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m Despite major advances in laboratory methods, radiology, and neurosurgery, the evaluation and therapy
of Cushing’s syndrome remains a major challenge to clinicians. In a substantial percentage of the patients
with Cushing’s syndrome, laboratory and radiologic studies yield data that are confusing or misleading. This
paper reviews the various disorders that comprise Cushing’s syndrome and addresses some of the problems

in diagnosis and therapy.

O INDEX TERM: CUSHING’S SYNDROME O CLEVE CLIN ] MED 1988; 55:329-337

INCE Dr. McCullagh’s excellent review of

Cushing’s syndrome, first printed in 1961 and

reprinted in this issue of the Cleveland Clinic

Journal of Medicine, major advances in radiology,
laboratory methods, and neurosurgery have modified the
diagnostic and therapeutic approaches to this disorder.
Some of the features that were disturbing to Dr. McCul-
lagh, such as the normal adrenocorticotrophic hormone
(ACTH) levels found in Cushing’s disease or the general
problem of ectopic ACTH syndrome, have been clarified
and better documented. The problem with Cushing’s
syndrome has been that as soon as one puzzle or problem
is solved, a new difficulty arises.

PATHOGENESIS

It is convenient to classify Cushing’s syndrome into six
major types (Table 1). Adrenal tumors causing Cushing’s
syndrome constitute about 20% of cases. Benign adrenal
tumors causing Cushing’s syndrome produce predomi-
nantly glucocorticoids; androgen and mineralocorticoid
production are rare.! In adrenal cancers causing
Cushing’s syndrome, frequently all three classes of adre-

Department of Endocrinology, The Cleveland Clinic Foundation.
Submitted for publication June 1987; accepted Oct 1987.
Editor’s note: See also McCullagh (pp 339-356).

JULY - AUGUST 1988

nal steroids are present at high levels.? ACTH levels are
suppressed. Following successful removal of an adrenal
tumor causing Cushing’s syndrome, the remaining adre-
nal gland and the hypothalamic-pituitary-adrenal axis
may remain suppressed for six to 12 months.

Dr. McCullagh was well aware of the existence of a
corticotropin-releasing factor (CRF). After decades of
study, the structure of CRF was finally deciphered.?
Publications rapidly followed indicating that CRF might
be useful to differentiate ectopic ACTH syndrome from
pituitary Cushing’s syndrome.** Subsequently, Howlett
and Rees® wrote of a number of exceptions to this ability
to differentiate the two ACTH-dependent forms of
Cushing’s syndrome. A few cases of ectopic production of
CREF causing Cushing’s syndrome have been reported.”®
The tumors producing the CRF were a bronchial
carcinoid and a medullary carcinoma of the thyroid.

Dr. McCullagh’s observation that ACTH levels are
generally normal in pituitary-dependent Cushing’s syn-
drome has been repeatedly substantiated using radioim-
munoassay (RIA) techniques to measure ACTH.!*> The
conventional explanation for the normal levels is that
for the high level of cortisol production, the ACTH
levels are inappropriately high. It is now clear that
pituitary Cushing’s syndrome is due primarily to ACTH-
producing pituitary adenomas, many of them quite small
(1 to 5 mm). The more fundamental question of whether
these tumors are caused by an excess of hypothalamic
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CRF remains unanswerable. Once the patients are cured
after removal of the tumor, the overwhelming majority
remain cured for up to seven years.® This suggests, but
does not prove, that hypothalamic CRF excess may not
cause the ACTH-producing pituitary adenomas.

A small percentage of patients with pituitary-depen-
dent Cushing’s syndrome appear to have corticotroph-
cell hyperplasia rather than a distinct corticotroph-cell
adenoma.!? It is possible that in this subset of patients
either eutopic (hypothalamic) or ectopic (outside the
hypothalamus) CRF excess causes the excessive produc-
tion of ACTH.

Ectopic ACTH syndrome has become much better
understood since Dr. McCullagh’s paper was published.
About half of the cases arise from tumors within the
chest, including oat-cell carcinofnas, carcinoids, and
thymomas. Other reported tumor types include medul-
lary carcinomas of the thyroid, islet-cell tumors, pheo-

TABLE 1
ETIOLOGY OF CUSHING’S SYNDROME
[ e e e
Pituitary (Cushing’s disease)
ACTH-producing pituitary adenoma
Corticotroph-cell hyperplasia
Ectopic ACTH
Ectopic CRF

Adenomatous hypetplasia
Micronodular
Macronodular

Adrenal adenoma

Adrenal carcinoma
L P e e

TABLE 2
TWO PATIENTS WITH ADENOMATOUS HYPERPLASIA

chromocytomas, and prostate carcinomas. Classically,
these patients present with weakness, weight loss, and
hypokalemia. Clinical features of Cushing’s syndrome
range from absent to profound. ACTH levels and steroid
measurements are usually quite high.

