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Context: Few studies have systematically analyzed the long-term recurrence rates of Cushing’s
disease after initial successful transsphenoidal surgery.

Setting: This was a retrospective review of patients treated at the University of Virginia Medical
Center.

Patients: A total of 215 subjects with Cushing’s disease who underwent initial transsphenoidal
surgery for resection of a presumed pituitary microadenoma from 1992–2006 were included.

Main Outcome Measures: Remission and recurrence rates of Cushing’s disease were examined.
Recurrence was defined as an elevated 24-h urine free cortisol with clinical symptoms consistent
with Cushing’s disease.

Results: Of the 215 patients who underwent transsphenoidal surgery for Cushing’s disease, surgical
remission was achieved in 184 (85.6%). The mean length of follow-up was 45 months. Actuarial
recurrence rates of Cushing’s disease after initially successful transsphenoidal surgery at 1, 2, 3, and
5 yr were 0.5, 6.7, 10.8, and 25.5%, respectively. Among the 184 patients who achieved remission,
32 (17.4%) patients followed for more than 6 months ultimately had a recurrence of Cushing’s
disease. The median time to recurrence was 39 months. Immediate postoperative hypocortisolemia
(serum cortisol � 2 �g/dl within 72-h surgery) was achieved in 97 (45.1%) patients. Patients who
had postoperative serum cortisol of more than 2 �g/dl were 2.5 times more likely to have a re-
currence than patients who had serum cortisol less than or equal to 2 �g/dl (odds ratio � 2.5; 95%
confidence interval 1.12–5.52; P � 0.022).

Conclusions: A quarter of the patients with Cushing’s disease who achieve surgical remission after
transsphenoidal surgery, recur with long-term follow-up. This finding emphasizes the need for
continued biochemical and clinical follow-up to ensure remission after surgery. (J Clin Endocrinol
Metab 93: 358–362, 2008)

First described by Harvey Cushing in 1932, Cushing’s disease
results from overproduction of glucocorticoids due to ex-

cessive corticotropin (ACTH) secretion by a tumor of the pitu-
itary gland’s corticotroph cells (1, 2). Cushing’s disease is un-
common, with an incidence between 0.7 and 2.4 cases per million
per year (3). Cushing’s disease results in obesity, diabetes mel-
litus, hypertension, muscle wasting, osteoporosis, depression,

and cognitive deficits, and the 5-yr cardiovascular mortality for
untreated disease is up to 50% (4, 5).

Successful long-term management of patients with Cushing’s
disease remains a challenge. Currently, the treatment of choice
for patients with Cushing’s disease is transsphenoidal microad-
enomectomy (6, 7). Other treatments used after failure of initial
surgical therapy include repeat transsphenoidal surgery, medical
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therapy to block adrenal cortisol pro-
duction, bilateral adrenalectomy, and
radiotherapy/radiosurgery. With the ad-
vances in transsphenoidal microsurgery,
recent series have reported immediate
postoperative remission rates of
59–88% (8–16). However, long-term
follow-up with actuarial 3- and 5-yr re-
currence rates has rarely been reported
(13, 17). In this study we report on the
recurrence rates in a series of patients
with Cushing’s disease who underwent
initial successful transsphenoidal sur-
gery. We compare the risk of recurrence
in patients with postoperative hypocor-
tisolemia (serum cortisol � 2 �g/dl) to
those with serum cortisol more than 2
�g/dl. In addition, a comparison of long-
term recurrence rates of patients with
pathology confirmed ACTH-staining tumor to patients without
pathological confirmation is presented.

Patients and Methods

Inclusion criteria
Patients with Cushing’s disease who underwent transsphenoidal re-

section of a presumed pituitary microadenoma at the University of Vir-
ginia Medical Center between 1992 and 2006, and who had at least a
6-month clinical follow-up were included in the current analysis. Patients
with previous surgery for Cushing’s disease or with a macroadenoma
were excluded. Microadenoma was defined as a pituitary tumor with a
diameter of less than 1 cm in any dimension on magnetic resonance
imaging (MRI). Institutional review board approval was obtained before
initiation of this study.

Diagnostic criteria
Cushing’s disease was diagnosed using previously described and cur-

rently accepted standard criteria (18, 19). At least two elevated 24-h
urine free cortisol (UFC) levels were used to establish hypercortisolemia
in all patients. MRI evidence of a pituitary microadenoma, inferior petro-
sal sinus sampling, or high-dose dexamethasone suppression tests were
used to establish pituitary dependence.

