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I. The Pathophys iology of Cushing ' s Syndrome. 

A. Def inition~ A di sease man i festing the effects of cortisol excess. 

B. The normal pituitary-adrenal relationship (Fi gure I) ~ 

I . Contro l of ACTH secretion. 

ae Hy pothalam i c Vi a Corticotrophin Releas ing Factor (CRF). 

b, Negat ive feed-back by cortisol. 

The concept of hypothalami c control of anterior pituitary function by a neurohumoral mechanism 
is based mainly on the work of Har r is. Attempts to isolate and characterize the ACTH-releasing 
factor conti nue. 
(I) Harris, G.W. The deve lo pment of ideas regarding hypothalamic-releasing factors. Metabo-

1 i sm 13: I I 71 , Oct • 1964 (Part 2) • 
(2) Scha l ly, A. V. and Bowers , C.Y. Corticotrophin-releasing factor and other hypothalamic 

peptides. Metabolism 13: 1190, Oct . 1964 (Part 2). 
(3) Porter, J .C. and Rumsfeld, H.W. ACTH-releasing activity of bovine posterior pituitaries. 

Endocri no logy 70 :62, Ja n. 1962 . 

The presence of a negative feed- back control by the circulating level of cortisol is certain, 
but the exact location of the feedback mechanism is uncertain. 
{4) Yates, F.E. a nd Urquhart, J . Control of plasma concentrations of adrenocortical hormones. 

Physiol. Rev. 42:359, Jul y 1962. 
{5) Dav idson, J .M. and Feldman, S . Cerebral involvement in the inhibition of ACTH secretion 

by hydrocortisone . Endocrinology 72 : 936, June 1963. 

The effect of cort isol upon stress-induced release of ACTH (presumably via the hypothalamus) is 
also unsettled. 
(6) Estep, H.W., et al. Pituitary-adrenal dynamics during surgical stress. J. Clin. Endocrinol. 

23:419, May 1963. 

2. The effects of ACTH upon the adrenal. 

a . Pathway of adrenal steroid synthesis. 

b, The site and mode of action of ACTH . 

The effect of ACTH is almost exclusively upon the synthesis of cortisol, perhaps because it i s 
localized i n t he zona fasciculata. The mode of action may be through the activation of phosphory­
lase, supply ing TPNH requ ired for enzyme activity. 
(7) Dorfma n, R.i. Metabol i sm of adrenal cortical hormones. Lieberman, S , Chemistry of ad­

renal corticosteroids in The Adrenal Cortex, ed. H4D. Moon, Hoeber, New York, 1961. 
(8) Haynes, R.C., Jr . a nd Berthet, L. Studies on the mechanism of action of the adrenocorti­

cotro pic hormone. J. Bioi. Chern. 225:115, March 1957. 

3 o The transport and metabolism of cortisol. 

a, The normal diurnal variation in plasma cortisol. 

b . The presence of a binding globulin (CBG). 

The plasma and urinary concentrat ions of cortisol show a diurnal variation, which results from 
variation in t he release of ACTH . 
(9) Migeon, C.J., et al . The diurnal variation of plasma levels and urinary excretion of 
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17-hydroxycorticosteroids in normal subjects, night wo~kers and blind subjects. J. Clin. 
Endocr inol. 16:622, 1956. 

(10) Ney, R.L., et al. Correlation of plasma ACTH concentration with adrenocortical response 
in normal human subjects, surgical patients, and patients with Cushing's disease. J . 
C I in. I nvest. 42: 1669, Nov. I 963 . 

( I I) Mart in, M.M. and Hellman, D.E. Temporal variation in SU-4885 responsiveness in man: 
Ev ide nce in s upport of circadian variation in ACTH secretion. J. Clin. Endocrinol. 
24:253, March. 1964. 

The presence of a bi nd i ng protei n for cortisol is of physiologic importance and must be considered 
in evaluating plasma cortiso l levels. 
(1 2) Sandberg, A.A. and Slaunwhite, W.R. Transcortin: A corticosteroid-binding protein of 

plasma. V. 1n vitro inhibition of cortisol metabolism. J. Clin. Invest. 42:51, Jan. 
1963 . 

(13) Beisel, W.R., et al. Cortisol transport and disappearance. Ann. Int. Med. 60 :641, Apri I 
1964. 

C. The abnorma ! pituitary-adrenal system i n Cushing's Syndrome-. 

I . Adrenal neoplasia. 

a. Adenoma - 12%·. 

b . Car cinoma - 16% . 

c. Adrenal cortical rest tumors in ovary. 

2 . Excess .ACTH with secondary adrenal hyperplasia . 

a. Primary pituitary tumors. 

b. Non-endocr i ne tumors ·. 

c . Hypothalam'ic ( ?)- 60% . 

There is no quest ion about the pathophysioluyy of adrenal tumors, although rare variations in 
steroid patterns a re noted . Feminizing syndromes may occur with carcinoma. 
(1 4 ) Kirschner, M.~ ., et al. Cushing's Syndrome: nodular cortical hyperplasia of adrenal 

g lands with clinical and patholog ical features suggesting adrenocortical tumor. J. 
Clin. Endocrinol. 24:947, Oct . 1964 . 

