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Abstract Postoperative serum cortisol is used as an indi-
cator of Cushing’s disease (CD) remission following trans-
sphenoidal surgery (TSS) and guides (controversially) the
need for immediate adjuvant treatment for CD. We investi-
gated postoperative cortisol and adrenocorticotropic hormone
(ACTH) levels as predictors of remission/recurrence in CD in
a large retrospective cohort of patients with pathologically
confirmed CD, over 6 years at a single institution. Midnight
and morning cortisol, and ACTH at 24-48 h postoperatively
(>24 h after last hydrocortisone dose) were measured.
Remission was defined as normal 24-h urine free cortisol,
normal midnight salivary cortisol, a normal dexamethasone-
corticotropin releasing hormone (CRH) test or continued need
for hydrocortisone, assessed periodically. Statistical analysis
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was performed using PASW 18. Follow up data was available
for 52 patients (38 females and 14 males), median follow up
was 16.5 month (range 2-143 months), median age was
45 years (range 21-72 years), 28 tumors were microadeno-
mas and 16 were macroadenomas, and in eight cases no tumor
was observed on magnetic resonance imaging. No patient with
postoperative cortisol levels >10 mcg/dl were found to be in
remission. Ten of the 52 patients with cortisol >10 mcg/dl by
postoperative day 1-2 underwent a second TSS within 7 days.
Forty-three patients (82.7 %) achieved CD remission (36 after
one TSS and 7 after a second early TSS) and six patients
suffered disease recurrence (mean 39.2 + 52.4 months). An
immediate second TSS induced additional hormonal defi-
ciencies (diabetes insipidus) in three patients with no surgical
complications. Persistent disease was noted in nine patients
despite three patients having an immediate second TSS.
Positive predictive value for remission of cortisol <2 mcg/dl
and ACTH <5 pg/ml was 100 %. Cortisol and ACTH levels
(at all postoperative time points and at 2 months) were cor-
related (r = 0.37, P < 0.001). Nadir serum cortisol of
<2 mcg/dl and ACTH <S5 pg/ml predicted remission
(P < 0.005), but no level predicted lack of recurrence.
Immediate postoperative ACTH/cortisol did not predict
length of remission. No patients with postoperative cortisol
>10 mcg/dl were observed to have delayed remission; all
required additional treatment. There was no significant dif-
ference in age, body mass index, tumor size and length of
follow-up between postoperative cortisol groups: cortisol
<2 mcg/dl, cortisol >5 mcg/dl and cortisol >10 mcg/dl.
Immediate postoperative cortisol levels should routinely be
obtained in CD patients post TSS, until better tools to identify
early remission are available. Immediate repeat TSS could be
beneficial in patients with cortisol >10 mcg/dl and positive
CD pathology: our combined (micro- and macroadenomas)
remission rate with this approach was 82.7 %. ACTH
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measurements correlate well with cortisol. However, because
no single cortisol or ACTH cutoff value excludes all recur-
rences, patients require long-term clinical and biochemical
follow-up. Further research is needed in this area.

Keywords Cushing’s disease - Remission after surgery -
Transsphenoidal surgery - Cortisol - ACTH

Introduction

Cushing’s disease (CD) represents hypercortisolism caused
by an adrenocorticotropic hormone (ACTH)-secreting
pituitary adenoma [ 1, 2]. Prevalence is estimated at 2.4 cases
per million inhabitants with an incidence of 1.2-2.4 cases per
million per year [3]. The primary modality for definitive
treatment is transsphenoidal surgery (TSS) [1, 3-7]. If sur-
gery is unsuccessful or hypercortisolism recurs, second line
treatment options include repeat surgery, medical therapy,
radiation, bilateral adrenalectomy or a combination of these
options [4, 8, 9].

The consequences of persistent hypercortisolism are
severe and include immunosuppression, poor wound heal-
ing, diabetes, high blood pressure, cardiac insufficiency,
severe osteoporosis, and increased mortality [3, 10]. Hence,
early identification of patients at risk of treatment failure is
exigent.

