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Abstract
Background Patients with cortisol secreting adrenal adenomas present with Cushing’s syndrome (CS), while 5–15% of
subjects with adrenal incidentalomas have subclinical hypercortisolism (SH) as they have biochemical abnormalities sug-
gesting autonomous cortisol secretion without associated clinical features of CS.
Goals Examine HPA function immediately after resection of either of these adenomas and utilize the data to decide on
initiating glucocorticoid replacement.
Methods ACTH, cortisol, and DHEA-S levels were measured frequently for 8 h after adrenalectomy in 14 patients with CS
and 19 others with incidentalomas+ SH. Glucocorticoids were withheld before/during surgery and administered 6–8 h
postoperatively to those who had cortisol levels of <3 ug/dL (83 nmol/L).
Results Preoperatively, incidentalomas+ SH patients had larger tumors, higher ACTH, and DHEA-S but lower
dexamethasone-suppressed serum cortisol levels than those with CS. Postoperatively, ACTH levels increased in both
groups: (90.1 ± 31.6; 24.1 ± 14.4 ng/L, respectively; P < 0.001). Postoperative ACTH levels correlated negatively with
preoperative Dexamethasone-suppressed cortisol concentrations in both groups. Patients with CS had steeper decline in
cortisol concentrations than those with incidentalomas+ SH. All patients with CS had hypocortisolemia requiring gluco-
corticoid therapy for several months, while only 5/19 with incidentalomas+ SH had cortisol levels <3 ug/dL;(83 nmol/L)
6–8 h after adrenalectomy and received hydrocortisone replacement therapy for ≤4 weeks.
Conclusions Surgical stress stimulates HPA function even in patients with hypercortisolemia. Patients with incidentalomas
+ SH have incomplete HPA suppression that allows more robust response to surgical stress than that observed in patients
with CS. HPA assessment immediately after surgical resection of adrenal incidentalomas identified those requiring gluco-
corticoid replacement before discharge.
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Introduction

Recent data suggest that 5–15% of patients with inciden-
tally discovered adrenal tumors are shown to have
abnormalities suggestive of autonomous cortisol secretion

even though they present clinically with minimal, if any
clinical features of Cushing’s syndrome and are commonly
described as having subclinical hypercortisolism [1–6].
Although patients with adrenal incidentalomas and sub-
clinical hypercortisolism do not have the classic clinical
features of Cushing’s syndrome, many are obese and some
have metabolic abnormalities such as impaired glycemia,
insulin resistance or frank diabetes mellitus, and hyperten-
sion [1–7] while others have low bone mineral density and
reduced bone quality [8–10], as well as higher incidence of
cardiovascular events [11, 12]. Many of these clinical
abnormalities improve after adrenalectomy [13–17]. When
tested biochemically, patients with subclinical
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hypercortisolism have normal or minimally elevated urinary
free cortisol, low plasma ACTH, an abnormal
dexamethasone-suppressed serum cortisol, and a low serum
DHEA-S levels [1–7, 18].

Laparoscopic adrenalectomy has been the main treatment
option for patients with adrenal tumors. Most studies
addressing the peri-operative management of patients with
adrenal hypercortisolism have reported that irrespective of
how mild the hypercortisolism was, such patients were
given glucocorticoids before, during and after adrena-
lectomy [17, 19–24]. Postoperatively, most studies reported
that glucocorticoids are continued for weeks to months
before attempts were made to test for recovery of HPA
function [19–25]. However, a recent study [25] followed a
protocol whereby peri-operative glucocorticoids were not
administered until the morning after adrenalectomy if the
serum cortisol was concentration that was <5 ug/dL
(138 nmol/L) and/ or when Cosyntropin-stimulated level
was <18 ug/dL (497 nmol/L).

Variability also exists among institutions in the peri-
operative management of another cause of hypercortisolism,
namely, that of patients with ACTH-secreting pituitary
adenomas. In managing the latter group of patients, we have
followed a protocol over the past 30 years whereby gluco-
corticoid therapy is withheld until documentation of hypo-
cortisolism is established [26–30]. The approach offered us
the opportunity to examine peri-operative hormonal altera-
tions and demonstrate their importance in predicting need
for replacement therapy, as well as future recurrences [26–
30].