(15) Lipsett, M.S. and Wil son, H. Adreno ~or tical cancer: Steroid biosynthesis and metabolism 
evaluated by ur inary metabolites. J. Clin. Endocrinol. 22:906, Sept . 1962. 

( 16 ) Stewart, W.K., et al. The feminizing syndrome in male subjects with adrenocortical 
neoplasms . Am. J. Med. 37:455, Sept . 1964 . 

Cushing ori g i nally proposed that hi s syndrome was caused by basophi I adenomas of the pituitary. 
There is no question t hat pituitary tumors may cause some cases. 
( 17) Cushing, H. The basophi I adenomas of the pituitary body and their clinical manifestations. 

Bul I. Johns Ho pkins Hosp . 50 : 137, 1932. 

Primary tumors of the pituitary are being recognized with increasing frequency and should be 
looked for in every patient, particularly those with hyperpigmentation. The possibi I ity that 
such tumors may only become obvious after total adrenalectomy is strongly suggested. Most are 
chromophobe, not basoph i I , i r . . type. 
(18 ) Krieger, D.T., et al. Cushing's Syndrome associated with a ~prasellar tumor. Acta endo. 

4 7 : 18 5 , Oct . I 964 . 
(19) Decourt, J. Study of hypophysial adenoma with Cushing's Syndrome favoring identification 

of corticotrophic eel Is in man. Ann . endocrinol. 24:497, July-Aug. 1963 (From 1964 
YearBook of Endocri no logy ). 
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(20 ) Plot z, C.M., et a l . The natura l hi stor y of Cus hi ng 's Sy ndrome. Am . J . Med. 13 : 597, 
Nov. 1952 . 

(21 ) Ne lson , D.t-L , et a l . ACTH- prod uc i ng pit ui tary t umors fol lowing adrenalectomy for Cushing's 
Syndrome. Ann . i nt. Med. 52~ 560, March 1960. 

(22 ) Salassa , R.M ., et a l . Pi t ui ta ry t umors i n pat ients wi th Cushing's Syndrome. J . Clin. 
Endocrinol " 1 9 ~ 1 523, Dec . 1959 . 

(23 ) Mason, A.S . and Green ba um, D. Cus hi ng 's Syndrome a nd s kin pigmentation . Brit. M.J. 
2 ~ 445, Aug . 18 , 1962. 

Case i . Poss i b le Pi t ui t a ry Tumor. 
   )- Cush i ng' s Synd rome d iagnosed i n 195 1 following a 5-year i II ness with 

hype rt ens ion, obesi ty , weakness , fa t igua bi I ity, backache. Treated with courses of pituitary 
i r rad iat ion in 195 1 and s ubtotal adrenal ect om ies in 1952. He became Addisonian and was maintain­
ed on sma l I doses of cort i sone. In 1954, recurrent ep isodes of ventr icular tachycardia secondary 
to a rt er iosc lerot ic hear t di sease bega n. By late 1955, he had developed overt Cus hi ng's Syndrome 
aga i n, wi t h accompanying bronze hype rp igmentat ion of the s kin and purplish pigmentation of the 
bucca l mucosa. Add itional i rrad iati on of t he pi t uitary and adrenal areas was administered. 
Sur gery was adv i sed but not per formed , pr imar i ly because of his precarious cardiac status . Dif­
f use blurr i ng of v is ion was not ed, but t he f undi were clear and the sel Ia was not enlarged in 
ear ly 1957 . He di ed at home i n mid 1958. An aut o psy was not performed. 

Cush i ng 's Synd ru~e may appea r f rom t he elaborat ion of ACTH or ACTH-1 ike mater ial from non-endocrine 
t umor s of va r·ious si tes. A r a pid course with deat h before typical "Cushingoid" features appear, 
hy per pigmentat ion and severe hypokalemia and a lkal osis and markedly elevated plasma and urinary 
17- hyd roxycor t ico i ds a re frequent ly noted. The hypoka lemia and al kalosis result from the high 
cort iso l leve ls. Aldosterone product ion i s norma l. 
(24 ) Bagshawe , K.D . Hypoka lemia , ca rc i noma and Cush i ng ' s Sy ndrome. Lancet 2 :284, Aug . 6, 1960. 
(25 ) Prunty, et a l . Ad renocrot ical hyperf unction and potassium metabolism i n patients with 

"non- e ndocr i ne tumors " and Cus h i ng's Syndrome. J . Clin. Endocrinol. 23:737, Aug. 1963 . 
(26 ) Lidd le, G.W. , et a l . Nonp i t ui tary neoplasms and Cushing's Syndrome. Arch. Int . Med. 

1 11 ~ 129 , Apr i l !963 . 
(27) Jarrett , L . , et a l . Cha racterizati on by imm unofluorescence of an ACTH-1 ike s ubstance 

i n nonp it uitar y t umors f rom pat ients with hyperadrenocort i cism . J . Cl in . Endocrinol . 
24 : 543, Ju ne 1964 . 

The degree of ACTH sti mul at ion may be so great as to st imulate accessory adrenocor. rical tissue . 
(28 ) Cha f fee , W. R, et al. Cu shi ng ' s Syndrome with accessory adrenocortical t issue. J .A.M.A . 

l86 g799 , Nov. 23, 1963. 

