Cushing’s Syndrome: Aftermath of the Cure

ABSTRACT

Cushing’s syndrome (CS) is a chronic and systemic disease caused by endogenous or
exogenous hypercortisolism, associated with an increase of mortality rate due to the clini-
cal consequences of glucocorticoid excess, especially cardiovascular diseases. After cure,
usually obtained by the surgical removal of the tumor responsible for the disease, the nor-
malization of cortisol secretion is not constantly followed by the recovery of the clinical
complications developed during the active disease, and it is often followed by the develop-
ment of novel clinical manifestations induced by the fall of cortisol levels. These evidences
were mostly documented in patients with pituitary-dependent CS, after surgical resection of
the pituitary tumor. Indeed, despite an improvement of the mortality rate, metabolic syn-
drome and the consequent cardiovascular risk have been found to partially persist after dis-
ease remission, strictly correlated to the insulin resistance. Skeletal diseases, mainly osteo-
porosis, improve after normalization of cortisol levels but require a long period of time or
the use of specific treatment, mainly bisphosphonates, to reach the normalization of bone
mass. A relevant improvement or resolution of mental disturbances has been described in
patients cured from CS, although in several cases, cognitive decline persisted and psycho-
logical or psychiatric improvement was erratic, delayed, or incomplete. On the other hand,
development or exacerbation of autoimmune disorders, mainly thyroid autoimmune dis-
eases, was documented in predisposed patients with CS after disease remission. The total-
ity of these complications persisting or occurring after successful treatment contribute to
the impairment of quality of life registered in patients with CS after disease cure. (Arq Bras
Endocrinol Metab 2007;51/8:1381-1391)
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RESUMO

Sindrome de Cushing: Resultado da Cura.

A sindrome de Cushing (SC) é uma desordem sistémica cronica causada por hipercorti-
solismo enddégeno ou exdgeno, associada a um aumento da taxa de mortalidade devido
as conseqliéncias clinicas do excesso de glicocorticdides, especialmente a doenga car-
diovascular. Apos a cura, usualmente obtida pela remocéo cirdrgica do tumor respon-
savel pela desordem, a normalizacdo da secregdo de cortisol ndo é sistematicamente
seguida da recuperacao das complicacoes clinicas desenvolvidas durante a fase ativa da
doenca, e é freqlientemente seguida pelo surgimento de novas manifestacoes clinicas
induzidas pela queda dos niveis de cortisol. Estas evidéncias foram, na sua maioria, doc-
umentadas em pacientes com SC de origem hipofisaria, apds a ressecgdo cirurgica do
tumor na hipoéfise. Na verdade, a despeito de uma melhoria na taxa de mortalidade, a sin-
drome metabdlica e seu conseqiiente risco cardiovascular tém se mostrado parcialmente
persistentes apds a remissao da doencga, em estrita relagdo com a resisténcia a insulina.
Anormalidades esqueléticas, especialmente a osteoporose, melhoram apos a normaliza-
cao dos niveis de cortisol, mas requerem um longo tempo ou o uso de tratamento especi-
fico, principalmente bisfosfonatos, para se obter a normalizagdo da massa 6ssea. Uma
melhora significativa ou mesmo resolucao dos disturbios mentais tém sido descritos em
pacientes curados da SC, embora em varios casos o declinio cognitivo persista e a mel-
hora psicolégica ou psiquiatrica tenham sido erraticas, demoradas ou incompletas. Por
outro lado, o desenvolvimento ou exacerbagao de processos autoimunes, em especial as
doencas autoimunes da tirdide, foram documentadas em pacientes predispostos com SC,
apos a remissdo da doenga. A totalidade dessas complicagoes, persistentes ou ocorren-
do apds o tratamento bem sucedido, contribuem para um prejuizo da qualidade de vida
registrado em pacientes com SC apos a cura da doenga. (Arq Bras Endocrinol Metab
2007;51/8:1381-1391)
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CUSHING’S SYNDROME (CS) is a chronic and sys-
temic disease caused by endogenous or exoge-
nous hypercortisolism. The endogenous hypercorti-
solism may be the consequence of an ACTH-secreting
or corticotroph pituitary tumor [Cushing’s disease
(CD); 80-85% of cases] or ACTH-secreting extra-
pituitary tumor (ectopic CS; 5-10% of cases) or may
depend on an adrenal disease (unilateral benign or
malignant adrenal tumors, bilateral adrenal hyperplasia
or dysplasia; 10-20% of cases) associated with an
ACTH-independent cortisol overproduction (1-4).