In the current investigation, we explored the value of
extending the approach followed in patients with cortico-
troph adenomas [26–30] to patients with adrenal hyper-
cortisolism. The primary goal of the study was to examine
rapid alteration in HPA function in patients with pre-
sumably suppressed axis and appreciate the modulating
impact of surgical stress in that setting. We postulated that
surgical stress is a powerful stimulus for HPA activation
even in patients with hypercortisolism. We also postulated
that patients with subclinical hypercortisolism will have a
more robust activation of the HPA axis such that some may
not require postoperative glucocorticoid replacement
therapy.

Patients characteristics, methods, and study
design

This is a prospective observational study that included two
groups of consecutive patients who had unilateral laparo-
scopic adrenalectomy for the removal of cortisol secreting
adenomas. One group had classic clinical features of
Cushing’s syndrome while the other presented with adrenal

incidentalomas who were demonstrated on subsequent
biochemical testing to have alterations in HPA function that
are detailed below. None of the patients received exogenous
glucocorticoids during the year preceding their evaluation
nor were they taking medications or had other illnesses that
could influence HPA function or serum cortisol measure-
ments [31]. The study was approved by the Institutional
Research Board of UH Cleveland Medical Center and
informed consent was obtained from participants. Since
serum DHEA-S levels are gender and age-dependent, we
obtained data on 94 healthy subjects with similar age and
gender distribution who served as a control group.

Patients with incidentalomas and subclinical
hypercortisolism

This group of patients (n= 19) represent consecutive sub-
jects who underwent surgical adrenalectomy for a unilateral
adrenal mass that was incidentally discovered on imaging
studies performed for various clinical indications. The
protocol followed at our institution in evaluating patients
with adrenal incidentalomas included the following clinical
and biochemical assessments and was applied to all enrolled
subjects. Clinical evaluation of patients enrolled in this
study showed that none had a history of malignant disease
but some had hypertension (n= 10/19), diabetes/impaired
glucose tolerance (n= 6/19), and all were overweight or
clearly obese (BMI: 28-44 kg/m2) and in 8/19 the obesity
was central. None of these patients had myopathy, purple
striae, or supraclavicular fat fullness while some had pos-
terior fat fullness on physical examination. All had normal
24-h urinary and/or plasma metanephrines. Screening tests
for hyperaldosteronism among those who had hypertension
(N= 10) and/or unprovoked hypokalemia (n= 1) were also
negative. All patients had the one-mg overnight dex-
amethasone suppression test after having completed a 24-h
urinary free cortisol and creatinine determination. Plasma
ACTH, serum cortisol and DHEA-S levels were obtained
before and the morning after dexamethasone administration.
Adequate absorption and/or metabolism of dexamethasone
was confirmed by measuring its serum level (>5.6 nmol/L)
in all patients.

Subclinical hypercortisolism was defined on the basis of
biochemical characteristics and the lack of prominent clin-
ical features of hypercortisolism that included plethora,
myopathy, supraclavicular fat pad, thin skin, ecchymosis
and unexplained osteoporosis, or bone fractures. The bio-
chemical characteristics defining subclinical hypercortiso-
lism included a baseline plasma ACTH of ≤20 ng/L, a low
or low-normal age-adjusted and gender-adjusted serum
DHEA-S level and a normal or minimally elevated 24 h
urinary free cortisol excretion (<60 ug/day; 165 nmol) in
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addition to a dexamethasone-suppressed serum cortisol of
>1.8 ug/dL (50 nmol/L). Individual data on the 19 patients
with subclinical hypercortisolism are shown in Fig. 1.
Review of the CT scan on all patients showed that none had
demonstrable abnormalities in the contralateral adrenal
gland. The decision to proceed with adrenalectomy in this
group was based on tumor size (>4 cm) and/or increased
urinary free cortisol (>50 ug/gm creatinine; 138 nmol).

Patients with classic adrenal Cushing’s
syndrome

The 14 patients in this group presented with clinical features
highly suggestive of hypercortisolism and their biochemical
and imaging data were consistent with unilateral adrenal
tumors. Their clinical manifestations included: unexplained
weight gain (n= 14/14), hypertension (n= 13/14), dia-
betes/impaired glucose tolerance (n= 8/14), myopathy (n
= 12/14), plethora (11/14), osteoporosis/fractures (n= 4/
14), and impaired gonadal function (n= 12/14) and 10/14
had striae while 11/14 had prominent supraclavicular fat
pad.