Adre na l hypert unction i s common i n pat ients wi th bronchogen i c carcinoma and neoplas ia is 
more common i n pati e nts wi th Cushi ng ' s Syndrome. 
(29 ) Hymes , A.C. and Doe , R. P . Adrena l f unct ion i n cancer of the lung, with and without Cushing's 

Syndrome. Am . J . Med. 33 ~ 398, Sept. 1962. 
(30 ) Wer k , E.E . Jr ., et al. Further stud ies of adrenocortical function in patients with carci­

noma of the lung . Am. J . Med . 34~ 1 92, Feb. 1963 . 
(3 1) Riggs , B.l. Jr· . , and Sprague, R.G. Assoc iat ion of Cus hing's Syndrome and neop lastic disease. 

Arch . i nt. Med. 1 08 ~ 85 , Dec . 196 1. 

Case I i . . Cush i ng 's Syndrome Secondary to No r.- endocri ne Tumor Production of ACTH . 
   was a 50- year-old  male who was admitted to  in  

1963 for eval uation o f a ri ght uppe r lobe i nti ltrate. Weight loss for 3 months, marked polyuria 
with noctur ia for· I 1/2 mont hs and weakness for I month had been noted. 

He was thin a nd weak. Wasti ng of fhe muscles of the shoulders and legs was obv ious, but 
t he r e were no Cus hi ngo i d featu res . Hyperg lycem ia ( 130 mg%>, hypernatremia ( 150 mEq/L) and hypo­
kal emia (2.4 mEq/L) we re found . Uri nary 17- ketostero i ds were 33 and 55 mg/24 hours; urinary 17-
hydroxycor t icoids 43 and 69 mg/ 24 hou rs. 
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The d iagnos i s of sma l I ee l I bronchogen i c carc1noma was made and the patient expired from 
pu lmona ry insuff ic ie ncy af! er s urgery for a perforated gastric u lcer. 

Tumor ACTH , measured by Dr. Li dd le , was 0 .435 mU/gm. 

Case I! i. ng 8s Synd rome Secondary to Non-endocrine Tumor Production of ACTH . 
  ) was a 52-yea r -old  male, adm itted to  for evalua­

t io of a pul mona r y hi la r mass , which was shown to be an oat eel I carcinoma . Hypokalemia 
(2. 5 mEq/L) pers is ted despi te •dm inistration of as much as 120 mEq of KCI daily. 

Ur i nary ster·oids were~ 17-hydroxycorticoids - 60 mg/day, 17-ketosteroids - 50 mg/day, 
a ldoste rone - !2. 7 ~g/day. Urina ry 17-HOCS i ncreased from 68 mg/day to 85 mg/day after 50 units 
of ACTH i ntrave nous ly. 

The exact nature of t he defect i n the most common form of Cushing's Syndrome, bi lateral adrenal 
hyperpl as ia , is unsettled but t here i s considerable evidence favoring a primary pi tui tary dis­
order wi t h hype rsecretion of ACTH. Thi s in turn may reflect a hypothalamic disorder with ex­
cessive secret ion of Corti cot rophin Re leas i ng Fact or. 
(32 ) Liddle, G. W. Tests o f pi t uitary-adrenal suppress ibi l ity i n the diagnos is of Cushing's 

Synd r0111e. Jo Cl i n. Endocr inol. 20 :1539 , Dec. 1960 . 
(33 ) Ja i !er , J .W., et al. St udies i n Cushing 's Syndrome. I I Adrena l weight-mainta i ning activ ity 

i n t he plasma o f patients wi th Cushi ng 's Syndrome. J . Cl in. I nvest. 36:1608, 1957 . 
(34 ) Nugent, C.A., eta!. A possi b le explanation for Cush ing's Syndrome associated with adrenal 

hyperp lasia . J. Clln . Endocrinol. 20:1259, Sept. 1960. 
(35 ) Dav i s, B.M.A. Blood cort icotrophin in normal adults and in patients with Cushing 's Syndrome . 

Acta endo. 45 :55, Jan. 1964. 
( I 0 ) Ney , et a ! • 
(36 ) Fuj ita, T., et a i . Cl i ni cal applications of urina ry ACTH assay. J. Clin. Endocrinol . 

23 ~ I 43 , Feb • I 963 • 
(37 ) Gi vens, J .R., et al. Absence of a normal di urnal variation of plasma ACTH in Cushing's 

d isease. Cl i n. Res. 12:267, Apr i I 1964 (Abstract). 
(38 ) Rog i nsky, M.S . , et a l . The pit ui tary-adrenal relationship is abnormal in Cus hing's disease, 

norma I i n Addison 1 s d isease. J. Cl i n. I nvest. 43: 1287, June , 1964 (Abstract ). 

The poss i bi l i ty of a hypothal am i c d i sorder was raised many years ago and supported recently. 
0 9 ) Heinbecker, P. The pathogenesi s of Cush i ng's Syndrome. Med icine 23:225, 1944 . 
(40 ) Decourt , J . a nd Be rnard - We i I , F. Dynamic invest igation of two cases of Cushing's disease 

wit h pi t ui tary ade noma by means of test with posterior pituitary extract comb i ned with in ­
hibit ion by dexamethasone . Presse m~d. 72:379, Feb. 8, 1964 . (from 1964-65 YearBook of 
Med icine , p. 659 ). 