CS is associated to a four-fold increase of mor-
tality rate compared to normal population due to the
clinical complications of hypercortisolism, especially
cardiovascular diseases (5-7). The most important and
frequent systemic complication of CS is represented by
the metabolic syndrome, namely the combination of
visceral obesity, systemic arterial hypertension, glucose
intolerance, and dyslipidemia, which together with
thrombosis diathesis, and the presence of increased
homocysteine and decreased taurine levels, induced an
increased cardiovascular risk (8-10). Glucocorticoid
excess exerts multiple and complex effects on the
skeletal system, including osteopenia or osteoporosis,
often associated with pathological fractures (11,12),
osteoarthrosis (13), and osteonecrosis (14). Nephro-
lithiasis, together with an impairment of renal func-
tion, is also quite common, although it is usually not
associated to a clinical syndrome (15,16). Mental dis-
turbances complicate great part of patients with CS
and include a range of psychological or psychiatric ma-
nifestations ranging from anxiety to psychosis, such as
major depression, and intellective impairment involv-
ing cognition and memory, often associated with cere-
bral atrophy (17-20). Hypercortisolism may also inter-
fere with the function of different endocrine axis and
glands, mainly thyroid and gonads. Indeed, central
hypothyroidism together with primary thyroid disor-
ders (21), central hypogonadism together with poly-
cystic ovarian syndrome and menstrual disturbances in
women, or sexual dysfunction in men, and consequent
damage of fertility (22,23), and an impairment of GH
secretion (24) are frequently observed in patients with
CS. The totality of these complications induces a sig-
nificant impairment on the quality of life of patients
with CS (25).

The severity of the clinical complications of CS
suggests the necessity of a prompt cure of the disease,
or at least a rapid remission of hypocortisolism, in
order to limit the long-term morbidity and mortality
associated with glucocorticoid excess. The treatment
of CS is strongly dependent on the etiological form of
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the syndrome. Surgery is the first-line treatment for all
types of CS. However, it is usually effective in curing
adrenal-dependent CS, but it often fails to induce dis-
case remission in the ACTH-dependent CS, which also
displays difficulties in the diagnostic procedures and
the causative tumor localization (1-4). In particular,
the treatment of CD generally requires different
approaches including pituitary and adrenal surgery,
pituitary-targeted and adrenal-targeted pharmacother-
apy, and radiotherapy (1-4). The difficulties in the
diagnosis and treatment, and the consequent long-last-
ing exposure of patients with CD to glucocorticoid
excess do not ensure the complete recovery of the cli-
nical complications associated with the disease, so that
a specific clinical syndrome seem to persist in patients
cured from CD. On the other hand, the normalization
of hypercortisolism or the onset of hypocortisolism
after disease cure might induce the occurrence of novel
clinical manifestations, which participate in defining
the clinical syndrome of patients cured from CD. It is
important to outline that the ectopic CS, usually sus-
tained by a neuroendocrine tumor, with a variable
degree of differentiation and aggressiveness, and a
malignant behavior in a certain percentage, is a rare
condition, with complicated diagnosis and treatments,
and poor prognosis. Therefore, no studies have defi-
nitely evaluated the clinical picture after disease cure.
The same concerns regard the adrenal-dependent CS
associated with adrenocortical malignant tumors.

The current review summarizes the present evi-
dences regarding the consequences of the cure of CS,
and emphasizing either the persisting clinical complica-
tions of the disease or the occurring clinical manifesta-
tions induced by the disease cure. The majority of the
studies on this topic focused on CD, due to its relative
higher prevalence, and the greater complexity in its
management, and refers to the remission or cure
induced by surgery. Focusing on CD, this review will
also outline comparing data on the different forms of
CS or response to different treatments, where available.

