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Context: Successful tumor resection in endogenous Cushing’s syndrome (CS) results in tertiary
adrenal insufficiency requiring hydrocortisone replacement therapy.

Objective: The aim was to analyze the postsurgical duration of adrenal insufficiency of patients
with Cushing’s disease (CD), adrenal CS, and ectopic CS.

Design: We performed a retrospective analysis based on the case records of 230 patients with CS
in our tertiary referral center treated from 1983–2014. The mean follow-up time was 8 years.

Patients: We included 91 patients of the three subtypes of CS undergoing curative intended surgery
and documented followup after excluding cases with persistent disease, pituitary radiation, con-
current adrenostatic or somatostatin analog treatment, and malignant adrenal disease.

Results: The probability of recovering adrenal function within a 5 years followup differed signif-
icantly between subtypes (P � .001). It was 82% in ectopic CS, 58% in CD and 38% in adrenal CS.
In the total cohort with restored adrenal function (n � 52) the median time to recovery differed
between subtypes: 0.6 years (interquartile range [IQR], 0.03–1.1 y) in ectopic CS, 1.4 years (IQR,
0.9–3.4 y) in CD, and 2.5 years (IQR, 1.6–5.4 y) in adrenal CS (P � .002). In CD the Cox proportional-
hazards model showed that the probability of recovery was associated with younger age (hazard
ratio, 0.896; 95% confidence interval, 0.822–0.976; P � .012), independently of sex, body mass
index, duration of symptoms, and basal ACTH and cortisol levels. There was no correlation with
length and extend of hypercortisolism or postoperative glucocorticoid replacement doses.

Conclusions: Time to recovery of adrenal function is dependent on the underlying etiology of CS.
(J Clin Endocrinol Metab 100: 1300–1308, 2015)

Endogenous Cushing’s syndrome (CS) is rare with an
estimated incidence of 1–3 patients per million per year

(1). CS describes a group of diseases that have an excess
secretion of glucocorticoids in common followed by a char-
acteristic clinicalphenotype. In70%ofcases, the causeofCS
is an ACTH-producing adenoma of the pituitary gland

(Cushing’s disease [CD]). In approximately 5% of cases, CS
is caused by ectopic ACTH production (ectopic CS), mainly
by neuroendocrine lung carcinoids. The third subtype is
ACTH-independent, CS, accounting for approximately
25% of cases, either by a cortisol-producing tumor or by
bilateral hyperplasia of the adrenal glands (adrenal CS) (1).
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First-line therapy of CS is the resection of the underly-
ing tumor in all three subtypes. Removal of the tumor is
invariably followed by tertiary adrenocortical insuffi-
ciency and the need for glucocorticoid replacement ther-
apy. Adrenal insufficiency originates from the suppression
of the hypothalamic CRH-producing cells by chronic glu-
cocorticoid excess which consequently impairs pituitary-
adrenal function (2, 3). In addition, glucocorticoids in-
hibit the secretion of stored ACTH and repress the
transcription of the POMC gene (4, 5).

It is a paradigm of neuroendocrinology that recovery of
the hypothalamic-pituitary-adrenal axis is a matter of time
but generally occurs within a couple of months, or rarely,
years. The time-limiting step for hypothalamic-pituitary-
adrenal axis recovery seems to be the CRH-producing
neurons of the hypothalamus (6). Chronic postoperative
CRH stimulation of the pituitary (7, 8) is unable to shorten
glucocorticoid replacement therapy. It is a general clinical
experience that hydrocortisone discontinuation is not pos-
sible in all cases. In exogenous CS, length and dose of
glucocorticoid exposure are independent predictors of re-
covery of adrenal function (9). We hypothesized that sim-
ilar factors may also be relevant to predict normalization
of tertiary adrenal insufficiency upon surgical cure of en-
dogenous CS. The aim of this study was to analyze the
postsurgical duration of adrenal insufficiency of patients
with CD, adrenal CS, and ectopic CS.

