
CSF leak: 14% (84)

Repeat surgery Remission: 61–73% (88, 89)
Recurrence: 9–13% (88, 89)

Hypopituitarism: 50% (88)
Pan-hypopituitarism: 7% (89)

The odds of failure for repeat
TSS is 3.7-fold greater vs
initial TSS (89)

Can be successful when
residual tumor is detectable
on MRI (88)

Conventional radiotherapy Remission: 49–83%
(89, 92, 93, 117)

Probability of remission as a
function of follow-up time:
100% (2 years), 82% (5 years),
72% (7 years), 65% (10 years)
(118)

DI: 3% (93)
Hypopituitarism: 3–21%
(93, 117)

Average (mean or median) time
to normalization usually
6–36 months (92, 93, 94)

Remission usually occurs during
first 2 years after irradiation
(118)

Recurrence: 0–11% (93, 117) Central hypopituitarism: 20% (93)
i) Prevalence increases to 77%
10 years after irradiation (119)

ii) Leads to reduced life expectancy,
mainly caused by cardiovascular
diseases (120)

iii) Increases risk for vascular
mortality by 50% (120)

SRS, GKRS Remission: 43–66%
(94, 121, 122, 123)

Pan-hypopituitarism: 7.5% (94) Remission usually occurs within
the first 2 years following
radiotherapy (123)

Quadrantanopsia: 2% (123)

Adrenalectomy 95–100% (95, 96, 97, 98) Operative mortality: 0–3.6%
(95, 96, 97, 124, 125, 126)

The proportion of patients pre-
senting corticotroph tumor
progression reached 39% and
plateaued at 47% after
7 years (124)

Life-long glucocorticoid and miner-
alocorticoid replacement therapy,
osteoporotic fractures
Nelson’s syndrome (NS):
i) Expanding pituitary tumor;
absence of negative feedback on
corticotroph tumor cells by high
cortisol levels

ii) Progressive cutaneous
hyperpigmentation

iii) Risk of developing NS after BA is
relatively high: 8–46% (117, 127)

iv) Presentation time varies from
0.5 to 24 years postoperatively;
prophylactic RT of the sellar
region after BA may prevent
development

BA, bilateral adrenalectomy; CSF, cerebrospinal fluid; DI, diabetes insipidus; GKRS, gamma knife radiosurgery; NS, Nelson’s syndrome; RT, radiotherapy;
SRS, stereotaxic radiosurgery.
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MANAGEMENT OF ENDOCRINE DISEASE

The burden of Cushing’s disease: clinical and health-related
quality of life aspects
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Abstract

Objective: Cushing’s disease (CD) is a rare endocrine disorder characterized by excess secretion of
ACTH due to a pituitary adenoma. Current treatment options are limited and may pose additional
risks. A literature review was conducted to assess the holistic burden of CD.
Design: Studies published in English were evaluated to address questions regarding the
epidemiology of CD, time to diagnosis, health-related quality of life (HRQoL), treatment outcomes,
mortality, prevalence of comorbidities at diagnosis, and reversibility of comorbidities following the
treatment.
Methods: A two-stage literature search was performed in Medline, EMBASE, and Science Citation
Index, using keywords related to the epidemiology, treatment, and outcomes of CD: i) articles published
from 2000 to 2012 were identified and ii) an additional hand search (all years) was conducted on the
basis of bibliography of identified articles.
Results: At the time of diagnosis, 58–85% of patients have hypertension, 32–41% are obese, 20–47%
have diabetes mellitus, 50–81% have major depression, 31–50% have osteoporosis, and 38–71% have
dyslipidemia. Remission rates following transsphenoidal surgery (TSS) are high when performed by
expert pituitary surgeons (rates of 65–90%), but the potential for relapse remains (rates of 5–36%).
Although some complications can be partially reversed, time to reversal can take years. The HRQoL of
patients with CD also remains severely compromised after remission.
Conclusions: These findings highlight the significant burden associated with CD. As current treatment
options may not fully reverse the burden of chronic hypercortisolism, there is a need for both improved
diagnostic tools to reduce the time to diagnosis and effective therapy, particularly a targetedmedical therapy.

