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their third pituitary surgery, 7 patients were cured by bilateral 
adrenalectomy after their fi rst unsuccessful pituitary surgery, 
and 6 patients were cured by bilateral adrenalectomy after their 
second unsuccessful pituitary surgery. 
 Of the 54 patients who were evaluated for Cushing ’ s syndrome and 
determined not to have Cushing ’ s syndrome, 52 were females and 
2 were males. All were Caucasians except for one Hispanic male 
and one Hispanic female. The age range of the non-Cushing ’ s 
patients was 15 – 61 years (median 35 years, p    =    0.33 compared to 
Cushing ’ s syndrome) and BMI was 32.9    ±    8.4   kg / m 2  (mean    ±    SD, 
p    =    0.052). Non-Cushing ’ s patients had some signs and symptoms of 
hypercortisolism prompting the workup, however, their clinical 
stigmata were less impressive, including less weight gain 
[22.0    ±    15.8   kg (mean    ±    SD, p    <    0.006, compared to Cushing ’ s syn-
drome group)]. 
 Most patients with Cushing ’ s syndrome had two or more abnor-
mal cortisol measurements. The exceptions (n    =    6) who were 
diagnosed with Cushing ’ s syndrome with only one type of posi-
tive test of hypercortisolism are patient #17 who had two very 
high night-time salivary cortisol levels, patient #33 who had two 
very high 24-h UFC levels, patient #38 who had 6 high UFC levels, 
patient #39 who had multiple high midnight serum cortisol levels 
and patients #56 and 64 who had 4 high 24-h 17OHS levels. 
 As shown in               Fig.       1a  ,               Table     1  , 59 of 64 (0.92, 95    %  CI: 0.83 –
 0.97) patients with Cushing ’ s syndrome had at least one normal 
(    ≤    4.3   mmol / l) nighttime salivary cortisol. 44 of 64 patients with 
Cushing ’ s syndrome had at least one elevated nighttime salivary 

cortisol (              Fig.       1a  ). As shown in               Fig.       1b  ,               Table 1  , 9 of 53 
(0.17, 95    %  CI: 0.08 – 0.30) patients in whom Cushing ’ s syndrome 
was excluded had at least one elevated (    >    4.3   mmol / l) nighttime 
salivary cortisol and 53 of 53 patients had at least one normal 
nighttime salivary cortisol. 
 As shown in               Fig.       2a  ,               Table     1  , 58 of 66 (0.88, 95    %  CI: 0.78 –
 0.95) patients with Cushing ’ s syndrome had at least one normal 
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     Fig. 1          The 23:00   h salivary cortisol levels performed 1 – 6 times on patients 
with Cushing ’ s syndrome ( a ) and patients determined not to have Cushing ’ s 
syndrome ( b ). Red line indicates upper limit of normal of 4.3   nmol / l  [23] . 
Male subjects are in open diamonds and appear on the right.  

       Table 1       Probability of a patient with Cushing’s syndrome having at least 
one negative test and probability of patient without Cushing’s syndrome 
 having at least one positive test    a  

   Test  Probability of patients with 

Cushing’s syndrome having 

at least one negative test 

(95    %  confi dence interval) 

 Probability having one posi-

tive test in a patient with-

out Cushing’s syndrome 

(95    %  confi dence interval) 

   Salivary  59 / 64    =    0.92  9 / 53    =    0.17 
   cortisol  (0.83, 0.97)  (0.08, 0.30) 
   UFC  58 / 66    =    0.88  12 / 51    =    0.24 
     (0.78, 0.95)  (0.13, 0.37) 
   17OHS  54 / 63    =    0.86  14 / 50    =    0.28 
     (0.75, 0.93)  (0.16, 0.42) 
   Nighttime  31 / 57    =    0.54  11 / 45    =    0.24 
   cortisol  (0.41, 0.68)  (0.14, 0.39) 
   a       A 95    %  confi dence interval is also given   
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   Fig. 2           24-h urinary free cortisol (UFC) performed 1 – 6 times on patients 
with Cushing ’ s syndrome ( a ) and patients determined not to have Cush-
ing ’ s syndrome ( b ). Blue lines indicates upper limit of normal for females 
[34     g / d (94   nmol / d)] and green lines indicates upper limit of normal for 
males [84     g / d (224   nmol / d)] (established by laboratory). Male subjects 
are in open diamonds and appear on the right.  
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 syndrome patients as they were elevated in 9 of 53 patients 
found not to have Cushing ’ s syndrome. 12 subjects with Cush-
ing ’ s syndrome had normal 24-h UFC, but elevated 24-h 17OHS, 
while 13 subjects had elevated 24-h UFC, but normal 24-h 
17OHS, suggesting that both urinary tests are complementary 
and should be performed together to correctly diagnose patients 
with mild Cushing ’ s syndrome. A manuscript comparing sensi-
tivities and specifi cities of the various tests assessing cortisol 
status is in preparation. 
 Although case reports of episodic or periodic Cushing ’ s syn-
drome have been well-described, series on this condition have 
been limited. McCance et   al.  [32]  found episodically evaluated 
serum cortisol levels in 7 of 41 patients with Cushing ’ s disease 
following transsphenoidal surgery. Streeten and colleagues  [33]  
demonstrated intermittent hypercortisolism in 6 of 31 patients 
with Cushing ’ s disease after transsphenoidal surgery. Atkinson 
et   al.  [34]  found cyclic hormonogenesis as assessed by frequent 
cortisol measurements in 5 of 14 patients with Cushing ’ s syn-
drome during a 2-year interval. 
 A few recent papers have described patients with mild Cushing ’ s 
syndrome. Kidambi et   al. reported 11 patients with Cushing ’ s 
syndrome whose cortisol tests were sometimes elevated and 
sometimes normal  [2] . Nunes et   al. reported 12 patients with 
mild recurrent Cushing ’ s disease  [35] . However, neither of these 
reports described a consecutive series and it is unclear whether 
these patients were representative of those seen at these medi-
cal centers, and what percent of the overall Cushing ’ s syndrome 
cohort do these mild cases represent. In contrast, our series 
depicts consecutive patients evaluated in one clinic and demon-
strates that the vast majority of patients have one or more nor-
mal determinations of cortisol status. 
 Do patients with some elevated and some normal free cortisol 
measurements have mild hypercortisolism or episodic hyper-
cortisolism? We postulate that these 2 conditions occur together. 
When cortisol production is near the level of the cortisol-bind-
ing threshold of CBG, only a few measurements that are based 
on detecting elevated plasma free cortisol will be above the nor-
mal range; thus the patient will appear to have episodic hyper-
cortisolism if assays are performed on multiple occasions. 
Similarly, if excess cortisol production is quite infrequent (as in a 
patient with episodic hypercortisolism on rare occasions), then 
fewer assays will be abnormal. As cortisol production increases 
to levels well above the cortisol-binding threshold of CBG, or as 
excess cortisol production becomes more frequent, then most 
assays will show hypercortisolism more frequently when per-
formed on multiple occasions. Thus, mild and episodic hyper-
cortisolism are expected to occur together. 
 It was reported that UFC was better able to distinguish Cush-
ing ’ s syndrome from normal individuals than could 17OHS  [36] . 
The subjects in that study, however, had sustained and substan-
tial hypercortisolemia (UFC range 140 – 7   800    μ g / d; 390 – 21 
850   nmol / d). We suspect that in high cortisol production states, 
the UFC assay would be a better assay to distinguish patients 
with Cushing ’ s syndrome from those without Cushing ’ s 
 syndrome. However, at lower cortisol production rates, the 
17OHS assay may be able to detect mild hypercortisolism in 
some patients with normal 24-h UFC levels as the UFC measure-
ment will increase only mildly until a point of saturation of 
 cortisol binding to CBG is exceeded, while the 17OHS measure-
ments, which are not dependent on cortisol exceeding the 
threshold of binding to CBG, are more likely to be linear with 
cortisol  production. 