Thus for most varieties of Cushing’s syndrome, a rea-
sonably simple pathogenesis has been outlined. Most
cases are due to ACTH either from the pituitary gland or,
less commonly, tumors in other organs.! When ACTH
mediates the Cushing’s syndrome, both adrenal glands
become hypertrophic and secrete excessive amounts of
cortisol, as well as androgens and mineralocorticoids.
Primary adrenal tumors account for most of the remain-
ing cases.

Macroadenomatous hyperplasia is classified some-
where between ordinary Cushing’s disease and benign
adrenal adenomas. Some authors regard this entity as
simply an extension of pituitary Cushing’s syndrome.!!:12
Although this may be the case, test results of at least some
affected patients are similar to those of patients with
adrenal adenomas. Table 2 shows data relating to two
patients with adenomatous hyperplasia. Both patients
underwent bilateral adrenalectomy. Except for the meas-
urable ACTH levels, the data could have indicated the
presence of adrenal adenoma. Computed tomographic
(CT) imaging of the adrenal glands showed enormous
bilateral adrenal enlargement, suggesting the diagnosis
of bilateral macronodular hyperplasia. In both cases, the
pathologic examination confirmed macronodular adre-
nal hyperplasia. Also, the total weight of the adrenal
gland had increased enormously (85 g in the first patient
and 116 g in the second [normal, approximately 3-4.5 g
per adrenal gland]). Are cases like these two somewhat
analogous to hyperthyroidism in an adenomatous goiter?

Baseline Day 1* Day 2* Day 3% Day 41
Patient 1
Plasma cortisol (pg/dL) 34 27
Urine-free cortisol (ug/24 h) 311, 515, 250 330 311 422
Urine 17-OH (mg/24 h) 13 11.7 18.6 13.5 9.8
Plasma ACTH (pg/mL) 51, 87 51 85
Urine 17-OH (metyrapone)i 9.6, 173 5.4% 8.9% 6.6§
Patient 2 23,27 28 255 26.5
Plasma cortisol (pg/dL) 288 155 220 274
Urine-free cortisol (ug/24 h) 11.0 5.6 6.8 19.4 9.9

Urine 17-OH (mg/24 h) 38
Plasma ACTH (pg/mL)

* Dexamethasone (0.5 mg every 6 hours for 48 hours)
t Dexamethasone (2.0 mg every 6 hours for 48 hours)
} Metyrapone (750 mg every 4 hours for 48 hours)

§ 24 hours after last dose of metyrapone
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TABLE 3

SIGNS AND SYMPTOMS IN BENIGN CUSHING’S SYNDROME

(35 WOMEN, 1 MAN)
e

Finding Number (%)
Round face 31/36 (86)
Proximal weakness 30/36 (83)
Amenorrheafoligomenorrhea 19/25 (76)*
Truncal weight gain 29/36 (80)
Hirsutism 28/35 (80)
Plethora 26/36 (72)
Thin skin 26/36 (12)
Psychiatric symptoms 26/36 (72)
Frank psychosis 3
Depression 2
Somatization 4
Admitted to psychiatry unit prior to diagnosis 5
Acne 17/36 (47)
Purple striae 15/36 (42)
Edema 5/36 (14)
Bone-related symptoms? 5/36 ( 8)
Hypertension
Pituitary Cushing’s syndrome 9/28
Adrenal adenoma 5/6
Macronodular adenomatous hyperplasia 212

* The other 10 patients were either menopausal or had undergone a
hysterectomy previously.

+ Many more patients had osteopenia as shown on radiographs; this only
includes those with bone pain or fractures as presenting symptoms.

We simply do not have enough data to be certain. The
apparently rare disorder called micronodular adrenal
hyperplasia, described by Ruder et al,!* appears to be a
different entity from macronodular adrenal hyperplasia.
The overall size of the adrenal gland is normal. The
histologic appearance is characterized by nests of hyper-
plastic adrenal cortical cells, and the surrounding normal
adrenal cells appear suppressed. ACTH levels are low.
The pathogenesis of this disorder is not well understood.

