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Abstract

Purpose The present study evaluates the usefulness of an ACTH suppression test shortly after surgery, and to determine
optimal cut-off values of included laboratory analyses, in predicting short- and long-term remission after surgery of Cush-
ing’s disease.

Methods A 48 h suppression test with betamethasone 2 mg/day applied after 45 transphenoidal adenomectomies in 28
patients was evaluated. Receiver operating characteristic (ROC)-curves were created for the included assays: plasma cortisol,
plasma adrenocorticotropic hormone (ACTH) and urinary free cortisol (UFC). Plasma levels of cortisol and ACTH were
measured both at 24 and 48 h. Youden’s index was used to determine cut-off with the highest sensitivity and specificity in
predicting short- (3 months) and long-term (5 years or longer) remission. The area under curve (AUC) illustrated the clinical
accuracy of the different assays.

Results Plasma cortisol after 24 h with betamethasone was most accurate in predicting both short- and long-term remission.
3 months remission with cut-off 107 nmol/L: sensitivity 0.85, specificity 0.94, positive predictive value (PPV) 0.96 and
AUC 0.92 (95% CI 0.85-1). 5 years remission with cut-off 49 nmol/L: sensitivity: 0.94, specificity 0.93, PPV 0.88, AUC
0.98 (95% CI10.95-1). Analyses of ACTH or UFC did not improve diagnostic accuracy.

Conclusions A 48 h, 2 mg/day betamethasone suppression test after transphenoidal surgery of Cushing’s disease could pre-
dict short- and long-term remission with a high accuracy. Suppression of plasma cortisol after 24 h with betamethasone to
values excluding Cushings disease in the diagnostic setting yielded the highest accuracy in predicting long-term remission.

Keywords ACTH-secreting pituitary adenoma - Cushing disease - Pituitary adenoma - Pituitary neoplasms/surgery -
Transphenoidal surgery - Recurrence - Treatment outcome

Introduction

Cushing’s disease is caused by hypersecretion of adrenocor-
ticotropic hormone (ACTH) by a pituitary adenoma result-
ing in hypercortisolism [1]. Surgical adenomectomy is the
first line of treatment [2]. Postoperative remission is reported
in 43-95% of cases depending of factors such as adenoma
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size, finding of pituitary adenoma on preoperative MRI and
surgeons experience [3—12]. However, there is no consen-
sus on what laboratory assays and biochemical thresholds
should be used in determining or predicting remission over
time [6, 9]. Resolution of symptoms, urinary free cortisol
(UFC), plasma cortisol nadir, plasma ACTH and low-dose
dexamethasone suppression test (LDDST) are used in vari-
ous constellations [9]. At our center withdrawal of per opera-
tive glucocorticoid substitution is followed by a suppression
test with betamethasone, 2 mg/day during 48 h, initiated on
postoperative day 2 for an early evaluation of the effect of
surgery in patients with Cushing’s disease. Like dexametha-
sone, betamethasone is a potent synthetic glucocorticoid,
which does not interfere in biochemical assays measuring
plasma or urine cortisol. Potent synthetic glucocorticoids
cause a significant feedback inhibition on ACTH, which
could be expected to result in very low plasma cortisol levels
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if all adenoma tissue is removed, while adenoma residues
left behind should still be less responsive causing continued
ACTH production and elevated cortisol levels.

The rationale for exchange of peroperative glucocor-
ticoid substitution to the present test protocol is twofold:
(1) to achieve an early evaluation of the effect of surgery
and (2) to avoid the risk for acute hypocortisolism without
necessitating a high level of clinical surveillance [13]. After
completion of the test, patients are deemed in remission and
given continued glucocorticoid substitution or considered
uncured and thus not in need of substitution. The present
retrospective study was undertaken to clarify the ability of
this early suppression test to predict short- and long-term
remission after surgery of Cushing’s disease and to deter-
mine the optimal cut-off values of the laboratory analyses
included in the test.