CONCEPT OF CURE AND REMISSION OF
CUSHING’'S SYNDROME

The cure of CS requires the removal of its causative
lesion, and the consequent recovery from hypercorti-
solism. However, the treatment of CS does not always
reach these objectives. In particular, in CD, the surgi-
cal removal of pituitary tumor can be followed by per-
sistence or recurrence of hypercortisolism in 40-50%
of cases (26). On the other hand, the use of pharma-
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cotherapy often normalizes cortisol secretion, without
affecting the pituitary tumor. Therefore, the cure of
CS can be confirmed only after a decade from the
removal of the pituitary tumor, when cortisol secretion
remains normal and the disease recurrence can be
excluded. On this basis, the term remission is better
used to define the recovery from hypercortisolism after
treatment, mainly surgery. Theoretically, the remission
of hypercortisolism consists in the normalization of
urinary cortisol levels with restoration of the physio-
logical serum cortisol circadian rhythm. However, the
surgical removal of the pituitary tumor rarely leads to
this physiological condition, being able to induce a
mild hypocortisolism or maintain a mild hypercorti-
solism (27). Therefore, different criteria to define the
remission of hypercortisolism have been proposed,
ranging from the occurrence of definitive or transient
post-operative hypocortisolism to the persistence of
hypercortisolism becoming suppressible after dexam-
cthasone administration (28-33). Since the confirma-
tion of disease cure can be obtained only a decade after
surgery, in the last years several studies tried to identi-
fy an early index of disease cure. Particularly, unde-
tectable (< 1.8 mg/dL) morning serum cortisol, with-
in 2 weeks after surgery, has been reported as the best
predictor of long-term disease cure (31). However,
discordant data have been reported afterwards in dif-
ferent studies, demonstrating that the post-operative
undetectable morning serum cortisol was not predic-
tive of long-term disease cure (32) or even proposing
the detection of morning serum cortisol levels lower
than 5.0 mg/dL after three months from surgery as
better predictor of long-term cure, with a positive and
negative predictive values of 87% and 90%, respective-
ly (33). As an alternative to the measurement of morn-
ing serum cortisol levels, the early responsiveness of
cortisol to corticotrophin-releasing hormone (CRH)
or desmopressin-stimulating test has also been pro-
posed as predictor of disease recurrence (34,35), but
these tests are not routinely and widely used in the
post-operative assessment of CD.

THE CLINICAL PICTURE OF CUSHING'S
SYNDROME AFTERMATH OF THE CURE

The remission or cure of CS is characterized by recov-
ery from hypercortisolism, corresponding to a normal-
ization of cortisol secretion, or the occurrence of
hypocortisolism, requiring specific replacement treat-
ment. The evaluation of the consequences of CS
remission needs to consider the appropriateness of
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replacement treatment of patients with permanent
hypocortisolism, being the over-replacement or the
under-replacement able to influence the clinical pic-
ture of patients with CS after disease remission. The
recovery of hypercortisolism is usually accompanied by
a significant improvement of the clinical picture,
although a number of clinical complications, arisen
during the active disease, totally or partially persist,
and a number of clinical complications, not arisen dur-
ing the active disease, may develop after disease cure.

Mortality

The mortality rate of patients with CS, mainly CD,
before and after remission has been evaluated in three
main studies (5-7). The first study considered a Span-
ish population with a diagnosis of CD between 1975
and 1992, among which disease remission was
obtained in around 80% of cases during these years: a
four-fold higher mortality was demonstrated, mainly
due to cardiovascular diseases, and associated with age,
persistence of hypertension and impaired glucose tol-
erance (5). A second study considered a Finnish pop-
ulation treated for CS between 1981 and 1994,
demonstrating not an increased mortality rate, but an
increased morbidity rate compared to normal popula-
tion (6). A recent study considered a Danish popula-
tion of 166 patients with different forms of CS: the
mortality rate of non-malignant forms of CS was 3.7
times higher than normal population, especially in
patients diagnosed as CD but with unproven etiology,
where it was around 11.5 higher than normal popula-
tion. It is noteworthy that the mortality rate was only
1.7 times higher in CD patients with a clear-cut pitu-
itary tumor, whereas it was surprisingly around 4 times
higher in patients with an adrenal adenoma. The prog-
nosis of patients with malignant disease was very poor,
as almost the totality of patients died during the study.
The highest mortality of patients with CS occurred
during the first year after diagnosis, and the main cause
is also represented by cardiovascular disease. It is
important to outline that patients with CD cured by
successful surgery did not have an increased mortality
rate whereas those who had a recurrence of CD after
unsuccessful surgery had a 5-time higher mortality rate
than normal population (7). In summary, the results
of these studies confirmed that patients with CS are
affected by an increased mortality rate, whereas con-
troversial data are available on patients cured from CS,
which, however, clearly maintain a higher morbidity
rate, mainly due to the increased prevalence of meta-
bolic syndrome and cardiovascular diseases, which rep-
resents the main cause of death of patients with CS.
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Metabolic syndrome