 Our fi nding of normal assessments of cortisol in some patients 
could be explained by factors besides the patient being eucorti-
solemic at the time of testing. For example, the urine collections 
may have been incomplete or the salivary tests not collected 
properly. These conditions are unlikely as all subjects were care-
fully instructed on proper collection techniques. Additionally, 
interassay variation may sometimes lead to a normal value in a 
patient who has a mildly elevated value. However, such variation 
was minimized here by consistency of techniques applied to all 
specimens collected; and due to the rigor of our collection meth-
ods and the conformation of complete collection by urinary cre-
atinine measurement, we do not believe that preanalytical 
factors contributed to the high degree of normal cortisol meas-
urements seen in our subjects. 
 Our data demonstrate that if only one test to detect hypercorti-
solism were performed on only one occasion, the majority of 
patients would be excluded from the correct diagnosis. In the 
past, many such patients would have been told by their physi-
cian that they do not have Cushing ’ s syndrome due to normal 
results of just one test. We have recently described poor sensi-
tivity of a single overnight dexamethasone test in detecting 
hypercortisolism in patients with mild or episodic Cushing ’ s 
syndrome  [37] . Thus, our data suggest that current screening 
tests performed once are inadequate to detect or exclude hyper-
cortisolism in patients with mild or episodic Cushing ’ s disease. 
 The major limitation of our study is that it is a retrospective 
analysis of patients in whom the decision to undergo surgery 
was made on clinical grounds along with biochemical tests doc-
umenting hypercortisolemia. This resulted in an uneven number 
of tests per patient. In general, the number of tests was deter-
mined based on clinical suspicion and on the results of initial 
testing. If initial testing showed sustained hypercortisolism, 
then testing stopped and the patient was sent to surgery. Con-
versely, if there was a high degree of clinical suspicion for Cush-
ing ’ s syndrome but initial tests were negative, then testing 
continued until either sustained eucortisolism was found, the 
patient received another diagnosis explaining their symptoms, 
or the patient was lost to follow-up or declined further testing. 
Therefore, the more times a test was done, the more likely it 
would be for a Cushing ’ s syndrome patient to have a normal test 
or for a normal individual to have a positive test. Additionally, in 
the initial determination of hypercortisolism, more weight was 
placed in substantially elevated cortisol measurements than on 
mildly elevated values. Thus, the determination of who had 
Cushing ’ s syndrome was done on clinical and biochemical 
grounds, as it is done in a nonresearch setting. 
 The second caveat is the lack of pathological confi rmation of 
Cushing ’ s disease. Although positive ACTH immunostaining is 
considered the gold-standard for pathological confi rmation of 
Cushing ’ s disease, it is becoming increasingly recognized that 
many patients with confi rmed Cushing ’ s disease do not have 
positive pathology demonstrating an ACTH-staining tumor. For 
example, Kruse et   al. found that in only 58    %  of patients with 
Cushing ’ s disease who were cured by surgery could an adenoma 
be verifi ed  [38] . Lack of pathological confi rmation is thought to 
be due to either the small size of the tumor that is missed by 
sectioning or that some tumors may be lost during surgery (for 
example, in suction) prior to sending to pathology. Tumors as 
small as 0.25   mm in diameter have been demonstrated by serial 
sectioning of hypophysectomy specimens  [39] . These tumors 
are often missed at pathological examination. Additionally, we 
postulate that if the tumor is quiescent at the time of surgery in 






