
HE pathological or iatrogenic state of glucocorticoid
excess combined with its clinical and biochemical
findings is known as CS. Endogenous CS results

from prolonged exposure to excess glucocorticoids pro-
duced by the adrenal cortex or an adrenal tumor. To under-
stand the causes of CS it is appropriate to classify the hy-
percortisolemic state by its dependence on corticotropin
(ACTH). Pituitary corticotrophic adenomas account for
about 80 to 90% of all noniatrogenic adult cases of CS.
Cortisol-producing adrenal as well as non-pituitary ACTH-
secreting lesions such as lung carcinoid, small cell lung
carcinoma, pheochromocytoma, medullary thyroid carci-
noma, pancreatic islet tumors, and rare ovarian tumors ac-
count for the majority of the balance. Ectopic CRH-pro-
ducing lesions such as hypothalamic gangliocytomas are
exceedingly rare.

A subset of patients with CS presents with variable hor-
monogenesis, which may or may not exhibit overt clinical
expression. During the nadir of hormonogenesis, serum
hormone levels may be elevated, normal, or subnormal.
The variability of these cycles may be regular or irregular.

Definition of Cyclic CS

Although not identified in most large series of patients
with CS, the presence of cyclic CS is being increasingly

recognized as a clinical entity.18 Its diagnosis, although
challenging, can be made by demonstrating three peaks and
two troughs of cortisol production.2 There are no available
data to date that define what minimal biochemical thresh-
old should be used to establish the diagnosis of cyclic CS.
In general, however, the tests results used to document ep-
isodes of hypercortisolemia in cyclic CS will be similar to
those of traditional CS except one will observe periodic
episodes of “normal” test results. The duration of the cycles
has been described as being 12 hours to 86 days. This range
is in contrast to the condition referred to as intermittent CS,
in which the cycle of cortisol production is irregular and
ranges from 10 episodes of relapse in 3 months to two
episodes of exacerbation in 5 years. The term CS with peri-
odic hormonogenesis has been proposed to unify these con-
ditions. Implicit in the former condition is the expectation
of a relatively predictable pattern of cortisol production,
with similar distance between the peaks.

Clinical Presentation of Cyclic CS

In patients with CS, excessive cortisol production is re-
sponsible for the clinical phenotype of central obesity
with supraclavicular fat accumulation, purple striae, proxi-
mal muscle weakness, hypertension, diabetes mellitus, and
neuropsychiatric disturbances, among other findings. In
patients with cyclic CS, signs and symptoms may be limit-
ed to a few subtle clinical clues such as recurrent peripher-
al edema, cardiac rhythm disturbances, or hypokalemia.
Shapiro and Shenkman,16 in their experience in four cases
and review of 44 cases, divided cases into five general cat-
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egories based on the periodicity of the symptoms and the
clinical manifestations. It is interesting that, in their review,
a group of patients exhibited variable clinical expression
and a variable temporal course. 

Origin of Cyclic CS

Although cyclic CS can be caused by a corticotrophic
adenoma of the pituitary, as these comprise about 80% of
the cases of ACTH-dependent CS, it has also been report-
ed in association with adrenal hyperplasia and adenomas as
well as in association with malignant carcinoid tumor of the
lung,6 pheochromocytoma,17 bronchial adenoma,15 and
oncocytic carcinoid of the kidney.8 Adrenal masses and ad-
renocortical nodular dysplasia have also been reported.4,16

The association with confirmed hypothalamic disorders
was reported by Shapiro and Shenkman.16 Although cyclic
CS has been historically thought to be a very rare entity, it
is now being recognized with increasing frequency, which
may be due, in part, to increased consideration of and test-
ing for the disease. Further confounding the ability to deter-
mine the incidence, ACTH staining and Crooke hyaline
changes may be negative in tumor tissue in patients with
cyclic CS because of the absence of persistently elevated
blood ACTH and cortisol levels. This makes the retrospec-
tive recognition of the disease in surgical series very diffi-
cult. 

Diagnosis of Cyclic CS

The diagnosis of cyclic CS presents a challenge both
from a clinical and laboratory evaluation perspective. Al-
though no specific diagnostic study will differentiate cyclic
CS from regular CS, clinical evaluation involving special
attention to subtle signs and symptoms of hypercortisolism
is imperative to proceed with laboratory evaluation. Labor-
atory testing can be timed to correlate with signs and symp-
toms of episodes of hypercortisolemia. Standard measure-
ment of 24-hour UFC has a sensitivity of 95 to 100% and
specificity of 94 to 98% for the detection of CS, when
conducted with high-performance liquid chromatography.12

Ideally three 24-hour UFC samples would be obtained to
increase the diagnostic yield because there is variability in
cortisol secretion from day to day. A midnight plasma cor-
tisol level with values greater than 207 nmol/L has a sensi-
tivity of 96% and a specificity of 100% in differentiating
CS from pseudo-Cushing states.13 Salivary cortisol samples
obtained at 11 p.m. have a sensitivity of 92% and a speci-
ficity of 95%.11 Cortisol levels in saliva have a high corre-
lation with free serum cortisol and are stable for up to 1
week at room temperature once collected. Dexamethasone
suppression testing, when carefully done and interpreted,
also plays a significant role in the confirmation of the diag-
nosis of CS. 