Patients and Methods

Patients
We performed a retrospective analysis based on the case re-

cords of 230 patients followed up in our center since 1983 and
recorded in the German Cushing’s registry. Details of the registry
have been recently described (10). We included patients with
ACTH-dependent CS of pituitary or ectopic cause and ACTH-
independent unilateral adrenal CS without surgical pretreat-
ment. Patients with subclinical hypercortisolism were excluded
from analysis. Additional exclusion criteria were as follows: in
CD pituitary radiation prior or close to surgery, persistent dis-
ease following transsphenoidal surgery, prior or concurrent pi-
tuitary or adrenal-directed medical therapy of CD, bilateral ad-
renalectomy; in ectopic CS: incomplete tumor resection and/or
metastasized tumors not amendable to surgery; in adrenal CS:
bilateral adrenalectomy and adrenocortical carcinoma. Diagno-
sis of CS and subtype differentiation was established according
to current guidelines (11, 12). Curative surgery was defined by
the development of postoperative tertiary adrenal insufficiency
requiring glucocorticoid replacement therapy. The protocol was
approved by the Ethics committee of the Klinikum der Univer-
sität München. All patients were contacted in 2012 to participate
in the prospective long-term evaluation of CS and patients gave
written informed consent for retrospective and prospective
analysis. The ethics committee approved the use of retrospec-
tive patient data in case of deceased or lost-to-followup pa-

tients. Supplemental Figure 1 shows the flow chart following
the application of the exclusion criteria. Overall, 139 patients
were excluded. For the remaining 91 patients who had been
treated between 1983 and 2014, mean followup was 8.2 � 7.7
years with a median of 6.0 years. (interquartile range [IQR],
2.2–11.9 y) (Table 1).

For detailed analysis we stratified patients with CD into three
groups depending on their postoperative course. Group 1: pa-
tients without recurrence and without additional anterior and
posterior pituitary insufficiencies; Group 2: patients with recur-
rence during followup; Group 3: patients with additional post-
surgical pituitary insufficiencies. We hypothesized that this strat-
ification would enable us to identify factors influencing time to
recovery, such as remnant corticotrophic adenoma tissue or ex-
tensive procedure-related damage to the normal pituitary tissue.

The group of patients with ectopic CS consisted of two pa-
tients with neuroendocrine tumors of the neck and mediastinum
and eight patients with tumors (foregut carcinoids) of the lung.
Two of the latter group experienced a tumor recurrence after 2.1
and 3.4 years.

There was no recurrence in the adrenal CS group having uni-
lateral adenomas (mean size, 3.4 cm; range, 2–6 cm). Our series
included four patients with ACTH-independent macronodular
hyperplasia who underwent unilateral adrenalectomy of the
dominant adrenal (tumor size, 2–6 cm).

Duration of CS symptoms
Patients were asked to recall the onset of Cushing’s symp-

toms, such as weight gain, new uncontrollable hypertension, or
catabolic signs of CS. Most patients could define that time point.
Those patients who had no clear onset of symptoms (n � 13)
were excluded from the respective analysis.

Intraindividual variations of diurnal salivary
cortisol levels

The effect of diurnal cortisol variability at time of diagnosis
on postoperative recovery of adrenal function was analyzed us-
ing salivary cortisol profiles. These were available in 35 cases: 27
patients with CD, five patients with adrenal CS, and three pa-
tients with ectopic CS. Saliva was collected at 0800, 1200, 1600,
2000, and 2300 h. We calculated intraindividual variability,
which describes the fluctuation of results in one patient about a
mean value in a repeated measured variable (13, 14). Intraindi-
vidual variability was expressed as intraindividual SD. To adjust
for interindividually varying mean salivary cortisol levels in dif-
ferent subtypes of CS the intraindividual coefficient of variation
was calculated by dividing the intraindividual SD by the mean
(15).

Adrenal insufficiency and recurrence of CS
We defined adrenal insufficiency as the need for hydrocorti-

sone replacement therapy according to the patient records and
laboratory findings. Biochemical evidence of adrenal insuffi-
ciency following surgery was based on a baseline morning cor-
tisol less than 5 �g/dL (100 nmol/L) (16). Sequential cosyntropin
stimulation tests were performed in most cases (n � 76/89) dur-
ing followup to document recovery of adrenocortical function. A
normal response was defined as peak cortisol 30 minutes after
cosyntropin of at least 20 and at least 17 �g/dL (until 2006 and
thereafter, respectively) depending on the hormonal assays used.
A sufficient response to cosyntropin or the physician’s recom-
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mendation of hydrocortisone discontinuation were defined as
the clinical endpoint. Duration of adrenal insufficiency was de-
fined by the lag time between successful surgery and the end
of hydrocortisone replacement therapy. A recurrence of CS
was defined as biochemical and clinical evidence of hypercor-
tisolism. A magnetic resonance imaging– or computed tomog-

raphy–proven tumor was not required for the diagnosis of
recurrence.