Surgical management
All operations were performed by a single neurosurgeon (E.R.L.).

The surgical technique and strategy used have been previously described
in detail (18). Briefly, resection of all presumed microadenomas was
performed via the transsphenoidal approach. After the sella was exposed
and the dura incised, the entire pituitary gland was carefully examined,
and all abnormal tissue was submitted to pathology. In patients with no
clear abnormal tissue, depending on age, history, and severity of disease,
a hemi-hypophysectomy, subtotal hypophysectomy, or, rarely, a total
hypophysectomy was performed. Aggressiveness of surgery was indi-
vidualized considering patient characteristics, preoperative morbidity,
severity of clinical symptoms, and patient preference.

Specimen handling and histological analysis
The resected specimens were immediately placed on a moist piece of

Telfa (Kendall Co., Mansfield, MA), bagged, and submitted in their
entirety to the neuropathologist (18). Hematoxylin and eosin (H&E)

stain was initially used to evaluate loss of acinar organization. If a pi-
tuitary adenoma was not identified on the H&E stain, a “Cushing’s
panel” was ordered. This consisted of 30 sequential 5-�m thick sections
with every third slide stained with H&E. Intervening unstained sections
were stained for reticulin and ACTH if the adjacent H&E sections were
suspicious for adenoma. If no adenoma was identified, more “Cushing’s
panels” were ordered until the tissue block was exhausted (18).

Endocrine follow-up and remission criteria
A senior neuroendocrinologist supervised the endocrine evaluation in

all patients.
Preoperatively and intraoperatively, patients did not receive exoge-

nous glucocorticoid. Postoperatively, patients were administered hydro-
cortisone only after adrenal insufficiency was confirmed. Postopera-
tively, serum cortisol measurements were obtained every 6 h until serum
cortisol was less than 2 �g/dl or until 72 h after surgery. Adrenal insuf-
ficiency was defined by a serum cortisol of less than 5 �g/dl and/or onset
of addisonian symptoms. If serum cortisol was less than 5 �g/dl, hydro-
cortisone supplementation was initiated.

FIG. 1. Actuarial recurrence rates of Cushing’s disease after initial successful transsphenoidal surgery.

FIG. 2. Kaplan-Meier curve showing freedom from recurrence of
Cushing’s disease in patients with successful initial transsphenoidal
surgery.
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Remission at follow-up was defined as a normal postoperative 24-h
UFC or continued need for corticosteroid replacement after transsphe-
noidal surgery. The first postoperative evaluation was performed 6–8
wk after surgery. Patients were seen in clinic, off hydrocortisone replace-
ment for 2 d, and serum cortisol levels were measured. If cortisol levels
were low (�5 �g/dl), patients resumed hydrocortisone replacement.
Other patients underwent a one sample, 24-h UFC to establish remission
status. Recurrence was defined as an elevated 24-h UFC with clinical
symptoms consistent with Cushing’s disease.

Statistical analysis
Descriptive statistics, including mean age, mean length of follow-up,

and median time to recurrence, were tabulated. Proportion of patients
who ultimately suffered a recurrence after a follow-up duration of
greater than 6 months, and 1, 2, 3, and 5 yr was ascertained. Kaplan-
Meier analysis for recurrence was performed using the product-limit
method. Actuarial 1, 2, 3, and 5-yr recurrence rates were determined
from the Kaplan-Meier analysis. Differences in recurrence rates between
patient groups (postoperative cortisol � 2 �g/dl vs. � 2 �g/dl and pa-
thology positive vs. pathology negative, preoperative MRI positive vs.
MRI negative) were assessed using �2 analysis. A P value of less than 0.05
was considered significant. Statistical analysis was performed using SAS
version 9.1 (SAS Institute Inc., Cary, NC).

Results

A total of 307 patients who underwent first-time transsphenoi-
dal surgery for a confirmed or presumed pituitary microad-
enoma between 1992 and 2006, were identified. Of these, 215
patients who had a follow-up of more than 6 months were in-
cluded in this analysis.