There 
(4 1 > 

(42 ) 

is I itt !e ev i dence that t he adrenal response to ACTH is abnormal in bi lateral hyperplasia. 
Mulrow , P.J . and Cohn , G.L. Cort icosteroid re lease and synt hesis lJl vitro by adrenal 
s l ices from pati e nts with Cushi ng's Syndrome. J. Cl i n. Invest. 40:1250, July 1961 . 
Gu i g na rd ~,de Maeyer , J.A. , et al. An a lteration in cort i sol metabo lism in patients with 
Cushing 's Syndrome and bil ateral adrenal hyperplasia. J. Clin. Endocrinol. 23:127, Dec. 
1963. 
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Ta ble 2 . The Effects of Cortisol in Excess as seen in Cushing's Syndrome 

Ty pe 

Carbohydrate 

Protein 

Fat 

Electrolyte 

Cardiovascular 

Hematologic 

Mesenchymal 

Bone 

Central nervous 
system 

Gastrointestinal 

Androgen i c 

Physiologic 

Gluconeogenesis 
I nh i bit peri phera I uti I i­
zation of glucose 

Gluconeogenesis 
I ncreased catabolism 
Decreased anabolism 

Fat deposition 

Sodium retention 

Potassium secretion 

Water diuresis 

"Perm i ssive 11 for 
pressor agents 

Lysis of lymphoid tissue 
? Stimulation of marrow 

Destruction of eosinophi Is 
Stimulate erythropoiesis 

I nhibit fibroblast 
formation 
Anti-inflammatory action 

Decrease carti !age 

I nhi bi t osteoblastic 
activity 
Decrease calcium de­
position 

Lower excitation threshold 

( ? Other effects) 

I ncrease gastric secretion 

Vi r i I i zat ion 

Pathologic 

Abnormal G.T.T. 
Hyperglycemia 

Negative nitroge n balance 

Frequency 

85% 
33% 

Muscle wasting and weakness 74% 
Thinning of skin (striae) 60% 
Plethora 77% 
Osteoporosis 58% 

Obesity , moon facies 
Centripetal redistribution 

? Premature atherosclerosis 

Hypertension 
Edema 
Hypernatremia 

Hypokalemia 
Metabolic alkalosis 

Polyuria 

? Hypertension 

Lymphopenia 
Neutroph i I i a 
Eos i no pen i a 
Polycythemia 

Delayed wound healing 

Reduced resistance to 
infection 
Masked inflammation 
Retardation of growth 

Osteoporosis 

Rena I ca I c u I i 

Psychoneurosis 
Euphoria 
Psychosis 
Headache 

Pe pt i c u I ce r 

Hirsutism 
Acne 
Amenorrhea 

88% 
86% 

85% 
57% 
34% 

15% 
70% 

32% 

85% 

66% 
50% 
90% 
20% 

35% 

15% 

58% 

20% 

50% 
46% 

5% 
40% 

73% 
54% 
77% 

------- ----------------- ------------------------------------ ----------------- ----- ------ -- --



(43 ) 
(20) 
(44) 
(45 ) 
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D. The clinical feat ures of Cush i ng's Syndrome (Table 2). 

I. Init ial s i gns and symptoms (order of frequency): 
amenorrhea, obesity, viri I ism, moon facies, hypertension, edema, striae. 

2 . Present ing signs and symptoms (order of frequency): 
moon fa c ies , obesity, hyperte ns ion, plethora, amenorrhea, fatigue, hirsut ism, 
weakness, striae, easy bruis ing, osteoporosis, edema, buffalo hump, acne, 
ecchymoses. 

3. Cou r se of t he disease i f untreated. 

a . Spontaneous remission rarely occurs. 

b. Cause of death (order of frequency) : 
i nfection, cardiac failure, CVA, renal failure. 

4 . Les s common ma nifestations. 

a, Feminization in males (usual ly with carcinoma). 

b. Peripheral neuropathy (Case VI) . 

c. Pregnancy. 

Soffer, L .J., et al. 
Plotz, C.M. et al. 
Soffer , L .J. , et al. 
Kre i nes, K., et al . 

Cushing's Syndrome. Am . J. Med. 30:129, 1961. 

The Human Adrenal Cortex. Lea and Febiger, Phi !adelphia, 1961. 
Pregnancy in Cushing's Syndrome. J. Clin. Endocrinol. 24 : 75, Jan.l964. 

Althoug h spec if ic laboratory tests are usually neede~ in one-half the patients suspected of 
Cushing' s Syndrome, the diagnosis can be confirmed or excluded with a high degree of confidence 
and wi th an accuracy far great er than that provided by simple steroid screening tests such as 
single plasma or 24-hou r urine 17-hydroxycorticoid determinations. 
(46) Nugent, C.A., et al. Probability theory in the diagnosis of Cushing's Syndrome. J. 

Cl in. Endocrino l. 24 :621, July 1964. 

From t heir a nalys is of 21 I patients in whom the diagnosis was suspected, the following features 
were of greatest value in d iagnosis. 