Hydrocortisone replacement therapy
Immediately after surgery, patients usually received a gluco-

corticoid replacement dose of 40–50 mg hydrocortisone per day.

Table 1. Baseline Characteristics of All Patients With CS Divided Into Subtypes

Characteristic
Normal
Values All (n) CD (n)

Adrenal
CS (n)

Ectopic
CS (n)

P
Value

No. 91 54 26 11
Female,% 79 78 85 82
Median age at

surgery of
CS, y

44 41 48 34 .041b

Median BMI
pre surgery,
kg/m2

27.7 (86)a 27.0 (50)a 28.8 (25)a 23.1 (11)a .10

Median
baseline
ACTH at
diagnosis,
pg/mL

4–50 – 78 (49)a 2.5 (22)a 95 (10)a .001b

Macroadenoma 96.5 (5)a

Microadenoma 77.5 (44)a

Median
baseline
cortisol at
diagnosis,
�g/dL

4.5–24.0 23.5 (83)a 26.1 (49) 20.5 (24)a 33.5 (10)a .002b

Median
urinary
cortisol at
diagnosis,
�g/d

50–150 506 (70)a 520 (43)a 333 (20)a 944 (7)a .029b

Dexamethasone
suppression
test

�1.8

Median 1
mg, cortisol
at diagnosis,
�g/dL

17.2 (30)a 15.4 (19)a 19.0 (7)a 26.0 (4)a .20

Median 2
mg, cortisol
at diagnosis,
�g/dL

�1.8 16.7 (45)a 16.0 (26)a 17.5 (16)a 25.7 (5)a .32

Median
midnight
salivary
cortisol at
diagnosis,
ng/mL

�1.5 8.3 (46)a 8.5 (33)a 5.0 (10)a 38.9 (3)a .005b

Median
duration of
symptoms,
mo

52.9 (78)a 71.2 (44)a 41.8 (23)a 24.4 (11)a .026b

Mean
followup, y

8.2 7.0 8.5 13.5

a If retrospectively available, the laboratory parameters with corresponding number of data (n) is given in parentheses.
b P � .05.
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This dose was tapered to 20–30 mg in the following 1–3 months
depending on patients’ complaints and physical status. There-
after, the dose was down-titrated to the lowest-tolerated dose
according to overall well being and the results of the cosyntropin
stimulation test. To analyze a potential effect of glucocorticoid
replacement doses on recovery of adrenal function we extracted
hydrocortisone replacement doses from the patient records.
Complete documentation was available in 61 of 91 cases (CD,
n � 37; adrenal CS, n � 18; ectopic CS, n � 6). 11 of those
patients recovered in less than half a year after surgery and were
excluded from analysis. In 30 of the 91 cases glucocorticoid
replacement doses were insufficiently documented to calculate
the cumulative replacement dose. The mean daily doses of hy-
drocortisone were calculated by dividing the cumulative hydro-
cortisone dose by the days since surgery. Also, illness-related
supra-physiologic doses (� 40 mg) for more than 10 days were
taken into account. Groups of recovery vs nonrecovery were
compared after 6, 12, and 24 months.

Laboratory testing
The measurement of plasma cortisol and plasma ACTH was

performed with DPC Biermann Immulite 2000 until 2006.
Thereafter, ACTH and serum cortisol were measured using Solid
Phase Antigen linked Technique (Liaison) and chemiluminescence
immunoassay (ACTH, Liaison, DiaSorin). Respective within- and
between-assay coefficients of variation were below 5% and 7%
(Cortisol, Liaison, DiaSorin) and below 13% (ACTH). Urine cor-
tisol measurement was performed with chemiluminescence immu-
noassay (Cortisol, ADVIA Centaur, Siemens) with within- and be-
tween-assay coefficients variationsbelow7%.Salivary cortisolwas
measured by a luminescence immunoassay (Cortisol Luminescence
Immunoassay, IBL) with within- and between-assay coefficients
variations below 9% and 6%. The last laboratory values before
surgery were used for statistical analysis.