Patient characteristics
The mean age of patients at transsphenoidal surgery was

39.6 � 15 yr, and 77.7% of the patients were women. The av-
erage duration of symptoms before diagnosis was 43 months
(median 36, range 2–244). A pituitary protocol MRI scan, with
and without contrast, was obtained in all patients. Of patients,
61% had preoperative MRI findings consistent with a pituitary

microadenoma. In 39% of subjects, the
MRI scan was equivocal for a tumor,
and inferior petrosal sinus sampling re-
vealed a central to peripheral ACTH
gradient consistent with a pituitary
source for the ACTH overproduction.
The mean preoperative 24-h UFC and
serum ACTH were 393 �g/24 h (range
51–4000) and 74 pg/ml (range 7–272),
respectively.

Surgical resection and
histopathological findings

Of patients, 81% underwent a selec-
tive adenomectomy, 7% a subtotal hy-
pophysectomy, and 7% a hemi-hypoph-
ysectomy. A total hypophysectomy was
performed on a small number of patients
(3%) who were clinically ill and in
whom a microadenoma was not found
during initial systematic exploration of

the pituitary gland. Of patients, 75% were found to have an
ACTH-staining adenoma, 14% had no abnormality, 7% had
Crooke’s hyaline change, and 2% had two adenomas: ACTH
and prolactin staining.

Recurrence
Of the 215 patients that underwent transsphenoidal surgery,

184 (85.6%) achieved remission as defined by a normal post-
operative UFC or continued need for corticosteroid replacement
after surgery. The mean length of follow-up was 45 months (me-
dian 33, range 6–166). Actuarial recurrence rates of Cushing’s
disease after initial successful transsphenoidal surgery at 1, 2, 3,
and 5 yr were 0.5, 6.7, 10.8, and 25.5%, respectively (Fig. 1).
Kaplan-Meier analysis of recurrence of Cushing’s disease after
initial successful transsphenoidal surgery is depicted in Fig. 2.
Overall, Cushing’s disease recurred in 17.4% of patients with
initial successful transsphenoidal surgery. The median duration
to recurrence was 39 months (range 3–134). Of the 84 patients
with postoperative remission followed for greater than 3–13 yr,
28 (33.3%) ultimately had a recurrence (Fig. 3). Of patients
followed for greater than 5–13 yr (n � 50), 46% ultimately
recurred.

A total of 97 patients (45.5%) fulfilled a stricter immediate
postoperative remission criterion of a decrease in serum cortisol
to less than or equal to 2 �g/dl within 72-h transsphenoidal
surgery. Patients who had postoperative serum cortisol of more
than 2 �g/dl were 2.5 times more likely to have a recurrence than
patients who had a serum cortisol less than or equal to 2 �g/dl
within 72-h surgery (odds ratio � 2.5; 95% confidence interval
1.12–5.52; P � 0.022). The 1, 2, 3, and 5-yr actuarial recurrence
rates for patients with postoperative cortisol of more than 2 �g/dl
were 1.1, 10.4, 14.1, and 28.5%, respectively. In comparison,
the 1, 2, 3, and 5-yr actuarial recurrence rates for patients with
postoperative cortisol of less than or equal to 2 �g/dl were 0, 3.0,
7.0, and 20.6%, respectively (Fig. 4).

In patients with confirmed postoperative remission, there was

Fig. 3. Proportion of patients with recurrence after initial successful transsphenoidal surgery for
Cushing’s disease. Number of patients who had surgery more than 1, 2, 3, and 5 yr from the end of
data collection were 184, 174, 154, and 112, respectively. f/u, Follow-up.
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no difference in recurrence rates between patients with pathol-
ogy confirmed ACTH tumors (17.8%) and patients with nega-
tive pathology (17.8 vs. 15.8%, respectively; P � 0.78). Simi-
larly, in patients with confirmed postoperative remission, there
was no difference in recurrence rates between patients with a
preoperative MRI confirmed microadenoma and patients with
negative MRI (19.5 vs. 13.6%, respectively; P � 0.32).

Discussion

In our series, remission of Cushing’s disease after initial trans-
sphenoidal surgery (defined as a normal postoperative 24-h UFC
or continued need for glucocorticoid replacement) was achieved
in 85.6% of patients with a microadenoma. Large clinical series
have reported remission rates of 59–90% (10, 12, 13, 20–25).
Our remission rate falls at the higher end of this range in part due
to the exclusion of patients with macroadenomas. The rationale
for our exclusion of patients with a macroadenoma was to report
recurrence rates in a homogeneous group of patients that rep-
resented the most common presentation of Cushing’s disease.