The metabolic syndrome is a recognized clinical enti-
ty, characterized by the combination of visceral obesi-
ty, systemic arterial hypertension, impairment of glu-
cose tolerance and/or dyslipidemia. A clinical condi-
tion resembling the metabolic syndrome is a common
feature of CS (1,8). This systemic complication of CS
usually improves but not completely recovers after dis-
case remission. Systemic arterial hypertension, which
affects the majority of adults and half the children with
CS (36), has been documented to persist in more than
25% of adult patients (37), whereas it almost always
recovered in children with CS one year after successful
surgical treatment (38). The most important risk fac-
tors for the persistence of hypertension after remission
of CS included the severity and duration of hyperten-
sion before surgical treatment (39). These evidences
suggest that, beyond the prompt diagnosis and treat-
ment of CS, the rapid and careful control of blood
pressure with antihypertensive drugs is mandatory dur-
ing the active phase of the disease. During the last
years, two important studies have evaluated the effect
of normalization of cortisol secretion on the clinical
manifestations related to the metabolic syndrome in
patients with CD (9,40). In a longitudinal study per-
formed in 25 patients with CD before and one year
after successful treatment, obesity, mainly character-
ized by a visceral or abdominal obesity due to an
increased waist to hip ratio, persisted in 62,5%, hyper-
tension in 55,6%, glucose intolerance in 60%, hyperc-
holesterolemia and hypertriglyceridemia in 77% and
60%, respectively, of cases with the respective clinical
complications before treatment, suggesting the persis-
tence of a metabolic syndrome in a great part of
patients who had remission of CD (9). These patients
were demonstrated to display a metabolic condition
significantly different to that of normal population but
close to that of a population with similar body mass
index, suggesting that the persisting visceral obesity
plays a pivotal role in the maintenance of the metabol-
ic syndrome. Similarly, in a transversal study per-
formed in 15 patients with a stable cure from CD for
at least 5 years, visceral obesity was documented in
73%, hypertension in 40%, impairment of glucose tol-
erance or diabetes mellitus in 60%, and dyslipidemia in
30% of patients, displaying an increased higher inci-
dence of metabolic syndrome compared with either
normal population or population with similar body
mass index (40). It is noteworthy that a state of insulin
resistance with hyperinsulinemia was found in the
cohort of patients cured from CD. In particular, fast-
ing insulin levels were the best predictor of waist to hip
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Figure 1. Prevalence of clinical manifestations of the meta-
bolic syndrome in patients who have active Cushing’s dis-
ease (white bars), patients in short-term remission (gray
bars), and patients in long-term remission (black bars) from
Cushing’s disease. DM, diabetes mellitus; IGT, impaired glu-
cose tolerance.

ratio and vice versa, and both parameters were signifi-
cantly correlated with most of the clinical manifesta-
tions of the metabolic syndrome, confirming the doc-
umented role of visceral obesity and insulin resistance
in the development of metabolic syndrome also in
patients cured from CD (40). Figure 1 shows the
prevalence of different clinical manifestations of meta-
bolic syndrome in patients with active CD and in
patients short-term and long-term cured from CD (8).
These data indicate that either short- or long-term
normalization of cortisol secretion are characterized by
a persistence of a metabolic syndrome similar to that
observed in active CD. Visceral obesity and insulin
resistance represent the pathogenic mechanism of
metabolic syndrome in patients who have active CS
and those who have a history of CS (8). The strict rela-
tionship between glucocorticoids and metabolic syn-
drome has also been documented by the evidence of
increased circulating cortisol levels in people with
hypertension and glucose intolerance, and amplifica-
tion of intracellular cortisol levels in the adipose tissue
of people with obesity due to increased local regener-
ation of cortisol by the enzyme 11 beta-hydroxys-
teroid-dehydrogenase type 1 (11b-HSDI1) (41), so
that inhibitors of this enzyme have been proposed as
treatment of the classical metabolic syndrome, not
dependent on CS (42).