Statistical analysis
For comparison of parameters with Gaussian distribution the

one-way ANOVA was used. For nonparametric testing the
Mann-Whitney U test or the Kruskal-Wallis test was performed
for the evaluation of differences in recovery. For correlations the
Pearson-correlation coefficient was calculated. A Kaplan-Meier
analysis was performed for elucidating the cumulative proba-
bility of recovery of adrenal function. If no recovery appeared
until the last known patient contact in our center, the patient was
considered “censored.” In all these cases an insufficient cosyn-
tropin stimulation test or a baseline morning cortisol less than 5
�g/dL at last followup is known. Recovery between groups was
compared using the two-sided log-rank test. The Cox propor-
tional-hazard model was performed to analyze factors associ-
ated with recovery of adrenal function in all subgroups (i.e.,
Group 1 of patients with CD, using sex, age, body mass index
[BMI], duration of symptoms, and basal ACTH levels as cofac-
tors). All statistical analyses were performed using SPSS Statistics
22 (IBM). For normal distributed values the mean � SD is given,
otherwise the median value and interquartile range (IQR). P �
.05 were considered statistically significant.

Results

Duration of adrenal insufficiency in CS
In a first step the adrenal insufficiency recovery rate was

calculated for the total cohort. Thereby, the overall prob-

ability of having a recovered adrenal function at 5 years
was found at 57%. When patients without recovery at any
time point were excluded, the median recovery time was
1.4 years (IQR, 0.6–3.2 y; n � 52). Fifteen percent of our
cohort experienced their recoveryof adrenal functionafter
more than 5 years (CD, n � 4; adrenal CS, n � 3; ectopic
CS, n � 1).

In a second step the time to recovery was analyzed ac-
cording to subtypes of CS. The corresponding Kaplan
Meyer analysis is shown in Figure 1. The highest proba-
bility of recovery at 5 years was seen in patients with ec-
topic CS (82%), followed by patients with CD (58%) and
unilateral adrenal CS (38%) (P � .001). In addition, there
were significant differences seen in duration of adrenal
insufficiency (P � .002) in patients experiencing recovery
of adrenal function. The median time to recovery was 0.6
years (IQR, 0.03–1.1 y), 1.4 years (IQR, 0.9–3.4 y), and
2.5 years (IQR, 1.6–5.4 y) in ectopic CS, CD, and unilat-
eral adrenal CS, respectively (Supplemental Table 1).

Duration of adrenal insufficiency in CD
We divided the patients with CD into three groups.

Group 1 consisted of patients with normal postoperative
pituitary function and no recurrence during followup con-
sidering this group as cured. Group 2 was defined as pa-
tients with later recurrence after successful surgery. The
recurrence occurred between 2.4 and 14.4 years after sur-
gery (mean, 7.2 � 4.6 y). Group 3 consisted of patients
who displayed postoperatively additional anterior and
posterior pituitary insufficiencies, presumably because of
a more radical surgical approach. The median ages at sur-
gery in Group 1, 2, and 3 were 40.5 years, 39.6 years, and
43.9 years (P � .76). The three CD groups were not dif-
ferent with respect to the preoperative BMI, male-to-fe-
male ratio, duration of symptoms, or other biochemical
parameters.

As shown in Figure 2 the subgroup analysis showed that
the probability of recovery at 5 years was 71% in Group
1 and 100% in Group 2. The poorest rate of recovery was
present in Group 3 patients, indicating an impairment of
normal pituitary corticotroph function following surgery.
Only in one male patient with an additional somatotroph
insufficiency adrenal function recovery was documented
13.7 years after surgery.

The Cox proportional-hazards model was performed
in all subtypes. Only in Group 1 of patients with CD the
probability to recover a normal adrenal function was as-
sociated with younger age (hazard ratio, 0.896; 95% con-
fidence interval, 0.822–0.976; P � .012), independently
of sex, BMI, duration of symptoms, basal cortisol, and
basal ACTH levels. The mean age at surgery in patients
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experiencing a recovery was 37 years at time of surgery
compared with 48 years in subjects without recovery.