Osteoporosis 
Weakness (ceep knee 
Generalized obesity 
Ecchymoses 
Hypoka lemia 
Centra l obesi t y 
Pl ethora 

~~i th 

bend ) 

Cushing's 
64% 
65% 

3% 
53% 
25% 
90% 
82% 

Without Cushing's 
3% 
7% 

62% 
6% 
4% 

29% 
31% 



These feat ures were of les s value : 

Acne 
Striae 

With 

Hypertens ion (diastolic > 105) 
Edema 
Leucocytos i s 
Hirsutism 
0 I i gomenorrhea 
Hematocrit > 49 
Abnorma l GTT 
Headaches 

Case IV. "Typ i ca I' Cushi ng 1 s Syndrome . 

Cushing's 
52% 
46% 
39% 
38% 
58.% 
50% 
72% 
37% 
88% 
41% 
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Without Cushing's 
24% 
22% 
17% 
17% 
30% 
29% 
51% 
32% 
77% 
37% 

   is a 23-year-old  woman, referred to Gyn Clinic for amenorrhea 
of 8 months duration . She had gained 40 pounds, with an obvious increase in abdominal girth 
and a "bloated look" to her face . Polyuria, slight facial hirsutism, loss of libido, headaches 
and easy fatig uability had also been noted. 

On admission, she was normotensive, but had a classical Cushingoid appearance with 
striae over the flanks, axi I lae, and breasts. 

Lab work revealed normal CBC, urine, FBS and serum electrolytes. The oral glucose tolerance 
test was a bnormal. Steroid studies revealed: 

Plasma 17-HOCS 0800 1500 After ACTH 
(f..Lg% ) 24 15 55 

Uri ne 17-HOCS Control 0 . 5 Decadron 2.0 Decadron 
(mg/day) II .6-20.8 10 .2 8.2 

Uri ne 17-KS • 12.5 mg/day. 

Bilateral total adrenalectomies were performed with the removal of hyperplastic glands 
weighing 7 and 8.5 grams. The patient was discharged on 30 mg cortisol and 0.1 mg Florinef 
per day. She returned once, feeling weak and nauseated and the dose of cortisol was increased 
to 40 mg per day. She has not been heard from since. 

Case V. "Early" Cushing 's Syndrome. 
., a 52-year-old  male, was admitted to , because of compression 

f ractures of L-1 and L-3 from severe osteroporosis. He had experienced low back ache for 4 
years and weakness in both legs for about 6 months. His arms and legs had become thinner but 
no other changes in his bod y features were noted. On admission, the blood pressure was 160/100, 
the trunk was somewhat obese compared to the extremities and one smal I striae was found over 
the tower abdomen. 

Lab work revealed normal CBC, urine, serum electrolytes and calcium. Steroid values were: 

Plasma 17-HOCS 8 A.M. 4 P.M. 
(f..Lg% ) 30.1 22.0 

Urine 17-HOCS Control 0.5 Dex 2 ~0 Dex 
(mg/24 hr) 22 r5 14 .5 4 .I 

Urine 17- KS 22 . 7 16 .6 9. ' 
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Bilateral total adrena lectomies were performed. The adrenals weighed 7.7 and 10 .9 grams 
and d isplayed di ffuse cort i cal hyperp las ia. 

Case V~. Cush ing 's Syndrome with Diabetes and Peripheral Neuropathy. 
   is a 33-year-o ld  woman who rather rapidly developed marked weak­

ness of the r ight leg i n 1960 . Dia betes was diagnosed, but the weakness increased and invol ved 
the left leg as wei I . Dur ing the next year, classica l features of Cushing's Syndrome appeared 
and the d iagnosis was made in  196 1. 

Initial therapy was pituitary irradiation (4,000 r ) which was followed by a definite 
cl i nica l and laboratory remission. However, the features of Cushing's reappeared about 6 
mont hs later and bilateral adrenalectomies ·were per formed in late 1963. The adrenals were hyper­
plast ic , microscopica l ly, but we ighed only 4.0 grams each. On substitution therapy of 25 mg 
of cortisol and 0.2 mg of Flori nef, she has noted virtually complete disappearance of the stigma 
of Cushing's Syndrome , improvement of .the per i pheral neuropathy and return of the blood sugar 
to norma l . 

Represe ntative steroid values: 
!Jrine 17-HOCS (mg Lda:i 2 Plasma 17-HOCS (l,!g~2 
Control 0.5 Dex 20 Dex 8 A.M . 5 P.M. 

 (before X-ray 
Rx ) 13.6 7 .4 3.5 34.0 

 (3 mos. after 
X-ray) 7.0 15.2 

 (6 mos. after 
X-ray) 14.9 34.3 

 14.0 24. 1 18.7 
 14.5 2 .4 0.6 
 14.8 4 .7 4.8 32.6 
 15.4 4.5 3.3 

E. Laboratory procedures. 

I • Basa I stud ies • 

a. ' Hypoka lemia and alkalosis in patients with marked ly elevated cortisol 
levels. 

b. Uri nary 17-ketosteroids of I ittle value. 

c . Uri nary 17-hydroxycorticoids best routinely available procedure for con­
f irmat ion, but 

I) Obes i ty, thyrotoxicosis, drug intake, stress, etc., may give high 
values. 

2) A few patients with Cushing's have normal values. 

d. Plasma 17-HOCS. 