Diagnosing persistent or recurrent CD is perhaps even
more challenging than making the initial CD diagnosis.
Several investigators have recommended serial measure-
ment of serum cortisol in the days after pituitary surgery to
identify patients with persistent CD [5, 7, 11]. Subnormal or
undetectable levels of serum cortisol in the immediate
postoperative period have been suggested as predictive of
long-term remission [1, 12], however, this has not been
confirmed in subsequent studies [13]. Other investigators
have suggested that normalization of 24 h urine free cortisol
(UFC), normalization of circadian rhythm, suppressibility to
dexamethasone [14] corticotropin releasing hormone (CRH)
tests [5] or ACTH stimulation tests [15, 16] could be used to
determine remission. To date, no consensus has been
established. Remission after an initial TSS has been reported
to occur in anywhere from 50 to 94 % of subjects [1, 3, 4, 6,
17] with long term relapse rates of up to46 % [5]. Variability
relates to neurosurgical expertise, size and location of tumor,
methodology and the biochemical criteria used in postop-
erative assessments, as well as remission definition and
duration of follow up [1, 4].

If a first surgery fails, the choice of second-line therapy,
particularly repeat TSS, remains controversial. Repeat
surgery can be successful when residual tumor is detectable
on magnetic resonance (MR) imaging and is supported by
low morbidity (1.8 %) and mortality (<1 %) rates [1].

Recommendations regarding the ideal timing of repeat
surgery vary significantly, in the literature [1, 18, 19].
Re-exploration of the sella within 15 days after the primary
procedure has been advocated by a number of pituitary
centers [1, 18-21]. Early surgery is reported to allow the
surgeon to re-explore the sella with minimal additional
trauma and no major concerns about altered surgical
anatomy related to scar tissue formation [1, 18-20]. Con-
versely, it has been suggested that hormonal assessment in
the immediate TSS postoperative period for CD may be
misleading because delayed remission can occur in a subset
of patients [6]. However, because there is no consensus
regarding the optimal strategy for determination of
immediate postoperative remission nor a definition of
remission, direct comparisons between centers remains
challenging [5].

In this study we aimed to assess clinical outcomes using
repeat surgery in the immediate postoperative period
(within 1 week post initial TSS) in patients with patho-
logically confirmed CD. We also assessed the value of
early postoperative cortisol and ACTH levels as predictors
of remission versus recurrence.

Patients and methods
Patients

We conducted a retrospective cross-sectional chart review
of all patients with pathologically confirmed CD who
underwent TSS from 2006 to 2011 at Oregon Health &
Science University (OHSU). The study was approved by
the OHSU Institutional Review Board. Reticulin staining
confirmed positive adenoma pathology (acinar architecture
was disrupted with reticulin). Positive pathology was
defined as the presence of ACTH staining, basophilic
hyperplasia and Crooke’s hyaline changes in the tumor.
Immunohistochemical staining included ACTH, human
growth hormone, prolactin, and cytokeratin CAM 5.2.
Immunohistochemistry was performed on formalin-fixed,
paraffin embedded tissue, using a biotin-free protocol that
included appropriate positive and negative controls. All
surgeries were performed by the same neurosurgeon.