Leinung et al. (17) reported a 50% recurrence rate in pediatric
Cushing’s disease after initial successful transsphenoidal surgery
with a mean follow-up of 6.7 yr. This and other pediatric series
have suggested that ACTH secreting tumors may have a high
propensity for recurrence (26, 27). Several small studies have
published short-term relapse rates of 0–13% with a median fol-
low-up of less than 2 yr (28–30). Larger studies with longer
follow-up have reported overall recurrence rates of 5–27% with
a median time to recurrence of 33–59 months (11, 13, 16, 20, 21,
24, 31, 32). In our study the overall recurrence rate of Cushing’s
disease after initial successful transsphenoidal surgery was a
comparable 17.4%. However, we found higher recurrence rates
with prolonged follow-up, and it is likely that the methodology
used to describe recurrence in prior studies underestimates the
true 5-yr recurrence rate. For example, the actuarial 5-yr recur-
rence rate in our study as determined from the Kaplan-Meier

analysis was 25.5%. Therefore, al-
though our overall recurrence rate
(17.4%) appears to be acceptable and
consistent with previous reports, it dis-
guises the true 5-yr actuarial recurrence
rate of 25.5%.

The 1-, 3-, and 5-yr actuarial recur-
rence rates for Cushing’s disease after
initial successful transsphenoidal sur-
gery are rarely reported in the literature.
Chen et al. (13) reported a 5-yr recur-
rence rate of 27%. In our series, the 5-yr
actuarial recurrence rate was a compa-
rable 25.5%. Future studies with pro-
spective designs and long-term fol-
low-up with no (or minimal) attrition
are necessary to characterize the true
long-term recurrence rates. Nonethe-
less, our study highlights that with ap-
propriate and prolonged follow-up, the

recurrence of Cushing’s disease is common. Strategies to manage
these recurrences are necessary for the successful long-term man-
agement of patients with Cushing’s disease. The options for man-
aging recurrence include repeat transsphenoidal surgery, medi-
cal therapy with adrenal blockade, bilateral adrenalectomy, and
radiation therapy (conventional or stereotactic radiosurgery)
(25).

We defined postoperative remission as a normal 24-h UFC or
continued need for glucocorticoid replacement. Some of the vari-
ability in recurrence rates between published studies can be at-
tributed to the different criteria used to define remission. There-
fore, we wanted to assess the impact of a different, stricter
remission criterion (decrease in serum cortisol to � 2 �g/dl
within 72-h surgery) on long-term recurrence rates. Of the 215
total patients, 97 (45.5%) fulfilled this remission criterion. Pa-
tients who had postoperative serum cortisol of more than 2 �g/dl
were two and half times more likely to have a recurrence than
patients who had a postoperative serum cortisol less than or
equal to 2 �g/dl. The 3-yr actuarial recurrence rates of patients
with postoperative cortisol of more than 2 �g/dl and less than or
equal to 2 �g/dl were 14.1 and 7.0%, respectively. Thus, patients
that had a decrease in serum cortisol to less than or equal to 2
�g/dl after transsphenoidal surgery were less likely to recur.
However, given that only 45% of our patients fulfilled this re-
mission criterion, the disadvantage of using this criterion is that
it excludes many patients who will go on to have long-term re-
mission of their Cushing’s disease.

Lack of pathological confirmation has been associated with
lower remission rates. Invitti et al. (33) reported significant dif-
ferences in remission rates related to the histological confirma-
tion of an adenoma but reported no significant differences in
recurrence rates. Similarly, we found that in patients who achieve
postoperative remission, there was no difference in recurrence
rates between patients with and without pathological confirma-
tion of ACTH-staining tumor.

The long-term recurrence rate for other benign secreting tu-
mors of the pituitary gland such as GH secreting tumors is only

Fig. 4. Comparison of actuarial recurrence rates of patients with postoperative cortisol more than 2
�g/dl and less than or equal to 2 �g/dl.
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about 2–6% (34, 35). Thus, ACTH secreting tumors appear to
have a much higher recurrence rate and, presumably, a different
biology that makes them resistant to surgical cure. Further in-
vestigation into the biology of these tumors is necessary to elu-
cidate the mechanisms underlying the frequent recurrences and
to improve the long-term outcomes of patients with Cushing’s
disease.
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