Biochemical evidence for hypercortisolism in this group
of patients included a low baseline plasma ACTH of
<10 ng/L, a low age and gender- adjusted serum DHEA-S
level and an elevated 24 h urinary free cortisol excretion to
>twice the upper limits of normal in addition to a
dexamethasone-suppressed serum cortisol of >1.8 ug/dL
(50 nmol/L).

Peri-operative management protocol

The protocol followed in the current study was modified
from the one established in patients undergoing surgical
resection of ACTH secreting pituitary adenomas [28–30]
and stipulated that glucocorticoids were not administered
before and during adrenalectomy. Blood samples were
drawn before and at one, 2, 4, 6, and 8 h after adrena-
lectomy while patients were frequently evaluated clinically
and biochemically for evidence for adrenal insufficiency.
Blood samples were sent for the determination of plasma
ACTH, serum cortisol and DHEA-S levels. Results of
serum cortisol levels were usually available within 1–3 h
whereas those of ACTH and DHEA-S were not immedi-
ately reported. Hydrocortisone was administered to patients
with clinical symptoms (hypotension, tachycardia) and / or
those who had serum cortisol levels of ≤3 ug/dL (83 nmol/
L) during the first 8 post adrenalectomy hours. Patients
whose serum cortisol levels remained at ≥5 ug/dL
(138 nmol/L) by the 8th postoperative hour were monitored
clinically and continued without any glucocorticoid therapy
while another blood sample obtained the morning after
surgery. Patients with a serum cortisol of >3 ug/dL
(83 nmol/L) but less than 5 ug/dL (138 nmol/L) at the 8th
postoperative hour were monitored for 4–12 additional
hours and were started on hydrocortisone therapy if they
have symptoms of adrenal insufficiency or if their serum
cortisol remained below 5 ug/dL (138 nmol/L).

Pharmacokinetic data analysis

In light of the minimal rise in plasma ACTH after adrena-
lectomy in patients with Cushing’s syndrome, the expected
increase in serum cortisol from the contralateral adrenal is
presumed to be negligible or even non-existent (please see
below under the results section). That offered a unique
opportunity to estimate the endogenous plasma cortisol
half-life. We calculated volume of distribution and plasma
half-life of cortisol in the circulation using published
methods [32]. We first plotted cortisol concentrations
against time and then calculated the area under the curve for
each subject. We also plotted the log-transformed cortisol
levels against time and estimated the slope of the regression
line to determine the elimination rate constant. The half-life
was calculated by dividing loge2 (0.693) by the elimination
constant.

Laboratory analysis

Plasma ACTH, as well as serum cortisol and DHEA-S
concentrations were measured using standard established
methods as described recently. Plasma ACTH and DHEA-S
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Fig. 1 Individual preoperative data on 19 patients with adrenal inci-
dentalomas and subclinical hypercortisolism. Shown here are baseline
plasma ACTH in ng/L (left column), Post-dexamethasone serum
cortisol (middle column) and baseline serum DHEA-S levels (right
column). All patients had a plasma ACTH of <20 ng/L and a post-
dexamethasone level of >1.8 ug/dL along with low age and gender
adjusted serum DHEA-S levels. To convert plasma ACTH levels from
ng/L to pmol/L multiply by 0.222. To convert serum cortisol levels
from ug/dL to nmol/L multiply by 27.59. To convert serum DHEA-S
levels from ug/dL to umol/L multiply by 0.027
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values below the assay detectability limits (<5 ng/L and
<15 ug/dL, respectively) were included as being 4 ng/L and
14 ug/dL, respectively. Serum dexamethasone levels were
measured by Lab Corporation of America, Burlington, NC.

Statistical analysis

Data are presented as mean ± standard deviation (SD),
unless stated otherwise. The peri-operative data in each
group were first analyzed using the Kruskal–Wallis test, as a
non-parametric alternative to analysis of variance test and
then comparisons between groups were done using the
Wilcoxon Rank Sum test for non-parametric measurements.
Categorical data were compared using Chi square and
Fisher exact tests. Differences were considered significant
when the two-sided P-values were less than 0.05. All data
analyses were made using the SPSS program.