Study design and assessments

During the time period described the postoperative protocol
(43 patients) included administration of 50 mg of hydro-
cortisone intraoperatively and on postoperative day (POD) 0.
No further glucocorticoid was administered until POD 2.
Serum ACTH and cortisol levels were collected every 6 h
starting at 06:00 a.m. (repeated at 06:30 a.m.) on POD 1.
Hence, the POD 2 midnight, 06:00 a.m. and 06:30 a.m.
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ACTH/cortisol levels were collected at least 24 h after the
last steroid dose. For the additional nine patients, adminis-
tration of 50 mg of hydrocortisone was every 8 h x 3 (POD
0-1) and cortisol and ACTH levels were drawn on POD 2 at
midnight, and POD 3 at 06:00 a.m. and 06:30 a.m.
Following discharge, patients were consistently evaluated
by a combined neurosurgical and endocrine team at 4 and
12 weeks postoperatively, at 6 months, and then annually
thereafter. Remission was defined as a continued need for
hydrocortisone or a normalized 24 h UFC, and midnight
salivary cortisol or dexamethasone suppression-CRH stim-
ulation test (serum cortisol of >2.5 mcg/dl) [22]. Aside from
the evaluation of hypocortisolemia, with/without signs of
adrenal insufficiency, in the immediate postoperative set-
ting, all other tests were completed at outpatient visits.
Plasma cortisol was measured by using a 1-step compet-
itive binding immunoenzymatic assay run on a Beckman
Coulter UniCel DxI 800 with use of chemiluminescence
technology. The detection level was 0.4 mcg, with intra
assay and inter assay coefficient variations of 4—7 %. Plasma
ACTH was measured using a commercial immunolumines-
cent kit (Immulite 2000; the intra assay variability was
6.7-9.5 %, and inter assay variability was 6.1-10 %).
Statistical analysis was performed using PASW18 and
included descriptive analysis. Statistical significance was
accepted for P < 0.05. Comparison of patients groups
defined as in remission and not in remission was performed
using independent samples ¢ test, both with and without
equal variance (Levene’s test) as necessary and Man
Whitney U tests when variables were not normally dis-
tributed. Analysis of variance of the means between groups
was performed for all variables and followed by Tamhane
post hoc testing for data rejecting the null hypothesis.
Bivariate correlational analysis was performed using
Spearmans Rho for data not normally distributed.

Results

Fifty-eight patients were identified and cortisol and ACTH
draws were aborted in six patients who developed severe
hypotension and symptoms of adrenal insufficiency
requiring stress dose steroids. Fifty-two (38 females and 14
males) patients were included in final analyses.

There were 28 microadenomas, 16 macroadenomas and
eight patients in whom no tumor was identified on MR
imaging. Forty-three of 52 patients (82.7 %) achieved
remission: 36 (69.3 %) patients achieved remission after
one TSS. Remission rate for patients with microadenomas
or when no tumor was observed on MR imaging was
86.1 %. Whereas, remission rate for patients with mac-
roadenomas was 75 %. As expected, the larger the tumor,
the lower the remission rate (» = 0.73, P = 0.007).

@ Springer

Thirteen of 43 (30.2 %) patients who achieved remis-
sion had a postoperative cortisol level of <2 mcg/dl during
48 h postoperatively. Sixteen patients (30.7 %) did not
achieve remission after one TSS. Of these patients, 10 had
a repeat TSS within 1 week and seven of the 10 patients
achieved remission (Fig. 1).

There was no statistically significant difference noted
between remission and non-remission groups in terms of
age (45.5 vs. 41.2 years), body mass index (BMI; 34 vs.
38.2) and duration of follow up (23.3 vs. 21.8 months),
respectively (Table 1).

Positive predictive value for remission with postopera-
tive nadir cortisol <2 mcg/dl and ACTH <5 pg/ml was
100 % (P < 0.005). Positive predictive value for non-
remission of ACTH >15 pg/ml was 87.5 %. Postoperative
ACTH >5 pg/ml and/or cortisol >5 mcg/dl correlated with
lower likelihood of remission (rs = —0.394, P = 0.028
and rs = —0.604, P < 0.001), respectively. Of the 9
patients with persistent disease, 6 had postoperative nadir
cortisol levels >5 mcg/dl and 5/6 had cortisol levels
>10 mcg/dl. Morning ACTH at 2 months after surgery
correlated with immediate postoperative midnight and
06:00 a.m. ACTH Ilevels (rs = 0.628, P = 0.029 and
rs = 0.619, P = 0.032), respectively (Figs. 2, 3, 4, 5).

Total hypophysectomy, either for the 1st or second TSS
was not performed in any patient. With the exception of
transient diabetes insipidus in three patients after the second
TSS, no additional pituitary dysfunction was found postop-
eratively after the 2nd TSS.