Cardiovascular diseases

Chronic exposure to glucocorticoid excess is associat-
ed with an increased morbidity and mortality for car-
diovascular diseases, mainly heart stroke and heart fail-
ure, or cerebrovascular disease (1,8). The increased
cardiovascular risk is mainly due to hypertension as
well as coagulopathy, with the consequent thrombosis
diathesis of CS (43). However, an important risk fac-
tor for cardiovascular diseases is also represented by
the metabolic syndrome (1,8). Since hypertension and
metabolic syndrome often persist after disease cure,
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the cardiovascular risk also presumably accompanies a
great percentage of patients with CS for a long time
after disease cure. The most evident expression of car-
diovascular risk in patients with CS is the increased
arterial stiffness and premature arterial atherosclerosis
documented in patients with CS (1,8). This vascular
feature often persists after disease remission. Indeed,
common carotid arteries, wall thickness and stiffness
remained increased in patients with CD one year after
successful treatment compared with normal popula-
tion, although it improved compared with the active
phase of the disease (9). Morecover, well-defined
carotid wall plaques were detected in 32% of patients
with active or cured disease (9). This atherogenic pat-
tern is also documented in patients with CD after at
least 5 years from the discase remission (40). Well-
defined carotid wall plaques were detected in approxi-
mately 30% of patients with long-term disease remis-
sion (40). In this later study, the significant correlation
between common carotid wall thickness and stiffness
and degree of visceral obesity, as well as circulating
insulin levels, confirmed the role of metabolic syn-
drome in the development of atherosclerosis of
patients CD after discase cure. Figure 2 shows an
example of an arterial wall plaque detected at the ori-
gin of the internal carotid artery at echo-Doppler
ultrasonography, as expression of premature athero-
sclerosis in a patient long-term cured from CD (40). It
is noteworthy that the atherogenic consequences of
the metabolic syndrome seem to be worse in patients
after long-term remission (40) than in patients after

Figure 2. Echo-Doppler ultrasonography showing an exam-
ple of a plaque detected at the origin of the internal
caroftid artery (tfop) and the correspondent flussimetric dia-
gram (botfom) in a patient with Cushing’s disease after
long-term remission. The shaded line indicates the vessel
lumen of the internal carotid artery: the line passes through
the atherosclerotic plaque.
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short-term remission from hypercortisolism (9). This
finding may be related to a more prolonged although
not marked presence in the former than in the latter
group of patients of visceral obesity or insulin resis-
tance with associated metabolic syndrome, which rep-
resent a low but continuous stimulus for atherogene-
sis (40). In addition, an immune system rebound fol-
lowing the shift from chronic hypercortisolism to nor-
mal cortisol secretion or hypocortisolism may play a
role in atherogenesis. Indeed, the removal of cortisol-
induced suppression of the immune system has been
suggested as an explanation of the increased preva-
lence of autoimmune diseases in patients cured from
CS, allowing to hypothesize that the aggravation of
atherosclerosis over time in subjects cured from CS
may be partially sustained by inflammatory or immune
processes damaging the vasculature, emphasized by
the immune re-activation after disease remission (8).
Conversely, since no abnormality of homocysteine and
taurine metabolism seems to persist after remission of
hypercortisolism, hyperhomocysteinemia and hypo-
taurinemia seem to not contribute to the persistent
and progressively worsening cardiovascular risk of pa-
tients cured from the disease (10). The severity and
the duration of hypercortisolism also influence the se-
verity of atherosclerosis and cardiovascular risk in pa-
tients with cured CS (40). It has to be mentioned that
in consideration to the role of coagulopathy in the
development of thromboembolic events occurring in
patients with CS, an anticoagulant prophylactic thera-
py during the active phase of the disease has been
demonstrated to prevent postoperative thromboem-
bolic morbidity and mortality in patients with CS (44-
46). Anyway, the totality of these evidences permits to
conclude that despite cardiovascular mortality seeming
to not be increased, cardiovascular morbidity definite-
ly persists in patients cured from CS.