In patients suspected of having cyclic CS, significant
clinical clues of periodic hypercortsolism are gathered from
the history and from subtle clinical findings. Paradoxical
responses to dexamethasone suppression testing are usual-
ly a consistent laboratory finding. Brown and colleagues5

described the case of a patient with a pituitary adenoma in
whom there was a paradoxical increase in cortisol produc-
tion before the first dose of dexamethasone was adminis-
tered. Subsequently Atkinson and coworkers1 described a

pituitary adenoma in a case in whom both cortisol and
ACTH patterns of secretion followed different rhythms.
Pituitary function is normal between cycles and imaging
diagnostic studies such as pituitary magnetic resonance im-
aging, adrenal scanning, and inferior petrosal sinus sam-
pling are often negative. Yamamoto et al.20 described two
cases in which there was positive bilateral inferior petrosal
sinus sampling; the patients underwent transsphenoidal ex-
ploration of the pituitary and no tumor was found. Both
patients eventually were found to harbor an ACTH-secret-
ing lung lesion. The authors indicated that CRH was used
to increase the sensitivity and specificity of the inferior pe-
trosal sinus sampling. They concluded that the likely rea-
son for the false-positive finding was the presence of inter-
mittent CS.

Ultimately a long period of surveillance as well as care-
ful interpretation and reevaluation of clinical and laborato-
ry findings may be needed to demonstrate the cyclic nature
of CS. Salivary cortisol samples collected over time in an
outpatient setting are a highly efficacious, noninvasive way
of establishing the diagnosis of cyclic CS.11 The diagnosis
requires a high index of suspicion not only in the afore-
mentioned situations but also in patients who undergo se-
lective TSA for presumed CS and in whom the cushingoid
features are slow to resolve or in whom signs and symp-
toms of the disorder return after uncomplicated operative
interventions. Clinicians trying to confirm or exclude a
diagnosis of cyclic CS must perform repeated cycles of
tests for hypercortisolemia and be comfortable with the fact
that some test results may be normal in the presence of the
disease during periods of diminished tumoral activity.

Although it can be very useful to look for three peaks and
two troughs of cortisol production in patients being evalu-
ated for cyclic CS,2 it is ultimately the level of clinical sus-
picion for the disease that drives the decision for how much
testing is ultimately performed. We suggest that an effec-
tive preliminary screening protocol is to obtain a series of
four 24-hour UFC collections, midnight salivary cortisol
collections, and blood draws for cortisol and ACTH during
periods of symptomatic hypercortisolemia (that is, during
times of increasing central weight, edema, hirsutism, acne,
acid reflux, and facial redness). Negative results for four
sets of these tests (performed at times consistent with clin-
ical hypercortisolemia) largely rules out the presence of
cyclic CS, unless clinical suspicion remains high. By con-
trast, intermittently positive test results for hypercortiso-
lemia may suggest the presence of cyclic CS, and more
extensive testing may be warranted.

Pathophysiological Mechanisms of
Cyclic CS and Treatment 

The definitive mechanism responsible for cyclic CS re-
mains unknown. Halberg and colleagues7 have shown
cycles of steroid production in normal individuals; thus,
episodic hypercortisolism may be an exaggeration of the
normal cyclical variation in a subgroup of patients. Per-
iodic ACTH secretion has been associated with a cyclic
change in central dopaminergic tone. The response to both
low and high doses of bromocriptine, a known specific
activator of dopaminergic receptors in the central nervous
system, including the hypothalamus, has led some investi-
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gators to propose that the hypothalamic dysfunction plays
a central role in the development of this condition.18,19 The
authors of in vitro studies, however, have shown that bro-
mocriptine can also act directly on pituitary adenoma cells
and inhibit the release of ACTH. Beckers et al.3 have
described the case of a patient with cyclic CS who initially
underwent bromocriptine therapy for 2 years and subse-
quently underwent a TSA. Although symptoms rapidly re-
solved, they returned within 2 months. Treatment with
sodium valproate was then instituted, and a prompt nor-
malization of clinical symptoms and laboratory abnormali-
ties was observed, although the rhythmic excretion of uri-
nary cortisol continued. Sodium valproate is a well-known
antiepileptic drug that increases g-aminobutyric acid lev-
els, which in turn inhibit CRH secretion. It has been re-
portedly used in CS and in cases of Nelson syndrome.9
Contrary to the effects of bromocriptine, the response of
ACTH-producing cells to sodium valproate has not been
demonstrated. Cyproheptadine, a well-known serotonin an-
tagonist, has been used in some patients with CS and may
be helpful in patients with cyclic CS. The high rate of
recurrent symptoms after TSA, in combination with the
aforementioned observations, implies that hypothalamic
dysfunction may play a central role in the pathophysiology
of this condition.10 The role of TSA in patients with an
unequivocal diagnosis of cyclic CS remains uncertain.
Beckers et al.3 and Shapiro et al.15 have reported that
patients with cyclic CS suffer symptom recurrence after
TSA. Based on these reports, TSA cannot be recommend-
ed as definitive treatment. Prospective studies of patients
with a clear-cut diagnosis of cyclic CS will be needed to
better define the role of TSA in this setting.

Conclusions

Cyclic CS has varied clinical presentations and presents
a diagnostic challenge. Recurrent, sporadic signs and
symptoms of hypercortisolism with normal or fluctuating
cortisol values and normal pituitary function, as well as a
paradoxical response to dexamethasone suppression test-
ing, are valuable clinical clues that should prompt one to
proceed with dynamic investigation during periods of
hypercortisolism. Performing a series of four 24-hour UFC
collections, midnight salivary cortisol collections, and
blood draws for cortisol and ACTH during periods of
symptomatic hypercortisolemia can be a very effective ini-
tial screening protocol. Based on the available literature, it
is not uncommon for these patients to undergo TSA even
before the diagnosis is clear. Medical treatments have only
shown limited efficacy to date. Studying the clonality of
pituitary cells removed during TSA in patients with cyclic
CS may shed some light on the pathophysiology of this rare
condition. Clinicians who commonly treat patients with
pituitary disorders need to be aware of this condition along
with its diagnostic pitfalls.
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