Discussion

Short term remission rates in our subjects, are higher than
those reported overall in CD, particularly for macroadeno-
mas [3, 12, 23]. In cases of surgical failure, repeat explora-
tion of the sella represents a controversial treatment option
[1, 6, 7, 18, 20, 24, 25]. Limited data is available in the
literature on the long-term effect of immediate repeat TSS

Follow up
n=52

Repeat early TSS
n=10

Fig. 1 Retrospective patient cohort groups
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Table 1 Patient characteristics (n = 52)

Remission Non-remission
(n = 43) n=9)
Age years (mean = SD) 455 £ 13.8 412 £ 155
Male/female (n) 11/32 3/6
Body mass index 34 £ 9.61 38.2 + 8.67
(mean £+ SD)
Tumor micro-/ 25/12 3/4

macroadenoma (n)
No tumor on MR 6 2
imaging (n)
233 £ 255

Follow up months 21.88 £+ 31.6

(mean £+ SD)
TSS 1st/2nd (n) 36/7 6/3
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Fig. 2 Remission status of patients per nadir cortisol level (mcg/dl)
during the first 48 h postoperatively

versus delaying repeat surgery for persistent CD [1, 6, 7, 18,
20, 24, 25]. Locatelli et al. [1], analyzed the strategy of
immediate re-operation in cases of surgical failure judged by
plasma cortisol levels that did not fall to 2 mcg/dl or less
within 72 h of surgery. Of 12 patients who underwent repeat

Fig. 3 Correlation of ACTH a
and cortisol 06:00 a.m. values

Correlation of ACTH and Cortisol levels: b
Non-remission Group

TSS within 2 weeks of the first, based on persistently ele-
vated postoperative cortisol levels, eight patients achieved
remission, three required subsequent treatments (radiother-
apy, gamma knife radiosurgery, bilateral adrenalectomy)
and one patient died of heart failure. The advantages of early
re-operation are absence of scar tissue and altered anatomy
that may be encountered with delayed surgery with the
possible downside of higher rates of postoperative compli-
cations including cerebrospinal fluid (CSF) leak, diabetes
insipidus and hypopituitarism [11]. Indeed, eight of 12
patients in Locatelli’s study developed pan-hypopituitarism;
however, 10 of 12 patients underwent total hypophysectomy.
In our study seven of 10 (70 %) patients who underwent a
second TSS, achieved remission with no further persistent
pituitary dysfunction suggesting that immediate repeat TSS
in selected cases in the hands of an experienced surgeon,
could be beneficial. However, more long term studies are
required for substantiation.

Complete restoration of normal hypothalamic—pituitary—
adrenal axis function has been considered by some authors
as defining remission of CD [11]. Lack of ACTH produc-
tion postoperatively may result in a temporary or long-
standing adrenal insufficiency from suppression of normal
corticotrophs by the excess cortisol of the disease state.
Unfortunately, regrowth or progression of residual tumor
may restore normal ACTH production and subsequently
produce excess ACTH despite apparent normalization of
cortisol levels immediately postoperatively [11, 23]. These
patients may experience a temporary phase of normal
cortisol levels followed by development of recurrent
hypercortisolism. Notably, this phase of normocortisolemia
is often characterized by lack of a normal diurnal variation
in cortisol secretion [11]. In some cases, marked adrenal
hyperplasia from long standing ACTH excess has been
hypothesized to result in autonomous adrenal cortisol

Correlation of ACTH and Cortisol levels:
Remission Group
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5 Cortisol levels in Remission vs. Non-remission groups
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Fig. 4 Cortisol levels in non-remission and remission groups
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Fig. 5 ACTH levels in non-remission and remission groups

hypersecretion with persistent elevated postoperative cor-
tisol [11]. Likewise, vascular injury at the time of surgery
has been hypothesized to lead to ischemia of residual tumor
with decreasing ACTH secretion and progressive tumor
necrosis with subsequent delayed remission [6, 23]. How-
ever, we did not observe delayed remission in any of the
patients in our study population.