CLINICAL FEATURES

Dr. McCullagh’s paper refers to most of the well-recog-
nized clinical features of Cushing’s syndrome. The pres-
ence of hypertension and diabetes mellitus, although
frequent, are not helpful in the diagnosis of Cushing’s
syndrome. Table 3 summarizes the clinical features of the
first 36 cases (35 women and one man) of benign
Cushing’s syndrome (Cushing’s disease or benign adrenal
adenoma) I have observed. My approach is that patients
with the combination of proximal weakness and thin
skin, along with any of the additional features listed in
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TABLE 4
SCREENING TESTS
L~ -

Lack of diurnal variation in plasma cortisol

Plasma cortisol 22.5 p/dL soon after the onset of sleep'*
24-hour urine assay for free cortisol'®

24-hour urine assay for 17-hydroxy-corticoids’

Overnight DST measuring cortisol at 8 AM. after giving 1 mg of dexam-
ethasone at 11 PM. the previous night

TABLE 5
TESTS TO DIFFERENTIATE CUSHING’S DISEASE FROM
OTHER VARIETIES OF CUSHING’S SYNDROME

ACTH levels'®

DSTs
8 mg at midnight!’
0.6 mg every 6 hours for 48 hours'®
2.0 mg every 6 hours for 48 hours'?

Metapyrone tests
750 mg every 4 hours for 48 hours?®
2,000 mg at midnight?!

ACTH levels after CRF administration®

Pituitary or adrenal visualization with CT or MRI?!

Inferior petrossal sinus sampling for ACTH?

Radiological search for a tumor causing ectopic ACTH secretion?

Peripheral venous sampling for multiple polypeptide hormones, including
calcitonin, vasoactive intestinal polypeptide, gastric inhibitory
polypeptide, pancreatic polypeptide, human chorionic gonadotropin,
etc. (a positive test implies ectopic ACTH)**

e e

Table 3, should be considered to have Cushing’s syn-
drome until the diagnosis is incontrovertibly disproved
by repeated testing.

LABORATORY TESTS

Dr. McCullagh succinctly summarized the results of
laboratory studies available in 1961. Baseline measuring
of urinary 17-hydroxycorticoids and remeasuring these
levels after manipulations with metyrapone or dexa-
methasone were the best evaluations. We still rely on the
same principle, especially for dexamethasone suppres-
sion tests (DSTs), to confirm the diagnosis and differen-
tiate Cushing’s disease from the five other forms of
Cushing’s syndrome. Available tests have proliferated
over the years, as shown in Tables 4 and 5. Yet correct
differentiation of the six varieties of Cushing’s syndrome
remains difficult; none of these tests approach 100%
sensitivity and specificity.**> Thus the clinician always
faces a major dilemma. Therapy is directed to the pitui-
tary gland or adrenal glands, or even elsewhere in the case
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A. If clinical findings suggest Cushing's syndrome:
1. Collect a 24-hour urine sample for free cortisol by RIA, or
2. Do an overnight DST

If the result of either is negative, test again (sometimes repeat more than once if a
strong clinical suspicion persists)

B. If findings are positive (i.e., cortisol excess is confirmed)

/ ACTH levels (at least 2) \

If low, diagnosis should If normal or < twice the If > twice the upper limit
be adrenal tumor or rarely upper limit of normal, . of normal, diagnosis likely
micronodular adenomatous diagnosis should be to be ectopic ACTH syndrome
hyperplasia. pituitary Cushing's
CT of Adrenal glands CT or MRI of pituitary gland
(about half the time the

presumed tumor will be seen)
After ACTH samples are obtained,
do low- and high-dose DST

— |

If urine-free cortisol If plasma cortisol or

and/or plasma cortisol urine-free cortisol levels CT or MR of pituitary gland

levels do not supress suppress to about 50% Or ————p-  (about half the time, the

on DST less of baseline values presumed tumor will be seen)
Diagnosis should be pituitary

~ Cushing's syndrome (occasionally,
ectopic ACTH might suppress)

CT of adrenal glands \

If positive, consider diagnosis If negative, diagnosis could
to be adrenal tumor. If both be pituitary Cushing's or
adrenal glands are large, micronodular adenomatous
diagnosis should be hyperplasia or ectopic ACTH
macronodular adenomatous or CRF secretion
hyperplasia or ectopic ACTH Consider ACTH levels, do

metyrapone test, possibly
petrosal vein sampling for ACTH,
etc., to try to arrive at diagnosis

FIGURE 1. Approach to the diagnosis of Cushing’s syndrome.
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No Cure

Pathology confirms ACTH- o

staining pituitary adenoma Normal pituitary gland
Pituitary radiation . Adrenalectomy Adrenalectomy Chronic medical
with medical therapy, Some advocate Check periodically therapy, again
until radiation works radiation as for the tumor searching periodically
If radiation does not well to prevent that caused for the suspected
work after a Nelson-Salassa ectopic ACTH or tumor
reasonable time syndrome CRF production

FIGURE 2. Therapeutic options available if transsphenoidal surgery fails to cure a patient.

of ectopic ACTH syndrome, based on imperfect data.
Carpenter?! estimates that one third of the time (in 250
cases) the data are misleading.