Results

Pre-operative data

The preoperative data on all patients are illustrated in Table
1. Individual data on the 19 patients with subclinical
hypercortisolism are shown in Fig. 1. Both groups of
patients had low serum DHEA-S levels (P < 0.001) as
compared to similar values observed in the healthy age-
matched and gender-matched subjects. When compared to
those with Cushing’s syndrome, patients with subclinical
hypercortisolism had larger tumor sizes, higher preoperative

ACTH and DHEA-S but lower dexamethasone-suppressed
serum cortisol levels (Table 1).

Peri-operative data

Clinically, all patients in both groups did well and none had
any clinical signs or symptoms to indicate adrenal insuffi-
ciency. Plasma ACTH and serum cortisol levels on the two
groups of patients are illustrated in Fig. 2

In patients with classic adrenal Cushing’s syndrome,
plasma ACTH levels increased to variable degrees ranging
from 8 to 43 ng/L with a mean 24.2 ± 14.1 and a median of
24 ng/L an hour after adrenalectomy and declined quickly
thereafter to low or undetectable levels (Fig. 2). Serum
DHEA-S levels in patients with Cushing’s syndrome
declined further after adrenalectomy and were undetectable
by the 8th postoperative hour.

Serum cortisol levels in all patients declined gradually
over the 8 h of evaluation after adrenalectomy (Fig. 2)
although the decline was steeper in those with Cushing’s
syndrome. Importantly, one hour after adrenalectomy,
serum cortisol levels deceased in every patient with Cush-
ing’s syndrome with the respective mean values declining
from 19.9 ± 1.9 to 15.7 ± 3.1 ug/dL; 554 ± 50 vs. 432 ±
66 nmol/L; (P < 0.001). All such patients had serum cortisol
levels of <3 ug/dL (83 nmol/L) by the 6th hour and <2 ug/
dL 55 nmol/L) by the 8th hour after adrenalectomy at which
time hydrocortisone therapy was initiated.

Plasma ACTH levels increased after adrenalectomy in all
patients with subclinical hypercortisolism and ranged from
55 to 194 with a mean of 90.1 ± 28 and a median peak level

Table 1 Patients clinical and
biochemical characteristics

Classical
Cushing’s
syndrome

Incidental adrenal adenoma
with subclinical
hypercortisolism

P value
between the
two groups

Healthy
subjects

Total number 14 19 94

Age 43.7 ± 8.5 48.6 ± 9.1 0.13 45 ± 9

Gender: F/M 10/4 12/7 0.21 59/35

Tumor size (cm) 3.4 ± 0.5 5.1 ± 0.7 <0.001 N/A

Pre-operative baseline hormone data

Serum cortisol (ug/dL) 19.9 ± 3.2* 18.8 ± 2.4* 0.15 11.7 ± 3.6

Plasma ACTH (ng/L) 4.9 ± 1.1* 13.5 ± 2.4 <0.001 27 ± 6

Serum DHEA-S (ug/dL) 18.8 ± 5.3* 35.7 ± 13.4* <0.001 89.8 ± 15

As % of the lower limit of
age/ gender- adjusted
normal values

35.1 ± 10.7 % * 76.2 ± 22.9%* <0.001 169 ± 36 %

24-h urinary free cortisol
(ug/gm Creatinine)

144.2 ± 61.1 47.7 ± 8.2 <0.001 N/A

AM serum cortisol (ug/dL)
after 1 mg dexamethasone

8.5 ± 2.4 4.1 ± 0.8 <0.001 N/A

N/A Not applicable or not available
*P < 0.001 as compared to healthy subjects
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of 87 ng/L declining slowly thereafter to levels that were in
the 10–20 ng/L range by the 8th hour (Fig. 2). Serum
DHEA-S levels in patients with subclinical hypercortiso-
lism did not change during the 8 postoperative hours. The
decline in serum cortisol levels was slower and less steep
when compared to that observed in patients with Cushing’s
syndrome. (Fig. 2). At the 6th–8th postoperative hours only
5/19 patients with subclinical hypercortisolism had serum
cortisol levels at ≤3 ug/dL (83 nmol/L) and these 5 were
started on hydrocortisone therapy. At the 8th postoperative
hour serum cortisol levels were ≥5 ug/dL (138 nmol/L) in
12 of the remaining 14 subjects and ≥4.4 (121 nmol/L) in 2
additional subjects, who had levels >5 ug/dL (138 nmol/L)
on subsequent testing 4–12 h later. All of the latter 14 sub-
jects remained without glucocorticoid supplementation.