Duration of adrenal insufficiency in adrenal CS
Patients with adrenal CS were stratified into patients

with bilateral asymmetric masses undergoing unilateral
surgery (Group 1, n � 4) patients with unilateral adeno-
mas (Group 2, n � 22). Figure 3 shows significant differ-
ences between groups in time to recovery. In Group 1
adrenal function recovered within less than 1 year com-
pared with Group 2 patients, who recovered after a me-
dian of 2.5 years or remained adrenal insufficient (P �
.001 vs Group 1).

Factors influencing recovery of adrenal function in
CD compared with adrenal CS

Compared with CD, adrenal patients with CS were sig-
nificantly older (P � .03). Biochemical parameters of glu-
cocorticoid excess tended to be less severe in adrenal CS
without reaching statistical significance (Table 1, P � .19
for urinary cortisol, n � 59). Similarly, adrenal patients
with CS showed a trend to shorter duration of Cushing’s

symptoms (42 vs 71 mo, P � .12). The intraindividual
variations of diurnal salivary cortisol levels showed a sig-
nificant lower variation about the intraindividual mean
(lower intraindividual coefficient of variation) in adrenal
CS compared with CD (P � .006, Supplemental Figure 2).

Replacement doses between groups (stratified accord-
ing to recovery of adrenal function and subtype of CS) did
not differ significantly. Patients with CD recovering ad-
renal function received an average daily dose of 23.6 (�
4.9) mg during the first 12 months, compared with non-
recovered patients with CD receiving 26.9 (� 7.5) mg. In
adrenal CS the respective doses were 20.4 (� 4.5) mg vs
24.8 (� 3.8) mg hydrocortisone, in later recovered vs non-
recovered patients, respectively (Supplemental Figure 3;
P � .28).

Discussion

In the current study we investigated the postsurgical re-
covery rate of adrenal function in different subtypes of CS
after exclusion of confounding factors. It is the main find-

Figure 1. Cumulative probability of recovery of adrenal function in all three subtypes of CS (n � 87) shows significant differences between
groups (P � .001). CD, n � 54; unilateral adrenal CS, n � 22; ectopic CS, n � 11; patients with bilateral adrenal tumors undergoing unilateral
adrenalectomy (n � 4) were excluded because of potentially remaining autonomous cortisol production from the contralateral adrenal gland.
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ing of this series that the median duration of tertiary ad-
renal insufficiency was dependent on the etiology of CS: it
was shortest in the ectopic CS, intermediate in CD, and
longest in adrenal CS caused by unilateral cortisol pro-
ducing adenoma. The significant difference to CD is an
unexpected finding given that by biochemical means cor-
tisol excess is generally less severe in adrenal CS. If con-
firmed by others, our data have clinical effect for the fol-
lowup of patients after curative surgery: patients should be
informed that adrenocortical function may remain im-
paired in benign conditions such as cortisol-producing
adenoma.

Overall, the data of our study are in line with previous
studies although no study so far has directly compared
adrenal insufficiency recovery rates of the different CS
entities. In CD, recovery times between 13 and 25 months
(17–21) have been reported, compared with 17 months in
our study. In adrenal CS caused by cortisol-producing ad-
enoma, two small studies reported recovery times of 15
months (22) and 12 months (23), which is in striking con-

trast with the median recovery time in our series of 30
months.

In ectopic CS we did not find any reports on adrenal
insufficiency, presumably due to its short duration and to
the rareness of ectopic CS.

The reasons for differences in duration and recovery
rate of these three subtypes are yet unclear. In CD, Flitsch
et al (17) reported a link between the number of Crook’s
cells and observed hypocortisolism extending 36 months.
Along the same line, Saeger (24) concluded that there
might be a link between the Crook’s cell count and severity
of glucocorticoid excess in CD. In the study of Sacre et al
(9) the authors analyzed adrenal insufficiency rates fol-
lowing pharmacologic glucocorticoid treatment for vari-
ous inflammatory disorders. In that study, the cumulative
dose and exposure time were independent predictors of
adrenal insufficiency. In our cohort the recovery from ad-
renal insufficiency in CD seems to be largely influenced by
the surgical approach. The shortest recovery within 3
years was evident in patients with later recurrence of CD.