Skeletal diseases

Skeletal diseases represent an important complication
of CS, and mainly include osteoporosis, osteoarthrosis,
and osteonecrosis (1,11-14). Osteoporosis frequently
complicates all types of CS, being higher in patients
with ectopic CS, probably due to the severely
increased circulating cortisol levels, compared to pitu-
itary-dependent and adrenal-dependent CS (11,12).
Controversial data reported a higher prevalence of
osteoporosis in adrenal-dependent or pituitary-depen-
dent CS (12,47,48). Bone loss is due to either direct
effects of glucocorticoids on osteoblasts, osteocytes,
and osteoclasts, or indirect effects of glucocorticoids
on calcium, phosphorus, and vitamin D metabolism,
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as well as parathyroid function, and affects both bone
formation and resorption, involving both bone matrix
formation and bone mineralization (49). Bone defi-
ciency is more severe in vertebral spine than in femoral
neck, and the vertebrae are frequently affected by frac-
tures and collapses (11,12). There is a wide agreement
on the progressive recovery of bone deficiency after
disease remission, although discrepancies were report-
ed regarding the time necessary to a complete recov-
ery of bone loss (50-53), as well as on the necessity of
a specific treatment to favor the normalization of bone
mass (54,55). Indeed, one-year treatment with bis-
phosphonates has demonstrated to improve bone mass
either in patients with active disease or in patients with
cured disease, where the beneficial effect was higher
than that spontaneously obtained in untreated patients
(55). It is noteworthy that osteoporosis and their
direct consequences, such as vertebral fractures and
collapse, are responsible for multiple spine abnormali-
ties and deformities, which may occur in patients with
CS and persist after disease cure, presumably for the
entire life (13). Figure 3 shows the radiographic
images of the spine in two different patients with CD,
one with active disease and the other with cured dis-
ease, where the spine condition of the latter seems to
be worse than that of the former. The knowledge of
osteoarthrosis in CS is presently based on case reports,
which do not describe the effect CS cure on bone dis-
ease (56,57). Osteonecrosis is well described in pa-

Figure 3. Radiographic images of the spine of a 27-year-old
female patient with active Cushing’s disease (leff) and of a
29-year-old male patient cured from Cushing’s disease for
three years (righf). The first image shows a spine with severe
osteoporosis, and collapsed vertebral bodies (Th 10, Th11,
Th12, L1, L2). The second image shows a spine with diffuse
and marked osteoporosis together with collapse of different
vertebral bodies (Th8, Th9, Th11, Th12, indicated by the
arrows). The spine picture of the cured patient seems to be
worse than that of the active patient.
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tients with exogenous CS, but rarely in patients with
endogenous CS, where sporadic cases of avascular
necrosis of femoral head have been reported
(14,58,59). No study has focused on the effect of CS
cure on this bone disease. Figure 4 shows a case of
avascular necrosis at the level of the femoral head
detected at magnetic resonance imaging in a patient
cured from CD for a long period of time, which
required the replacement of the femoral head.

Renal diseases

The involvement of renal structure and function in
the clinical picture of CS is represented by the occur-
rence of nephrolithiasis and the impairment of renal
clearance (15,16). Silent microlithiasis were the most
common clinical expression of nephrolithiasis in
patients with active disease, associated with hypercal-
ciuria, hyperuricosuria, increased urinary levels of
oxalate and decreased urinary levels of citrate. The
disease remission was accompanied by a significant
improvement of renal stone disease, since normal
excretion of calcium, urate, oxalate, and citrate was
documented, and only a residual clinically silent
microlithiasis was found in a small percentage of
patients after successful treatment (15). Regarding
the renal clearance, although no study has definitely
evaluated the glomerular and tubular function in CS
patients, increased excretion rate of some amino
acids, together with increased urinary excretion of
cystine, has been documented in patients with active
CD, but not in patients cured from CD (16). The
different aspects of renal structure and function in
patients with active and cured CS need to be further
investigated to draw definitive conclusions regarding
the influence of glucocorticoid excess and its resolu-
tion on renal activity.