The 5 subjects who developed adrenal insufficiency after
adrenalectomy had higher preoperative urinary free cortisol
excretion (53.6 ± 5.7 vs. 44.3 ± 6.1 ug/gm creatinine;
143.5 ± 18 vs. 127.1 ± 16.4 nmol/L, respectively; P=
0.023) but similar dexamethasone-suppressed serum corti-
sol levels (4.2 ± 1.1 vs. 3.9 ± 1.1 ug/dL; 113 ± 32 vs. 105 ±
39.5 nmol/L, respectively; p= 0.11) as compared to the 14

who did not. However, peak postoperative plasma ACTH
levels were lower (P < 0.01) in the 5 subjects who devel-
oped adrenal insufficiency with levels ranging from 55 to 67
and a mean of 61.4 ± 5.6 ng/L as compared to the 14 who
did not who had ACTH plasma concentrations levels ran-
ging from 65 to 194 with a mean of 96.4 ± 29.9 ng/L.

The data depicting the relationship between the pre-
operative dexamethasone-suppressed serum cortisol levels
and postoperative plasma ACTH in all patients are illu-
strated in Fig. 3. There was a strong negative correlation
between the dexamethasone-suppressed serum cortisol and
the postoperative rise in plasma ACTH following surgery
observed within each group (Fig. 3) although the line
depicting the relationship was steeper in patients with
subclinical hypercortisolism.

Estimation of cortisol plasma half-life

The minimal rise in plasma ACTH after surgery in patients
with Cushing’s syndrome suggested that there was negli-
gible new cortisol secretion from the contralateral gland.
The rapid decline in serum cortisol level one hour after
adrenalectomy is supportive of our contention. The graph
depicting the relationship between serum cortisol vs. time in
patients with Cushing’s syndrome was a straight line even
when the concentration reached low values; suggesting lack
of interference of other steroids in the cortisol assay. This
offered the unique opportunity to calculate the endogenous
cortisol serum half-life. As illustrated in Fig. 4, plasma half-
life of cortisol ranged from 1.31 to 2.51 h with a mean of
1.74 ± 0.34 and a median of 1.67 h. Figure 4 also illustrates
the significant positive relation between the calculated
plasma half-life and the preoperative serum cortisol.
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Fig. 2 Top Panel: Plasma ACTH levels measured immediately after
unilateral adrenalectomy in patients with adrenal Cushing’s syndrome
(CS) and others with incidentalomas and subclinical hypercortisolism
(SH). Plasma ACTH levels measured on all occasions were lower in
patients with CS than in those with SH. To convert plasma ACTH
values from ng/L to pmol/L multiply by 0.222. Lower Panel: Serum
cortisol levels measured immediately after unilateral adrenalectomy in
patients with adrenal Cushing’s syndrome (CS) and others with inci-
dentalomas and subclinical hypercortisolism (SH). Serum cortisol
levels measured at one hour and at all the times thereafter were lower
(P < 0.001) in patients with CS than the comparable values in those
with SH. To convert serum cortisol values from ug/dL to nmol/L
multiply by 27.59
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Clinical data/ follow up management

The final pathology on all patients was consistent with
adrenal adenoma.

Patients with Cushing’s syndrome were started on
hydrocortisone therapy at the 6th–8th postoperative hour
and the dose was tapered slowly over several months as
described earlier in other patients with ACTH-dependent
Cushing’s [26–30]. Hydrocortisone therapy was required
for 7–14+ months with a mean of 9.3+ and a median of
9.8 months. As stated earlier, 5/19 patients were discharged
home on hydrocortisone therapy while the remaining 14 did
not receive postoperative glucocorticoids. Serum cortisol
levels were measured weekly in the 5 subjects who were
treated with hydrocortisone. Such measurements were
obtained 24-h after the last oral dose of exogenous hydro-
cortisone. Glucocorticoid therapy was tapered quickly in the
latter 5 subjects and discontinued within 4 weeks of sur-
gery. When tested 8–13 weeks after adrenalectomy, all
19 subjects have normal AM cortisol (12.2 ± 1.1 ug/dL;
338 ± 35 nmol/L), normal plasma ACTH (27 ± 7 ng/L) but
their serum DHEA-S levels were still low (33.6 ± 12 ug/dL)
and similar to their respective preoperative values. Patients
with a baseline serum cortisol of ≤10 ug/dL (280 nmol/L)
had a normal response to Cosyntropin stimulation (n= 7).
Dexamethasone suppression testing was repeated during the
first 6 postoperative months in 11/19 and all had serum
cortisol levels of <1.8 ug/dL (50 nmol/L).