Figure 2. Subanalysis of patients with CD. Cumulative probability of recovery of adrenal function divided in Group 1 (patients with no recurrence
during followup, n � 34), Group 2 (recurrence during followup, n � 7) and Group 3 (insufficiency of � 2 pituitary axes, n � 13), Figure 2 shows
significant differences between groups (P � .001).
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Therefore, we believe that recovery of pituitary cortico-
troph function in this cohort was rather due to residual
tumor cell clusters than by hypothalamic CRH-mediated
stimulation on normal corticotroph cells. Contrary, when
pituitary surgery was more radical causing hypopituitar-
ism, recovery of corticotroph function was rarely ob-
served, most likely because of irreversible impairment of
normal corticotroph cells. In our series only one patient of
this group recovered.

In multivariate analysis we only identified patient’s age
as a significant factor influencing recovery in patients with
CD, whereas the preoperative degree of hypercortisolism
and postoperative hydrocortisone replacement doses do
not seem to be relevant.

An enigma is the slow and incomplete recovery in uni-
lateral adrenal CS. Compared with CD these adrenal pa-
tients with CS were older (P � .03) and seem to have a
shorter duration of symptoms (42 vs 71 mo) and lower
biochemical activity parameters (urinary free cortisol,
morning serum cortisol, late-night salivary cortisol levels;
Table 1), yet, they were characterized by a longer recovery

time and a higher persistence rate. In fact, a fraction of the
patients in this group did not recover at all during the mean
followup of 8.5 years. It might be speculated that exposure
time to inappropriate levels of glucocorticoids may be lon-
ger in adrenal CS, given that cortisol-producing adeno-
mas, similar to hyperfunctioning thyroid nodules causing
hyperthyroidism, may very slowly transit from subclinical
disease to overt CS. However, recent genetic findings on
cortisol-producing adenomas and clinical evidence from
patients with adrenal incidentaloma argue against a tran-
sition from subclinical to clinical adrenal CS as a common
mechanism of disease (25, 26). In contrast, the very stable
cortisol production rate in adrenal CS with high levels
throughout day and night time may be especially damag-
ing to the hypothalamic CRH-producing neurons, com-
pared with the high amplitude ACTH and cortisol secre-
tion seen in CD. In line with this hypothesis diurnal
salivary cortisol profiles of adrenal CS cases in our series
showed a smaller variability compared with CD, similar to
data reported by Van Cauter based on diurnal serum cor-
tisol profiles (27). There seem to be profound additional

Figure 3. Subanalysis of patients with adrenal CS. Cumulative probability of recovery of adrenal function divided into Group 1 (patients with
bilateral asymmetric masses undergoing unilateral surgery of the dominant side, n � 4) and Group 2 (patients with unilateral adenoma and
unilateral surgery, n � 22) (P � .001).
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differences between these two entities, which are also dem-
onstrated by the striking difference in mortality rate be-
tween CD and adrenal CS (0.31 vs 3.95 standard mortality
rate) in a recent study (28).

Another reason for low recovery could be the higher age
of patients with adrenal CS. It is within this scheme that
Lodish et al (29) reported a 95% recovery rate of adrenal
function at 18 months in pediatric patients with CD and
Flitsch et al (17) showed prolonged adrenal insufficiency
(� 36 mo) in patients with CD with higher age. In line we
now confirmed these findings and showed higher age at
surgery being a significant factor for prolonged duration
of adrenal insufficiency, independently of sex, BMI, du-
ration of symptoms, and basal ACTH and cortisol levels.

In our series patients with asymmetric bilateral adrenal
masses undergoing adrenalectomy of the dominant tumor
recovered much faster than patients with unilateral ade-
nomas, suggesting that the larger extent of autonomous
cortisol production from the remaining contralateral ad-
renal influences the recovery process.

Limitations of this analysis are the retrospective char-
acter of the study and the long time span covered (1983–
2014), which was associated with changes of the medical
staff and biochemical methods used. Strengths of the study
are the strict selection of 91 subjects from the 230 patients
treated in our institution, the representation of all three
subtypes of CS, and the long followup using stringent cri-
teria for adrenal insufficiency.
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