I) Early A.M. level of little value. 

2 ) Look for persistent "high"value in late afternoon or evening. 

e. Urinary free cortisol -more difficult but much more sensitive and specific. 

f. Cortisol secretion rates- even more difficult, but the most definitive 
I I • 
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2. St imulation tests. 

a. ACTH- despite "Harvard's" enthusiasm, of I imited value in diagnosing the 
disease or differentiating the type . 

b. Metopirone- a hard way to obtain ·1 ittle information. 

3. Suppression tests. 

a. Dexamethasone suppression of urinary 17- HOCS excretion has been wei!­
standardized and found to be of great value. 

I) One and preferably 2 control specimens. 

2) 0.5 mg dexamethasone q 6 h for 2 days. 

a) Normal suppresses to below 2.5 mg/day. 

b) Cushing(any type) does not suppress. 

3) 2.0 mg dexamethasone q 6 h for 2 days. 

a) Adrenal hyperplasia suppresses below 50%. 

b) Adrenal neoplasia wi I I not suppress. 

b . Plasma procedure has not been so wei 1-establ ished but is much simpler, 
less expensive and time consuming and has given good results. 

I) Control 7 A,M. - 9 A.M. plasma 17-HOCS. 

2) I .0 mg dexamethasone at 10-1 I P.M. 

3) Repeat 7 A.i•1. - 9 A.M. pl asma 17-HOCS t he next A.M. 

4) Normal - repeat (after dexamethasone) value below 7 ~g%. 

Results of urinary and plasma suppression tests on patients "sus pected" and "proven" to have 
Cushing's Syndrome (PMH). 

!Jr ijlary 17-HOCS ([Tlg/day) P lasmp 17..,HOCS ~1:!9~2 
Control 0 .5 mg dex 2 .0 mg dex ,.:;ontrot I Afte r dex 

29 "sv.opected" I .8- 21 .I 0- 4 . 1 I .4-1 • 7 4 .0-24 .2 0-21 • 7 
(above 12 (below 2.5 in (be low 7 .0 i n 26) 
in 4) 26) 

3 "prove n" 11.6-1 4.9 7.4- 10 .2 3 . 5-8 .2 24.0-3 1 .0 15-1 8 

(47) Ekman, H. , et al. Plasma 17-hydroxycorticosteroids in Cushing's Syndrome. J. Clin. 
Endocrinol . 21:684, June 1961. 

(48) Harris, J.J. and Crane, M.G. Urinary cortisol excretion as a test of adrenal cortical 
function. Metabol . 13:45, Jan. 1964. 

(49) Beisel, W.R., et al. Physiology of urinary cortisol excretion. J. Clin. Endocrinol. 
24:887, Sept. 1964. 

(50) Cope, C.L. and Black, E.G. The reliability of some adrenal function tests. Brit. M.J. 
2: I I I 7, Nov. 28, 1959. 

(51) James, V.H.T. and Caie, E. Determinations of urinary 17-hydroxycorticosteroids and their 
relation to cortisol secretion. J. Clin. Endocrinol. 24:180, Feb. 1964. 



(32) 
(52) 

(53) 

(54) 

(55) 

(56) 

(57) 
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Liddle, G.W. 
Slater, J.D .H., eta! 0 Dexamethasone suppress ion test in diagnosis of Cushing's Syndrome. 
Brit. M.J. 1~ 1 584, June 9, 1962. 
Brooks, R.V., et al. Appra i sal of adrenocort ical hyperfunction . Patients with Cushing's 
Syndrome or ' non-endocr i ne" t umors. J . Cl ino Endocrinol. 23:725, Aug. 1963. 
Harden, R.M. and Forrest, A.P.M. Cushi ng' s Syndrome with aty pical biochemi cal results. 
Acta endo. 46~256, June 1964. 
Silverman, S.R., et at. Fa ilure of dexamethasone 
adrenocortica l hyperplas ia i n Cus hi ng's Syndrome. 
Nugent, ~;.A. ~ate of ad rena I cort i so I production 
ACTH. J. Clin. Endocrinol. 23:684, Ju ly 1963. 

s uppression test to indicate bilateral 
J . Clin. Endocrinol. 23:167, Feb. 1963, 

in response to max imal stimulation with 

Borushek , S. and Gold , J . J . Commonly used med ications that i nterfere with routine endo­
cr ine laboratory proced ures. Cli n. Chern. 1 0~41, Jan. 1964. 

F. Differential Diagnosis. 

I o Exogenous obesity. 

2. Pregnancy o 

3o Androgenic excess. 

a. Acquired adrenogen i tal syndrome. 

b. Id iopathic hirsutism. 

c. Polycyst i c ovaries (Stei n-Leventhal ). 

Case VI I. Pregnancy with Hi rsutism. 
   is a 26~year-o l d  woman who was wei I unt i I about I 1/2 years 

before admission, when she began to gain weight (55 pounds i n a year) and developed generalized 
and facial hirsutism. Menses stopped in   1962 . She was evaluated elsewhere in  1962, 
and found to have urinary 17-ketosteroids of 26.8 mg/day and 17-ketogenic ·steroids of 47.1 mg/day. 
A dexamethasone suppression test was done, using 0.75 mg t i d for 3 days, with the urine on the 
third day conta ini ng 17-KS = 10.8 mg and 17-ketogenic steroid= 9.2 mg. 