Discussion

The study provided detailed and unique set of data after
unilateral adrenalectomy in patients with adrenal Cushing’s
syndrome and others with incidentalomas and subclinical
hypercortisolism. To our knowledge, this would be the first

thorough investigation of HPA alterations in these patients
conducted according to an established protocol that avoids
the confounding effects of exogenously administered glu-
cocorticoids. The study offered an opportunity to appreciate
the variations in the HPA response to a powerful stimulus in
patients with different degrees of HPA suppression and the
chance to estimate endogenous cortisol plasma half-life.

Multiple studies from our institution and others demon-
strated that the postoperative period is a potent stimulus for
HPA activation [33–36]. The current study supplement our
own data on the perioperative alterations in HPA function in
patients with ACTH secreting pituitary adenomas after
pituitary adenomectomy [29, 30]. In the latter studies, we
demonstrated that within the first few hours following
resection of corticotroph adenomas plasma ACTH increased
slightly but significantly before it started to decline reaching
low levels by 24 h [29, 30]. We believe, the postoperative
period is a powerful stimulus for HPA activation even in
subjects whose axis is somewhat suppressed by endogenous
hypercortisolism. It was of interest to note that the mean
incremental rise in plasma ACTH that was observed after
corticotroph adenomectomy (25.5 ± 9 ng/L) was very simi-
lar to that observed in patients with adrenal Cushing’s
syndrome (21.4 ± 4 ng/L). These values should be con-
trasted with the incremental increase in plasma ACTH
(74.8 ± 13 ng/L) observed in patients with subclinical
hypercortisolism and that reported earlier (201.5 ± 98.8 ng/
L) in subjects with normal HPA function [34, 35].

The decline in serum cortisol in patients with Cushing’s
syndrome was rapid and consistent with its known plasma
half-life [32]. In point of fact all 14 patients with Cushing’s
syndrome had serum cortisol levels of ≤3 ug/dL (83 nmol/L)
6 h after the procedure. This should be contrasted with what
was observed in patients with Cushing’s disease following
corticotroph adenomectomy where it took over 30 h on
average to reach such low cortisol levels [29, 30]. We
believe the reason behind that was the fact that patients with
Cushing’s disease had two hyperplastic adrenal gland that
could respond to the endogenous ACTH surge noted after
surgery [29, 30]. The higher transient surge in plasma
ACTH levels observed after adrenalectomy in patients with
incidentalomas and subclinical hypercortisolism would
explain the slower decline in serum cortisol in these patients
as compared to others with Cushing’s syndrome.

The current investigation demonstrated that patients with
subclinical hypercortisolism did not have a completely
suppressed HPA function as they mounted a robust
response to the surgical stress. This was clinically relevant
as it indicated, as was demonstrated in the study that the
majority of patients with subclinical hypercortisolism did
not require postoperative glucocorticoid therapy while such
therapy in the minority of these patients was necessary for
only a short period of time. It becomes evident that patients
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with subclinical hypercortisolism had variable degrees of
HPA suppression that would dictate whether the need for
postoperative hydrocortisone supplementation. The data
indicate that among patients with subclinical hypercortiso-
lism, those who had relatively higher preoperative urinary
free cortisol excretion had less activation of their HPA axis
as determined by the postoperative rise in plasma ACTH
levels. The relatively modest increase in plasma ACTH after
adrenalectomy in the latter group of patients predicted the
need for glucocorticoid replacement after surgery. In light
of the small number of subjects with subclinical hypercor-
tisolism who developed postoperative adrenal insufficiency
and the overlap in values within that group it would be hard
to set a cutoff level predicting need for glucocorticoid
replacement. Earlier studies examined potential pre-
operative data that could predict the development of adrenal
insufficiency after adrenalectomy [19, 24, 37–39]. While
one study found it hard to predict the development of
adrenal insufficiency, others suggested that the duration of
glucocorticoid deficiency can be predicted by a combination
of preoperative data that include high urinary free cortisol
excretion, lower plasma ACTH concentrations and a higher
dexamethasone-suppressed serum cortisol levels [19, 27,
37, 38]. An earlier study conducted in a small number of
patients suggested that preoperative CRH testing could
potentially predict postoperative adrenal insufficiency [39].
It is not known whether preoperative Cosyntropin testing
could achieve that objective.