European Journal of Endocrinology 167 311–326

Introduction

Cushing’s disease (CD) is a rare condition caused by a
pituitary adenoma that secretes excess ACTH (1), which
promotes excess cortisol production from the adrenal
glands. Excess cortisol induces a clinical phenotype that
harbors all components of the metabolic syndrome,
such as central obesity, diabetes mellitus, dyslipidemia,
and hypertension, as well as muscle weakness,
hirsutism, increased bruisability, psychological dysfunc-
tion, and osteoporosis (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11).

Patients with CD experience a significant clinical
burden due to comorbidities, increased mortality, and
impaired health-related quality of life (HRQoL) due to
prolonged exposure to elevated cortisol levels (3, 5, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20). In particular,

patients with CD often experience severe fatigue and
weakness, physical changes, emotional instability,
depression, and cognitive impairments, which have a
profound impact on daily life (13, 21).

Although there have been several consensus state-
ments published recently on the definition of remission,
diagnosis, and the management of CD, the severity and
diversityof the clinical scenario and associatedmorbidities
continue to present a management challenge (1, 22, 23).
Additionally, there is recent evidence of persistent
deleterious effects after remission, most notably persistent
elevated cardiovascular risk (3, 22). Themain objective of
the current literature review is to describe the current
burden of the disease and to summarize data on specific
aspects of this burden, which underscores the need for
improved diagnostic and therapeutic approaches.

European Journal of Endocrinology (2012) 167 311–326 ISSN 0804-4643
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cardiovascular risk and managing the risk associated
with cardiovascular disease such as hypertension,
obesity, glucose intolerance, insulin resistance,
dyslipidemia, endothelial dysfunction, and the hyper-
coagulable state should be the important goals of
treatment for CD.

Hypertension Hypertension has been reported in
55–85% of patients with CD, with most cases being
mild to moderate (3, 12, 14, 22, 53). Hypertension
remits in a subset of patients (44–75%, Table 2)
after successful treatment but persists in w24–56%
(12, 14, 22), presumably due to microvessel remodeling
or concomitant underlying essential hypertension (54).
The duration of disease has been shown to be longer in
hypertensive patients (4.8G3.7 years) than in normo-
tensive (0.7G0.2 years) patients (22) and has been

identified as a significant risk factor in several studies
(54, 55). Older age and longer duration of hypertension
before treatment also negatively influenced the normal-
ization of high blood pressure after resolution of
hypercortisolism.

Hypercoagulopathy Patients with CD show various
abnormalities of hemostatic parameters and those with
active CD show an increased thrombotic tendency (56).
Increased cortisol levels stimulate the synthesis of
several clotting factors, such as fibrinogen by the liver
and von Willebrand factor by endothelial cells. Gluco-
corticoids also upregulate the synthesis of plasminogen
activator inhibitor type 1, the main inhibitor of the
fibrinolytic system (49). This hypercoagulability state is
a crucial factor predisposing CD patients to thromboem-
bolic events, mostly after surgery and during inferior

Table 2 Comorbidities, prevalence at diagnosis, and reversibility in patients with CD.

Morbidity Prevalence at diagnosis Reversibility

Hypertension 55–85% (12, 14, 22, 53) 18-Year follow-up: posttreatment 24% (12/49); diag-
nosis 55% (27/49) (14)

After 5 years’ cortisol normalization: CD 40% (6/15);
BMI-matched controls 20% (6/30) (3)

After 1 year’s cortisol normalization, hypertension was
reversed in 44% (12)

Less than 2 years after successful remission, 75% had
normalized BP (55)

IGT 21–64% (12, 14, 22, 53) 18-Year follow-up: posttreatment 4% (2/49); diagnosis
24% (12/49) (14)

After 5 years’ cortisol normalization: CD 27% (4/15);
BMI-matched controls 27% (8/30) (3)

Diabetes mellitus 20–47% (12, 14, 22, 53) 18-Year follow-up: posttreatment 18% (9/49); diag-
nosis 39% (19/49) (14)

After 5 years’ cortisol normalization: CD 33% (5/15);
BMI-matched controls 7% (2/30) (3)

After 1 year’s cortisol normalization, diabetes was
reversed in 40% of patients (12)

Overweight (BMI 25–30 kg/m2) 21–48% (12, 22, 53) After 5 years’ cortisol normalization: CD 33% (5/15);
sex- and age-matched controls 20% (6/30) (3)

Obesity (BMIO30 kg/m2) 32–41% (12, 22, 53) After 5 years’ cortisol normalization: CD 40% (6/15);
0 in controls (3)