Figure 4. Magnetic resonance imaging (T2-weighted
images) of the hips of a patient with Cushing’s disease after
long-term remission, showing a clear picture of avascular
necrosis of the left femoral head, as testified by the hyper-
intensity of the femoral head, due to oedema, and erosion
of the articular surface.
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Mental disturbances

CS is associated with mental disturbances, mainly cha-
racterized by an intellective deficiency and a psycho-
logical impairment, which have a variable clinical ex-
pression, ranging from anxiety to major depression
(17-19). These mental disturbances are accompanied
by structural modification of the brain, namely atrophy
of specific cerebral areas (20,60-64). A multifactorial
pathogenesis of the cerebral atrophy has been hypoth-
esized including glucocorticoid-induced cell death,
interference with the process of neuronal metabolism
and transmission, and reduction of cerebral water con-
tent (20,60-62). The normalization of cortisol secre-
tion following disease remission has been demonstrat-
ed to reverse, at least partially, cerebral atrophy
(20,63,64), suggesting that neuronal death is not the
only and probably not the main mechanism by which
glucocorticoids induce loss of brain volume. In line
with these evidences, depression and cognitive decline
in CS typically resolve with treatment of hypercorti-
solemia in direct relationship to the reduction in cir-
culating cortisol levels, either obtained by surgery or
medical treatment (65-67). A response rate of mental
disturbances of around 75% has been described in
patients cured from CS, although in several cases psy-
chological or psychiatric improvement was erratic,
delayed, or incomplete. The strict relationship bet-
ween glucocorticoid excess and depression has sugges-
ted the use of antiglucocorticoid drugs as possible tre-
atment of this psychiatric disease (68). Despite these
evidences, some experiences demonstrated a persistent
cognitive impairment following surgical treatment in
patients with CS (69). In particular, in a population of
children with CS, a cognitive decline has been demon-
strated after one year from the resolution of the disease
(70), demonstrating that some permanent damage of
the intellective function may occur in patients with CS.
It is possible to hypothesize, however, that in suscep-
tible patients psychiatric disturbances, mainly depres-
sion, occurred during the active disease, may persist or
even worsen after disease cure, in dependence on the
life and disease experience of the patient, possibly sup-
ported by the loss of euphoric state induced by gluco-
corticoid excess.

Autoimmune diseases

Glucocorticoid excess is known to exert an inhibitory
action on immune function in humans (71). In fact,
patients with CS have an involution of lymphoid tissue
mass and lymphopenia and present with an increased
susceptibility to infections (72). An opposite phenom-
enon has been described in patients cured from CS.
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Indeed, development or exacerbation of autoimmune
diseases were reported to occur in patients who nor-
malized cortisol secretion after remission of CS. Par-
ticularly, exacerbation of coeliac disease (73) and
rheumatoid arthritis (74), and development of sar-
coidosis (75) and lupus erythematosus (76) were
reported in patients with different forms of CS after
correction of hypercortisolism. The most frequently
autoimmune diseases reported after remission of CS
are thyroid immune diseases, mainly including autoim-
mune thyroiditis (77,78) and Graves’s disease (79).
The prevalence of thyroid autoimmunity has been
evaluated in 20 patients successfully treated from CD,
demonstrating that thyroid autoantibodies were found
in 20% of patients with active discase and 60% of
patients with cured disease, whereas an autoimmune
thyroiditis was diagnosed in none of the patients with
active disease and in 35% of patients with cured disease
(80). These findings demonstrated that thyroid
autoimmunity is more frequent in patients with CD
who normalize cortisol secretion compared to both
with patients with active disease and normal popula-
tion. Figure 5 shows the prevalence of thyroid autoim-
mune disease in patients with CD during active phase
of the disease and after one year of disease cure. It is
noteworthy that the development of autoimmune thy-
roiditis in patients cured from CD is associated with
the presence of thyroid nodular goiter or positive thy-
roid autoantibodies during the active phase of the dis-
case, suggesting that pre-existent thyroid abnormali-
ties, and probably genetic imprinting, are predisposing
factors for the future development of autoimmune
thyroid diseases after CD cure (80). Anyway, the
development or exacerbation of autoimmune disease
in patients with CS after normalization of cortisol
secretion has been hypothesized to be related to a

&0
&0
40
20
] -
Positive thyroid Autoimmune
autoantibodies thyroiditis

Figure 5. Prevalence of the thyroid aufoimmune diseases in
patients with active disease (whife bars) and one year affer
disease remission (black bars).
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rebound in immune activity after its prolonged sup-
pression by glucocorticoid excess during the active
phase of the disease, suggesting that immune function
needs to be accurately monitored in patients with CS
after disease remission.