Reasons for surgical failure after initial TSS have been
previously described in detail; the presence of residual
tumor either missed or hidden in the gland, intrasellar or
perisellar region ectopic ACTH secretion, residual invasive
tumor within the dura mater of the sella turcica or tumor
within the cavernous sinus [1, 5, 11]. The identification of a
tumor radiographically has been associated with higher
remission rates [3]. In some series, remission rates were
higher when corticotroph tumor was confirmed on pathol-
ogy [26, 27]. Conversely, other studies have not shown any
correlation between corticotroph tumor confirmation and
remission [28-30].

Much discussion has revolved around the determination
of a cutoff value of cortisol below which disease remission
can be assumed. In a study involving 331 patients with
histologically proven ACTH pituitary adenomas, and at
least 1 year of disease free follow up, postoperative nadir
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serum cortisol <2 mcg/dl was reported to have a positive
predictive value (PPV) for remission of 90.5 % [5]. Other
studies have reported postoperative cortisol levels <2 mcg/dl
with PPV rates between 87 and 93 % [11]. However, in a
National Institutes of Health study, 9.5 % of patients suf-
fered a later recurrence with a 7 % recurrence rate reported
among patients with a nadir cortisol below 1 mcg/dl [5].
Conversely after following 44 patients with CD for
49 months Acebes et al. [3], concluded that 08:00 a.m.
cortisol levels of 2 mcg/dl were 100 % sensitive and 90 %
specific for surgical failure. In our study population, post-
operative cortisol <2 mcg/dl within 48 h postoperatively,
after glucocorticoids were held for at least 24 h, revealed a
100 % PPV for remission. Our results were in agreement
with these studies in that no single cortisol cutoff value was
shown to be an absolute predictor of recurrence [4, 5, 11].

More recently, the phenomenon of “delayed remission”
has been described as more frequent than previously
thought. Valassi et al. [6], characterized patients without
immediate postoperative remission, who have a delayed
decrease to normal or low cortisol levels without further
therapy. In a cohort of 620 patients who underwent TSS for
CD at three tertiary care centers 23.9 % had persistent
hypercortisolism. A delayed decline in the cortisol levels at
a mean of 38 &£ 50 days (median 9 days, range
4-180 days) postoperatively was found in 5.6 % of these
patients. However, in our study, no patient with a nadir
postoperative serum cortisol level >10 mcg/dl, after one or
two surgeries, achieved delayed remission (over a mean
follow up period of 23.1 4+ 26.3 months). All of these
patients required some form of additional treatment (repeat
TSS, medical therapy, radiotherapy, bilateral adrenalec-
tomy). We cannot exclude the possibility of a missed
delayed remission in any of the 10 patients with cortisol
>10 mcg/dl who had immediate TSS.

Undetectable cortisol levels immediately (within 24 h)
or within 2 weeks after adenomectomy are considered by
some investigators as the defining criteria of remission [3,
5, 6, 11]. This relies on the theory that hypercortisolism
suppresses the normal corticotroph activity that may
remain suppressed or could be restored to normal function
once the tumor is removed [5]. This theory has led to the
practice in some centers of withholding glucocorticoids
until signs and symptoms of hypoadrenalism appear to
determine remission status. This practice is opposed by
others as an unnecessary risk [I11, 13]. It has been
hypothesized that glucocorticoids perioperatively may
inhibit the secretion of ACTH and cortisol complicating the
interpretation of remission [3, 5]. Our approach includes
administration of glucocorticoids immediately postopera-
tively but to withhold them POD 1-2. All blood for anal-
ysis in our study was drawn at least 24 h after the last dose
of hydrocortisone was administered.
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In a recent meta-analysis [11] patients with sub-normal
early postoperative cortisol levels showed a cumulative rate of
recurrence of 9 % compared to 24 % in the patients with early
postoperative cortisol levels in the normal range. In an anal-
ysis of their own patient population, Sughrue et al., found a
recurrence rate of 4 % amongst patients with subnormal POD
1 (08:00 a.m.) cortisol levels compared to recurrence rate of
22 % in patients with levels in normal range (8-25 mcg/dl).
They concluded that sub-normal postoperative cortisol levels
do not guarantee long term remission and a normal cortisol
level, although associated with a higher risk of recurrence,
does not always imply persistent disease. In this meta-analysis
there was a reduced rate of recurrence in patients with unde-
tectable immediate postoperative cortisol level of <2 mcg/dl
(follow up period 32-115 months), which concurs with
findings in our study. However, no cutoff for ACTH or
cortisol predicted disease recurrence.