After 1 year’s cortisol normalization, 38% were no
longer obese (12)

Dyslipidemia 38–71%a (22, 53) After 5 years’ cortisol normalization, the prevalence
was 27% (3)

Hypercoagulopathy/hemostatic
abnormalities

Hemostatic abnormalities (53.6%) (53) Adequate prophylaxis with anticoagulants can reverse
the prothrombotic state and greatly reduce the risk of
postoperative thromboembolic events (49)

Vascular morbidity (10%) (49)
VTE (incidence 2.5–3.1 per 1000 persons
per year) (57)

Kidney disease Nephrolithiasis: 50% (116) Prevalence in patients achieving remission 27% (116)
Osteoporosis/compression fractures Osteoporosis: 38–50% (6, 71) Only partially reversible 2 years after normalization of

cortisol levels (67)Fracturesb: 15.8% (71)
Major depression/psychopathologyc MDD/MD/MAD: 54–81% (10, 72, 73)

Overall psychopathology: 67% (5)
Atypical depression: 51.5% (5)

Prevalence of MD at 3 months: 54%;
at 6 months: 36%; at 12 months: 24% (5)

About 70% of patients fully recovered from their
depression (75)

Cognitive deficits/loss of brain volume Subjective loss of brain volume: 86% (80) Partially reversible (based on retrospective study in
38 patients only) (80)

BP, blood pressure; IGT, impaired glucose tolerance; MAD, major affective depression; MD, major depression; MDD, major depressive disorder; VTE, venous
thromboembolism.
aLipid profile abnormalities (combined increased cholesterol and triglycerides 25%).
bPituitary Cushing’s.
cPsychopathology includes atypical depression, major depressive disorder, and other psychiatric disorders.
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Persistence of Increased Cardiovascular Risk in Patients
with Cushing’s Disease after Five Years of
Successful Cure

ANNAMARIA COLAO, ROSARIO PIVONELLO, STEFANO SPIEZIA,
ANTONGIULIO FAGGIANO, DIEGO FERONE, MARIAGIOVANNA FILIPPELLA,
PAOLO MARZULLO, GAETANA CERBONE, MARCELLO SICILIANI, AND

GAETANO LOMBARDI

Department of Molecular and Clinical Endocrinology and Oncology, Federico II University (A.C., R.P.,
A.F., D.F., M.F., P.M., G.C., G.L.) and Echo-Guided Surgery Unit, S. Maria del Popolo degli
Incurabili Hospital (S.S., M.S.), Naples, Italy

ABSTRACT
Patients with Cushing’s disease (CD) mainly die because of car-

diovascular accidents. The aim of this study was to evaluate whether
patients with CD still have increased cardiovascular risk and suffer
from premature atherosclerosis once cured.

Fifteen patients cured from CD for a long term period (5 yr), 30 sex-
and age-matched controls, and 30 body mass index (BMI)-matched
controls were included in this study. BMI; waist to hip ratio (WHR);
systolic (SBP) and diastolic (DBP) blood pressures; serum total, low
density lipoprotein (LDL), and high density lipoprotein (HDL) cho-
lesterol; serum triglycerides, fibrinogen, and lipoprotein(a) levels;
prothrombin time; activated partial thromboplastine time; and basal
and glucose load-stimulated insulin and glucose levels were measured
in patients and controls. By echo-Doppler ultrasonography, the in-
tima media thickness (IMT), systolic and diastolic media-media dis-
tances, blood systolic (SPV) and diastolic (DPV) peak velocity, systolic
(SLD) and diastolic (DLD) lumen diameter, and distensibility coef-
ficient (DC) were measured at both common carotid arteries where the
presence, size, and location of atherosclerotic plaques were also
evaluated.

Compared with a sex- and age-matched control population, CD
patients had BMI (P ! 0.001), WHR (P ! 0.001), SBP (P ! 0.005), DBP
(P ! 0.05), fasting glucose (P ! 0.001) and insulin (P ! 0.05), glucose
load-stimulated glucose and insulin levels (P ! 0.05), total cholesterol
(P ! 0.05), LDL cholesterol (P ! 0.01), fibrinogen (P ! 0.01), and
lipoprotein(a) (P ! 0.05) levels higher and HDL cholesterol levels (P !