Endocrine diseases

A secondary hypothyroidism and hypogonadism is
commonly found in patients with CS, due to the
functional suppression of thyrotropin and gonado-
trophin secretion by glucocorticoid excess (1-4).
Theoretically, the normalization of cortisol secretion
is concomitant to a complete recovery of these
endocrine abnormalities, unless a structural damage
of the residual pituitary gland occurs after surgical
removal of the pituitary tumor, and induces hormone
deficiencies in patients with CD (28). The usual
recovery of a normal menstrual cycle in women and
normal sexual activity in men testifies the reinstate-
ment of normal gonadotropin secretion, suggesting
that the rare persistence of these pituitary hormone
deficiencies is a direct complication of pituitary
surgery, as also supported by the evidence that it
occurs almost exclusively in patients with CD. It is
important to outline that hypopituitarism occurs in a
variable percentage of patients with CD after surgery,
in dependence on type of intervention (adenomecto-
my, hemihypophysectomy or total hypophysectomy)
and the amount of removed pituitary gland, being
thyrotropin and gonadotropin deficiencies the most
common pituitary insufficiencies, requiring replace-
ment treatment (28). It is noteworthy that a certain
number of patients with CD display hypocortisolism
after treatment, requiring life-long replacement
treatment with exogenous glucocorticoids. Finally,
GH deficiency, post-operatively evaluated by dynam-
ic stimulation tests, has been demonstrated to be the
most frequent pituitary hormone deficiency, occur-
ring in around 60% of patients with CD after suc-
cessful surgical treatment (81-83). This seems to be
due to ecither the long period of time necessary for
the restoration of physiological GH secretion after
normalization of cortisol secretion and the high
prevalence of GH deficiency after pituitary surgery.
No systematic study has evaluated the evolution of
primitive thyroid and gonadal diseases associated
with CS.

Quality of life

The great number of clinical complications persist-
ing or developing in patients with CS after success-
ful treatment and consequent normalization of cor-
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tisol secretion are responsible for the relevant
impairment on the quality of life documented in
patients cured from CS, mainly those who are in
remission from CD (6,25, 84,85). In particular,
these patients experience considerable physical and
psychosocial impairments, especially in the presence
of post-operative hypopituitarism, and despite the
replacement treatment of the different pituitary defi-
ciencies. The impairment on the quality of life after
long-term remission of CD may be explained not
only by persisting physical impairments but also by
irreversible glucocorticoid-induced changes in the
central nervous system or psychological distress of
living with a previous disease and treatment. Finally,
it cannot be ruled out that long-term endocrine
withdrawal effects may have led to irreversible alter-
ations in perceived quality of life.

CONCLUSIONS

CS is a severe systemic disease associated to multiple
clinical complications, which severely impair the
quality of life and increased the morbidity and mor-
tality for cardiovascular diseases. The most common
form of CS is CD, due to a corticotroph pituitary
tumor, which is associated to several difficulties in
the diagnostic and therapeutic procedures and,
therefore, to a prolonged exposure to glucocorticoid
excess, which makes the pituitary-dependent CS
more prone to chronic and permanent complica-
tions. The remission of CS is followed by a signifi-
cant but partial improvement on the clinical syn-
drome and associated systemic clinical complica-
tions, which often persists for a long period of time
after disease remission. Moreover, the rapid normal-
ization of cortisol secretion after treatment is fre-
quently followed by the exacerbation or develop-
ment of novel diseases in predisposed subjects, par-
ticipating in maintaining the increased morbidity
and impaired quality of life of patients cured from
CS. These findings suggest the existence of a new
syndrome, which can be called “Cushing’s cure syn-
drome”, which is partially similar but displays some
different characteristics compared to Cushing’s syn-
drome. Figure 6 shows a scheme of the clinical char-
acteristics of this syndrome. Finally, the evidence of
this syndrome definitely suggests that patients cured
form CS need to be accurately monitored for a long
period of time despite normalization of cortisol
secretion after successful treatment, probably for the
entire life.
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Figure 6. Exemplary scheme of clinical manifestations of the “Cushing’s cure syndrome”.
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