Both the timing of cortisol draws and timing of repeti-
tions, plus the subject’s cortisol clearance may influence
determination of disease remission. Roelfsema et al. [31],
recently reported that both basal and pulsatile cortisol
levels, which are elevated in active CD, return to the level
of healthy controls when the disease is in remission.
Comparison among studies is complicated by differences
in the exact timing of cortisol measurement, which varies
between studies. This ranges from POD 1 to POD 28, with
the majority of measurements done within 2 weeks after
surgery [3, 5, 6, 11]. The time of day is most often
described as between 06:00 a.m. and 08:00 a.m. and the
number of measurements is often unclear. Additionally, the
impact of individual cortisol clearance parameters may
play a role in postoperative serum levels [32] and may
impact determination of remission. Consistent with other
studies measurements in our study were obtained at 06:00
a.m. but were repeated at 06:30 a.m. with findings at both
time intervals included in the analysis.

The predictive value of postoperative ACTH levels has
not been widely documented in the literature and remains
controversial [3, 4, 23]. Due to a short plasma half-life
(8 min) an early decline in ACTH levels has been proposed
by some to differentiate postoperative remission versus
persistent disease [4, 33]. Other groups have not reported an
absolute ACTH level threshold shown to ensure remission
[4]. In our study, an ACTH level of <5 pg/ml within 48 h
postoperatively was 100 % predictive of remission. Con-
versely, we found that no immediate postoperative cortisol or
ACTH level was a negative predictor of recurrence or pre-
dicted the length of remission. Srinivasan et al. [4], found
that plasma ACTH decreased more in subjects with hypo-
cortisolemia versus those with persistent disease within the
first 48 h of surgery. Plasma ACTH fell and remained below
20 pg/ml in all subjects in their postoperative hypocortisol-
emia group and preceded attainment of hypocortisolemia by

a mean of 11 h. Graham et al. [34], also found that at least
40 % ACTH reduction predicted postsurgical remission.
Conversely, ACTH >15 pg/ml was highly indicative of non-
remission [4]. However, Srinivansan et al., hypothesized that
the immunoreactivity of ACTH may be substantially longer
than the plasma half-life creating higher levels in the
immediate postoperative period. Roelfsemaetal. [31], found
that pulsatile and basal secretions of ACTH secretion levels
remained elevated post-surgery compared to those patients
in remission and healthy controls. However, patients in
remission also had non-significant ACTH elevations when
compared to healthy controls [31]. Further evaluation of the
predictive role of immediate postoperative ACTH levels is
warranted.

Conclusion

The search for reliable treatment outcome predictors of
remission in CD is somewhat hindered by the rarity of this
disease and the small number of patients at any single center.

In contrast to other studies, we found a lower cutoff
value for ACTH and cortisol a sensitive predictor of
remission, with early postoperative cortisol <2 mcg/dl and
ACTH <5 pg/ml being able to distinguish between patients
in remission and treatment failure. The utility of plasma
cortisol and ACTH measurements, including delayed nor-
malization in the postoperative management of CD needs
further study. These patients will continue to need lifelong
follow up as no value predicts absence of recurrence.

Our results also show that a second surgery in the imme-
diate postoperative period in patients with persistent hyper-
cortisolemia can increase the likelihood of CD remission
(especially for macroadenomas) in selected patients, with no
significant disadvantages. The treatment paradigm of a second
surgery and optimal timing should be analyzed further in the
context of newly available medical therapies for CD.
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