[ have had the opportunity to care for 60 persons with
Cushing’s syndrome. In at least half, test results were
confusing or misleading, if the negative pituitary
radiologic studies despite later surgical confirmation of
a pituitary adenoma, as well as confusing biochemical
data, are included. I have found the most straightfor-
ward situation to involve primary adrenal tumors. With
a reliable ACTH assay (the level is suppressed) and
standard DSTs (no suppression), one can determine if
an adrenal tumor exists. Either adrenal-sector or ab-
dominal CT scans should then confirm the presence of
an adrenal tumor.!? Every type of Cushing’s syndrome, in-
cluding the type caused by adrenal adenomas, can un-
dergo spontaneous remissions,*¢-2° as Dr. McCullagh was
well aware.

The toughest diagnostic problem is to be certain that
a patient has pituitary Cushing’s syndrome and not
ectopic ACTH syndrome, which mimics it.>%3! At pres-
ent, and [ suspect for the foreseeable future, a clear
solution remains impossible in all cases. One major
problem for all clinicians who deal with Cushing’s syn-
drome is the reliability of the ACTH assay, since diagnos-
tic differentiation relies primarily on the evaluation of
ACTH levels. During my 11 years in practice at the
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Cleveland Clinic, we have had three different RIA assays
for ACTH. The first and third have been quite reliable;
the second was totally unreliable. Of my first 30 patients
with pituitary Cushing’s syndrome (proved by pituitary
surgery and clinical outcome), six did not show suppres-
sion after a large-dose DST and six showed too much sup-
pression after the DST. Thus 40% of the tumors behaved
in a “nonclassical” fashion.

My current approach to the diagnosis of Cushing’s syn-
drome is shown (Figure 1), and I believe it can reduce the
number of misdiagnoses to an acceptable level. Coates et
al’® believe that all cases of apparent pituitary Cushing’s
syndrome might be unusual presentations of occult ec-
topic ACTH syndrome. Subsequently, of 71 consecutive
patients with ACTH-dependent Cushing’s syndrome,
they found 10 to have occult ACTH-producing tumors
indistinguishable from those in pituitary-dependent
Cushing’s syndrome. These data correlate well with the
experience Bay and I report,>? which shows a 10% to 25%
non-cure rate with pituitary surgery for presumed pitui-
tary Cushing’s syndrome. One of Coates’ colleagues, Dr.
Besser, argues that one cannot afford to make a misdiag-
nosis and direct treatment at the pituitary gland inappro-
priately (personal communication). Since his approach
would involve spending many unnecessary thousands of
dollars per patient when most indeed have pituitary
Cushing’s syndrome, it is more practical and cost effec-
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TABLE 6

SUMMARY OF ADDITIONAL DIAGNOSTIC PROBLEMS IN CUSHING’S SYNDROME
[ e e ]

Patients who lack the clinical features of Cushing’s syndrome, but have high urine-free cortisol levels and/or show poor suppression with dexamethasone,

especially shown by overnight DST
1. Classical ectopic ACTH syndrome?’

2. True Cushing’s syndrome, other than ectopic ACTH, but with atypical clinical features

3. Depression?®
4. Stress
5. Abnormally slow metabolism of dexamethasone?®

Patients with clinical features suggesting Cushing’s syndrome, but normal urine-free cortisol andfor normal suppressibility as shown by DSTs

1. True Cushing’s syndrome, but in remission®*

2. True Cushing’s syndrome, but diagnosis obscured by abnormally slow metabolism of dexamethasone®®
3. Factitious or inadvertent steroid use.’* If topical fluorinated glucocorticoid administration is the cause, urine-free cortisol levels and plasma

cortisol levels will be quite low.*¢
Alcoholism

A small percentage of alcoholics have clinical and biochemical Cushing’s syndrome.

Both the clinical and the biochemical changes reverse rapidly with alcohol abstinence.