Published perioperative data on patients with CS and
those incidentalomas and hypercortisolism are limited as
most reports have included patients who received gluco-
corticoids. However, in one study, glucocorticoid therapy
was withheld until the morning after adrenalectomy [25] at
which time treatment with hydrocortisone was initiated in
those who had a baseline serum cortisol level of <5 ug/dL
(138 nmol/L) and/or a peak response to Cosyntropin of
<18 ug/dL (497 nmol/L). In reviewing the data included in
that study one can appreciate significant heterogeneity in
enrolled subjects whereby some clearly had Cushing’s
syndrome (low plasma ACTH and high urinary free corti-
sol) and others had low urinary free cortisol excretion and/
or dexamethasone-suppressed serum cortisol of <1.8 ug/dL;
(50 nmol/L). The extreme heterogeneity in that study makes
it hard to compare to our own investigation.

The decline in serum cortisol levels in patients with
Cushing’s syndrome an hour after adrenalectomy indicated
that the modest rise in plasma ACTH levels did not sti-
mulate significant cortisol secretion from the contralateral
adrenal gland. This provided the opportunity to calculate
plasma half-life of endogenously secreted cortisol in sub-
jects without renal or hepatic dysfunction. The calculated
cortisol plasma half-life in our study was very similar to that
reported in the literature [32]. Importantly, we noted that the

plasma cortisol half-life strongly correlated with the initial
serum concentration at the time of adrenalectomy (Fig. 4).
We believe this was an important observation as it could
have major implications on the interaction between the dose
and frequency of hydrocortisone administration to patients
with deficiency.

Although the data on patients with subclinical hyper-
cortisolism are limited to 19 subjects, we believe our pro-
tocol of avoiding administering glucocorticoid before,
during or immediately after adrenalectomy is safe and
practical as was previously documented in patients under-
going corticotroph adenomectomy [29, 30]. None of the
patients in the current study or in any of the studies on
corticotroph adenomas had any clinical adverse events
related to withholding glucocorticoid therapy in the peri-
operative period. Now that cortisol assays are commonly
utilized in most medical centers, the results should be
available to physicians within a few hours. A blood sample
drawn at 8 h after adrenalectomy in such patients can pro-
vide a relatively quick answer to whether glucocorticoid
therapy is needed or not. A repeat serum cortisol mea-
surement the morning after adrenalectomy would be helpful
in those where the 8 h sample is not over 5 ug/dL 138 nmol/
L). Patients with clear Cushing’s syndrome can be started
on replacement therapy immediately after surgery while
those with subclinical hypercortisolism can await until
documentation of hypocortisolemia is obtained. One
advantage for following this approach even in patients with
adrenal Cushing’s syndrome is that the absence of hypo-
cortisolemia at the 8th post adrenalectomy hour should raise
concern for persistent disease as would expect in patients
with metastatic adrenal carcinoma.

The results of serum cortisol levels might not as imme-
diately available in some medical centers. One option to
follow in such situations would be to avoid glucocorticoid
replacement until the 8th postoperative hour at which time a
blood sample is obtained before instituting therapy. A data-
driven decision can be made at a later stage when the result
becomes available. Although we believe that obtaining
plasma ACTH levels at 1–2 h after adrenalectomy would be
extremely helpful, we recognize that such measurement
would not as practical as that of cortisol since many centers
may not have the facilities to perform the assay on the
former hormone in a timely manner.

In summary, the current study demonstrate that the stress
of the peri-operative period is powerful enough to activate
the HPA axis even in patients with endogenous hypercor-
tisolism. Activation of the HPA axis in this setting is
dependent on the degree of excessive cortisol secretion and
thus, surgical resection of an incidental adrenal mass asso-
ciated with subclinical hypercortisolism would not require
glucocorticoid therapy in most patients. Monitoring cortisol
and ACTH levels in the peri-operative 8 h after
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adrenalectomy in the latter group of patients can identify
those who might need short term glucocorticoid therapy.
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