0.05) lower than controls. At ultrasonography, in the patients, IMT
(P ! 0.05), SPV (P ! 0.05) and DPV (P ! 0.001) were significantly
increased whereas SLD (P ! 0.001), DLD (P ! 0.001), and DC (P !
0.05) were significantly decreased compared to controls. In addition,
CD patients had higher WHR (P ! 0.05), DBP (P ! 0.05), glucose
load-stimulated glucose and insulin levels (P ! 0.05), and fibrinogen
levels (P ! 0.01) and lower HDL cholesterol (P ! 0.05) levels than
BMI-matched controls. At ultrasonography, increased common ca-
rotid arteries IMT (P ! 0.05) and DPV (P ! 0.05) and decreased DLD
(P ! 0.05) and DC (P ! 0.05) were measured in patients compared to
those in BMI-matched controls. Atherosclerotic plaques were found in
26.7% of patients, in none of the sex- and age-matched controls, and
in 3.3% of the BMI-matched controls. In CD patients, a significant
correlation was found between both WHR and fasting serum insulin
levels and DBP (r " 0.52 and r " 0.55; P ! 0.05), triglycerides levels
(r " 0.56 and r " 0.77; P ! 0.05), and IMT (r " 0.64 and r " 0.56; P !
0.05). Right (r " #0.70; P ! 0.005) and left (r " #0.65; P ! 0.01) DC
were inversely correlated to the duration of CD in the patient group.
At the multiple regression analysis, WHR was the best predictor of
fasting insulin levels (! " 0.77; P ! 0.05), and vice versa, fasting
insulin level was the best predictor of WHR (! " 1.20; P ! 0.05).

In conclusion, patients cured from CD for a long term period have
a high prevalence of atherosclerosis and maintain increased several
cardiovascular risk factors of the active disease, probably due to a
residual abdominal obesity and/or insulin resistance syndrome.
(J Clin Endocrinol Metab 84: 2664–2672, 1999)

CUSHING’S disease (CD) is the most frequent cause of
endogenous hypercortisolism in humans, account-

ing for about 70% of cases (1). It results from hypersecre-
tion of ACTH by an adenoma or hyperplasia of pituitary
corticotroph cells (2, 3). The chronic hypersecretion of
cortisol causes central obesity, systemic arterial hyperten-
sion, impairment of glucose tolerance, hyperlipidemia,
and hypercoagulability; altogether, these abnormalities
determine an increased cardiovascular risk during the ac-
tive phase of the disease (4). In patients with untreated or
nonremitted CD, the cardiovascular complications, in-

cluding coronary artery disease, congestive heart failure,
and cardiac stroke, cause a mortality rate 4 times higher
than that expected in the normal population (5, 6). How-
ever, in patients successfully cured of CD, the conse-
quences of a previous hypercortisolism on clinical mani-
festations, glucose and lipid metabolism, and the vascular
system have not been evaluated. In particular, it has been
poorly investigated whether the normalization of cortisol
levels reverses the totality of clinical, metabolic, and vas-
cular abnormalities occurring during the active phase of
the disease, and whether patients cured of CD inherit
partially or totally the increased cardiovascular risk char-
acterizing the active phase of the disease.

The current study was designed to investigate the cardio-
vascular risk and vascular consequences in patients success-
fully cured of CD who had achieved a long term period of
serum cortisol level normalization.
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0.05) in patients than in sex- and age-matched controls,
whereas triglycerides levels were similar in the three groups.
Hypercholesterolemia was found in four patients (26.7%), in
none of the sex- and age-matched controls (!2 ! 5.8; P " 0.05),
and in seven (23.3%) BMI-matched controls (!2 ! 0.02; P !
NS). HDL cholesterol levels lower than normal were found
in four patients (26.7%), in none of the sex- and age-matched
controls (!2 ! 5.8; P " 0.05), and in five (16.7%) BMI-matched
controls (!2 ! 0.16; P ! NS). Hypertriglyceridemia and se-
rum LDL cholesterol levels higher than normal were found
in one patient (6.7%), in none of the sex- and age-matched
controls (!2 ! 0.13; P ! NS), and in three (10%) BMI-matched
controls (!2 ! 0.04; P ! NS). A total/HDL cholesterol ratio
below 5 was found in four patients (26.7%) and none of the
controls (!2 ! 5.8; P " 0.05). Plasma fibrinogen (P " 0.01)
were higher in patients than in either control group, whereas
Lpa levels (P " 0.05) were higher in patients than in sex- and
age-matched controls. PT and aPTT indexes were similar in
the three groups. Fasting plasma insulin levels were higher
in patients than in sex- and age-matched controls (P " 0.05),
and the insulin response to a glucose load was greater in
patients than in either control group (Fig. 1). Plasma ACTH
and serum and urinary cortisol were similar in the three
groups.