She was admitted in  1962, and found to have generalized obesity with trunkal predomi­
nance, many str iae and profuse hirsutism. BP: 120/80. 

Lab stud ies revealed a normal CBC , serum electrolytes and blood sugar. Stero id values were: 

Urinary 17-HOCS Plasma 17-HOCS 
· Contro I 0.5 ·dex 8 A.M. 5 P.M. 
3.5 mg/day . 0.7 mg/day 20 Jlg% 9 Jlg% 

The pat ient thought she might be pregnant. A KUB revealed a 6-7 month fetus. She de­
livered uneventfully in Feb. 1963. Thereaf ter, regular menses ret ur ned and the hirsutism was 
of much lesser degree. 
(58) Thomas, J .P. and T.G. Flynn. Adrenal function in normal pregnancy and toxemia. Cl in. 

Sci • 26:69, Fe b. 1964. 
(59) Poidev i n, L.O.S. Striae grav idarum: Their relation to adrenal cortical hyperfunction. 

Lancet 2:436, Sept. 26, 1959. 
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Case VI~!. Congenital Ad renogenital Syndrome. 
 is a 21=year-ol d  woman who had ne i t her menstruated nor developed feminine secon­

dary sexual charact eristics. Alt hough "something wrong" was noted at her birth, no medical at­
tention had been sought unti I her admission here. She had become i ncreasingly hirsute , havi ng 
to shave every day. 

She was short , stocky and covered wi t h hair. No breast development was noted. The 
clitor is was enlarged, but the internal genital ia, though immature, were normal. 

Uri nary steroids were ! 7-ketostero ids of .33 mg I day and 
30 mg of cortisol da i ly, these values tel I to 7.4 and 2.2 mg 
this therapy, menses appeared and breast deve lopme nt began. 
that she was soon to be married. 

pregnanetriol of 25 mg/day . On 
respectively. After 2 months on 
She left tor California and wrote 

(60 ) Brooks·, R.V., et al . Post-pubertal ad renal v i r ilism with biochemical 
congen ita l type of adre nal hyper plasia . Br i t. M.J. I ~1294, Apri I 30, 

disturbance of the 
1960. 

Idiopathic hi rs uti sm may represent am i ld form of acqui red adrenal androgen overacti v ity. 
(61) Lloyd, C.W, et ai. Studies of adrenocorti cal function of women with idiopathic hirsutism ~ 

Res ponse t o 25 units of AC1H. J. Clin . Endocri nol. 23~413, May 1963. 
(62) Kent, J.R., et al. Relat ion of ur i nar y 1 7~ketogenic steroids to Porter=Si lber chromogens 

in certa i n adrenal cortical disorders and " idiopathic" hirsutism. J. Clin . Endocrinol. 
23~828, August 1963. 

Case iX. Polycystic Ovar ies. 
   is a 35=year=ol d  woman who was seen by the Ob-Gyn department 

in 1959 because of secondary amenorrhea. Mi ld fac ial hi r sutism was noted. 

Control 17-ketosteroids and 17=hydroxycorticoids were normal. 

Polycyst ic ovar ies were found at abdom i na ! explorat ion and wedge resections were performed. 
Post operative ly, menses returned and have continued in a regular fashion. 

- Urinary !7-hydroxycor-ticoids measured in October 1964, were 9.8 mg/day with a tal I to 
2,2 mg/day on 0.5 mg of dexamethasone 2 6 h . 

Considerable ev idence i s now ava i !able that ovar ian androgen product ion i s increased in patients 
with the polycyst ic ovary syndrome. Man ifestat ions of androgenic excess are qu ite variable, 
but commonly include amenor r hea and hirsutism. Wedge resection of the ovaries is usually suc­
cessful, presumab ly by decreasing the mass of androgen-producing ti$sue. Ovarian suppress ion 
by progestin=estrogen med ication may be t he best therapy unless pregnancy is desired. 
(63) Leventhal, M.L. and Scommegna, A. Cause of Stein-Leventhal Syndrome. Am. J. Obstet. 

Gy~ec . 87 ~445, 1963. 
(64) Short, R.V. and london, D.R . Defective bi osynthesis of ovarian steroids in the Stein­

leventhal syndrome. Brit. M.J. I ~ 1 724, June 17, 1961. 

G. Therapy. 

I. Bi latera! hy perp lasia . 

a. Surgery . 

I} Subtota!~ Although sti I! done in Boston, not the preferred approach . 

2) Total ~ l i fe-lnng replacement therapy is required thereafter. 

b. Pituitary i rrad iation . 

I ) External X=ray~ With 4,000-4,500 r, 1/3 to 1/2 have remissions. J 
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Soffe r SI!Jggests uni latera ! adrenalect omy and X=ray . Proton beam 
therapy may be even better . 

2~ Pitu itary imp lantati on proced ures~ Gol d - 198 . 

c . Drugs~ Not yet sat isfactory. 

2 . Adenoma - surger·y . 

3 . Carcinoma . 

a . Surgery ,;sua I I y too I ate . 

b. Drugs= o , p1 ~ODD t he best , but oniy pa l iiati ve at best. 