37-39

TABLE 7
MEDICAL THERAPY FOR CUSHING’S SYNDROME

Need to use
glucocorticoid
Drug Usual dose with the drug? Effectiveness Special comments
Cyproheptadine* 24 mg/d No Quite variable Few patients
respond wel][#3-46%
Trilostane*’ 200-360 mg/d No Generally effective
Aminoglutethimide*® 1-2 g/d Yes Usually effective A skin rash or
drowsiness may
limit use. Need to
use more dexamethasone
than one would expect
Metyrapone***° 1-2 g/d No Usually effective Least side effects
of any of the
effective agents
O, B, DDD51-5 1.5-2 ¢ Yes Usually effective Used mostly for adrenal
(much higher dosages cancer.? Can be used
for cancer: 8-10 g/d) for hyperplasia;
side effects frequent
Ketoconazole®* 400 mgto 1 g/d No Usually effective Newest agent used for

medical therapy

* None out of three responded well in my experience.

tive to treat on the basis of the data collected in the
approach outlined in Figure 1. The patients not cured
with pituitary surgery can be dealt with later. Some of the
additional problems in the diagnosis are summarized in
Table 6.

Another technique used in some centers in yet an-
other attempt to obviate this diagnostic dilemma has
been to try to prove that the source of ACTH is the
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pituitary gland by sampling the inferior petrosal sinuses.*’
An analysis of some reports and some unpublished infor-
mation provided by Tyrrell, Arafah, and Orth suggests
that even this is not a panacea. There are not enough
published data to suggest that routine sampling of the in-
ferior petrosal sinus should become a widely used proce-
dure, especially considering the cost, morbidity, and
occasional mortality.
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FIGURE 3. Before (left) and one month after (right) treatment with metyrapone (1 g/day) and aminoglutethamide (1 g/day).

TREATMENT

In Dr. McCullagh’s time, total or subtotal adrenalec-
tomy was the treatment of choice for ACTH-dependent
Cushing’s syndrome. The treatment of choice for pri-
mary adrenal Cushing’s syndrome is still adrenal surgery.
Because of lower morbidity and mortality and the feasi-
bility of a high cure rate via transsphenoidal pituitary
microsurgery, most centers treating a large number of
patients with Cushing’s disease have switched to pitui-
tary microsurgery.”! %4142 Bay and | review our experience
with this therapy and compare it with that in other large
published series.*?

Since the pituitary adenomas that cause Cushing’s
syndrome are often too small to be detected with even
the most sophisticated neuroradiologic studies, the clini
cian often must recommend pituitary surgery on the basis
of the biochemical data. Yet, as shown previously, ectopic
ACTH syndrome can mimic pituitary Cushing’s syn-
drome so closely that even the most experienced clini-
cians are fooled when they evaluate the biochemical
data. Several guidelines may help to solve this problem:

JULY - AUGUST 1988

1. Assume that spontaneous hypokalemia in ACTH-
dependent Cushing’s syndrome indicates ectopic ACTH
syndrome.*!

2. Be very suspicious of cases of ACTH-dependent
Cushing’s syndrome in males.

3. Look at all the biochemical data closely. Are the
steroid measurements or ACTH levels a bit higher than
with usual Cushing’s disease? Does the DST show less
suppression than usually occurs with Cushing’s disease?
If so, at least consider whether to test again or search
for another source of the ACTH.

Daughaday*® succinctly summarized the reasons for
the switch from bilateral adrenalectomy to pituitary
microsurgery for pituitary-dependent Cushing’s syn-
drome. However, besides lack of cure because of incor-
rect diagnosis, there may be initial failure because the
pituitary tumor is invasive and thus not completely
resectable.!” Late recurrences after an initial cure also
have been reported. 10414244

To date there is not enough published information to
allow the clinician to recommend a therapy confidently
if transsphenoidal microsurgery fails. Some available
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options are outlined (Figure 2).

The therapeutic options are similar for patients ini-
tially diagnosed as having ectopic ACTH syndrome. At
the Cleveland Clinic, we have attempted (without suc-
cess) to destroy the adrenal glands using adrenal vein
injection for a patient in whom, it was ultimately found,
a medullary carcinoma of the thyroid was causing the
Cushing’s syndrome.

Some drugs available to Dr. McCullagh are still in use
today as therapy for Cushing’s syndrome. Table 7 lists the
medications available in the United States. Cyprohepta-
dine, which is effective in a small subgroup of patients,
reduces ACTH secretion. All of the other drugs listed
block cortisol synthesis at some step in the synthetic
pathway. The dramatic clinical improvement that can
occur after four to eight weeks of successful treatment is
impressive (Figure 3).”* Treating more than a dozen pa-
tients medically has convinced me that problems such as
overblockade, underblockade, and patients who fail to
return for continued treatment make chronic therapy
too difficult to use. Consequently, I usually reserve
medical therapy for the most ill patients prior to adre-
nalectomy or for patients with ectopic ACTH syn-
drome.*

Is there a role for radiation therapy as the primary
method of treatment of pituitary Cushing’s syndrome in
19887 Previously published reports!1%33 showing a 15% to
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