Blood glucose, serum triglycerides, cholesterol, and fibrin-
ogen levels were similar in patients who had hypocortisolism
immediately after neurosurgery and in those who did not.

Vascular study (Table 4)

Common carotid arteries IMT (P " 0.05) and DPV (P "
0.001 and P " 0.05, respectively) were significantly higher,
and DLD (P " 0.001 and P " 0.05, respectively) and DC (P "
0.05) were significantly lower in patients than in sex- and
age-matched and BMI-matched control groups; SPV (P "
0.05) were significantly higher and SLD (P " 0.001) were
significantly lower in patients than in sex- and age-matched
control group; whereas MMS and MMD were similar in the
three groups. Well defined carotid wall plaques were de-

FIG. 1. Blood glucose and serum insulin responses to oral glucose
tolerance test in patients cured of Cushing’s disease (f), sex- and
age-matched controls (F), and BMI-matched controls (!). *, P " 0.05
compared to sex- and age-matched controls; F, P " 0.05 compared to
BMI-matched controls.

TABLE 3. Clinical, biochemical, and hormonal features of the three groups of subjects included in the study

Parameters Patients
(n ! 15)

Sex- and age-matched
controls
(n ! 30)

P
BMI-matched

controls
(n ! 30)

P

Body mass index (kg/m2) 28.5 # 1.2 23.5 # 0.5 "0.001 28.2 # 1.0 NS
Waist/hip ratio 0.88 # 0.02 0.76 # 0.02 "0.001 0.81 # 0.02 "0.05
Heart rate (beats/min) 75 # 2.8 71.2 # 2.0 NS 70.0 # 3.0 NS
Systolic blood pressure (mm Hg) 136.0 # 4.6 117.7 # 2.9 "0.005 127.5 # 4.0 NS
Diastolic blood pressure (mm Hg) 91.3 # 3.6 80.7 # 2.9 "0.05 82.2 # 2.6 "0.05
Fasting blood glucose levels (mg/dL) 104.9 # 7.0 84.5 # 1.8 "0.001 94.7 # 3.0 NS
Serum triglycerides levels (mg/dL) 130.8 # 17.8 107.6 # 12.7 NS 120.5 # 13.6 NS
Total blood cholesterol levels (mg/dL) 213.2 # 10.8 175.5 # 9.4 "0.05 189.5 # 8.9 NS
LDL cholesterol levels (mg/dL) 139.1 # 9.5 98.9 # 9.0 "0.01 120.5 # 8.0 NS
HDL cholesterol levels (mg/dL) 48.0 # 2.0 61.8 # 4.2 "0.05 54.5 # 2.0 "0.05
Total/HDL cholesterol ratio 4.5 # 0.2 3.0 # 0.2 "0.001 3.5 # 0.2 "0.05
Prothrombine time (%) 102.4 # 2.1 105.0 # 3.4 NS 103.5 # 2.0 NS
Activated partial thromboplastine time (s) 28.7 # 0.7 27.2 # 1.2 NS 27.9 # 1.0 NS
Plasma fibrinogen levels (mg/dL) 350.8 # 32.7 262.0 # 14.6 "0.01 280.4 # 18.4 "0.05
Serum lipoprotein-a levels (mg/dL) 153.3 # 5.0 119.0 # 10.2 "0.05 147.5 # 3.7 NS
Plasma ACTH levels (ng/L) 35.9 # 6.1 42.3 # 5.6 NS 33.4 # 5.0 NS
Serum cortisol levels ("g/L) 144.8 # 11.5 135 # 10.9 NS 156.5 # 10.4 NS
Urinary cortisol levels ("g/24 h) 99.1 # 8.5 85.5 # 7.9 NS 120.4 # 9.5 NS
Fasting serum insulin levels (micro-U/mL) 25.1 # 5.8 10.5 # 3.1 "0.05 18.7 # 4.2 NS
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