(64 ) Raker, J .W., eta! . Surg ical experience wi· h t he treatment of hypertensi on of Cushi ng's 
Syndrome. Am. J . Surg . 1 07~ 1 53 , Jan . 1964 . 

(65) Roberts, M.S . and lattimer , J .K. The surgica l treatment of Cushing 's Syndrome. J .A.M.A. 
1 75~93 ~ Jan . 14, 1 96 ~. 

(43 ) Soffer , et a I . 
(66 ) Li nfoot, J .A., et al. The alpha part icl e or proton beam i n rad iosurgery of t he pitui t a ry 

gland for Cushing 's d isease . New Eng. J . Med . 269~ 597, Sept. 19, 1963 . 
(67 ) Jo plin, G.F. , et al . Partia l pituitary ablation. lancet 2g!277 , Dec . 9, 1961. 
(68 ) Da nowsk i , T .S., et al . 0 3 p 9 =ODD therapy in Cushing 's Syndrome and in obes ity with 

Cushingoid changes . Am . J. Med. 37g235 , Aug. 1964 . 

II. Exogenous Obes ity . 

A. Adrena l Funct ion fin Obesity. 

I . Basa l values . 

a . Plasma levels are norma l . 

b . Urinary excretion often increased. 

c . Cortisol secretion rates usua ll y increased . 

2. Su ppressi on test s usually normal. 

Obese i ndi viduals usually prod uce more cortisol and excrete more 17-hydroxycortlcoi ds and 
17- ketoster oi ds . When these values are corrected for body sur faces or expressed as per unit 
body we ight , the levels come closer t o the norma l , but may st i I I be elevated . Plasma level s, 
response t o ACTH stimulation and suppression by dexamethasone are usually normal, The best 
way t o be certain is to reduce the patientus we ight and observe a fal I in steroid leve ls . 
(69) Szenas, P. and Pattee , C.J . Studies of adrenocortical functi on in obesity • . . L Clin. 

Endocrinol. 19:344, Mar. 1959 . 
(70) Simk i n, B. a nd Arce , R. Steroi d excretion in obese pat ients with col ored abdominal 

str iae. New Eng. J. Med. 266 g~ 031 , ~ay 17, 1962. 
(71 ) Schte i ngar t , D.E., et al. A comparison of the characteristics of i ncreased _ adrenocor tical 

f unction in obesi t y a nd in Cushing ' s Syndrome " Metabol . 12:484 , June i963. 
(72) Migeon , C. J ., et al . St udy of ad renocortical f unction in obesity . Metabol " J2g 718, 

Aug. 1963. 
(73) Gogate, A.N . and Prunty , F.T.G. Adrena l cortical functi on in "obesity with pink st riae" 

i n the young adult . J . C!in . Endocrine!. 23:747, Aug. J963 . 
(74) Ba i rd, ij .M. Urinary corticosteroid excreti on in obese adults . lancet 2gl022, Nov. 16, e63 . 
( 75 ) Dunke lman , s .s . , et ai. Cortisol metaboli sm in obesity. J . Clin. Endocrinol . 24 g832 , Sept . 

1964. 
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(76 ) Jacobson , G., et al . ~mportance of body character istics in the excret ion of 17-ketosteroids 
and J7-ketogen ic stero ids in obesity. New Eng. J . Med. 271: 65 1, Sept. 24, 1964. 

Case X. Exogenous Obesity . 
    is a 50=year-old  man referred here for evaluation of probable 

Cushing's Syndrome. During the past year, while remaining home during a lay-off from his job, 
he gained over 50 pou nds and noted increas ing weakness, polyuria and occasional pedal edema. 
His face became round and red. A urinary 17-HOCS ~unknown lab) was 53.2 mg/day, a urinary 
17-KS was 16 mg/day. 

On admissi on , he was massive ly and generally obese, but there were no st r iae seen. 
BP = 160/IOO. Musc le strength was normal . 

Lab work revealed normal CBC, urine , and electro lytes. The FBS was 154 mg%. Steroid 
values were 17~KS ~ 15.4 mg /day and: 

Urinary 17=HOCS 
Control 0.5 mg dex 

8.6 I .8 

B. Therapy of Obes i t y. 

I • Diet. 

a . Nibb ling = Gordon reg imen. 

b. Two a day. 

2. Starvation. 

Pl asma 17~HOCS 

8 A.M. 4 P.M. 
21. 5 12 .7 

After dex 
4.9 

Total starvat ion is an effect ive, and if proper ly supe rv ised, safe way to lose weight . A 
sympathet i c physician is probably the next best thing. 
( 77) Gordon, E .s . , et a I • J .A .M .A • 186 : 50, 1963 . 
(78) Seaton, D.A. and Duncan, L. J .P. Treatment of "re fractory obes ity" with a diet of two 

meals per day . La ncet 2:612, Sept. 19 , 1964. 
(79) Bloom, W.L. Fasing as an i ntroduct ion to t he treatment of obesity. Metabo l. 8:214, 

May 1959. -......_ 
(80) Dren i ck, E.J., et al. Prolonged sta rvati on as treatment for severe obes ity. J.A.M.A. 

18 7 ~ I 00, I 964 • 
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