Materials and methods
Patients

Data was retrospectively collected from medical records
of patients who presented with Cushing’s disease between
November 1998 and December 2011. All surgical proce-
dures were performed at the Department of Neurosurgery,
Skéne University Hospital, which is a referral center for
1.7 million inhabitants and the only center in the region for
pituitary surgery. The study period was selected to allow
at least a 5 years follow-up period. During the recruitment
period 47 patients in all were diagnosed with Cushing’s

disease. After exclusions of pediatric patients, adult patients
unfit for surgery due to comorbidity or lack of follow up and
patients not completely tested according to the protocol, 28
patients remained eligible for evaluation of the presented
protocol. 4 patients had died at the end of the final mini-
mum follow-up period (December 2016) and were included
without consent. The remaining 24 patients were asked to
participate. All agreed and were included after giving writ-
ten consent. The final number of surgical procedures to be
evaluated was 45, performed in 28 patients as primary pro-
cedures or reoperations.

Preoperative work-up

Consultant pituitary endocrinologists confirmed Cushing’s
disease by a combination of clinical examination, dexa-
methasone suppression tests and UFC. Inferior petrosal sinus
sampling (IPSS) was used in 21 cases (75%) before primary
surgery. All patients had sellar MRIs. Findings on MRI
before the primary procedure and before repeat surgery are
listed in Table 1. Regarding primary procedures 79% (22/28)
were performed with preoperative MRI showing adenoma.
Including reoperations, the figure was 71% (32/45).

Surgery and perioperative care

All surgical procedures were performed via the transphenoi-
dal route. Microsurgical techniques were used from 1998 to
2004, from 2004 the fully endoscopic transphenoidal tech-
nique was used. Intravenous and per oral glucocorticoid

Table 1 Patient demographics

Primary surgery (n=28) Reoperations (n=17) p-value

Age, years, median (range) 49.5 (23-77) 42 (28-64) 0.62%
Female gender, n (%) 20 (71) 8 (47) 0.11°
Surgical technique, n (%)

Microsurgery 7(25) 2 (12) 0.29°

Endoscopy 21 (75) 15 (88)
Adenoma category, n (%)

Not visible on MRI 6(21) 6(35) 0.67°

Micro-adenoma 11 (39.5) 8 (47) 0.49°

Macro-adenoma 11 (39.5) 2 (12) 0.12°

Missing 0 (0) 1(6) 0.38°
Procedures/patient, n (%)

1 Procedure 15 (54)

2 Procedures 9(32)

3 Procedures 4 (14)

Basic demographics of patients divided by primary surgery and reoperation where no significant differ-
ences were seen between the groups

#Two sample 7 test

PFisher exact test
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substitution was administered pre, per and postoperatively
as described in Table 2.

48 h, 2 mg/day betamethasone suppression test

The peroperative glucocorticoid substitution with hydrocor-
tisone was ended 12 h before commencement of the suppres-
sion test and 36 h before the first evaluation of serum cortisol
during betamethasone suppression (day 3). This allowed us
to avoid the risk of acute hypocortisolism and at the same
time evaluate the effect of surgery and decide on the need
of further glucocorticoid substitution. Betamethasone was
administered orally (1 mg at 8 AM, 0.5 mg at 2 PM and
0.5 mg at 8 PM) during postoperative day 2 and 3. Morning
levels (8 AM) of plasma cortisol and plasma ACTH were
measured before commencement of the test and after 24 and
48 h with betamethasone (postoperative day 2, 3 and 4).
Urine was collected for 24 h-UFC-analysis during the third
postoperative day. The test protocol is presented in Table 2
and bare resemblance to the 48 h LDDST described by Lid-
dle in 1960 [14].

In the present protocol, betamethasone was used as this
was available and recognizable by staff in the neurosurgical
ward where the patients were treated after surgery. Beta-
methasone and dexamethasone are both synthetic glucocor-
ticoids with long effect duration, similar anti-inflammatory
effect and negligible mineralocorticoid effect. Equipotency
is reported at 1-1.25 mg dexamethasone per 1 mg betameth-
asone [15, 16]. We see no pharmacologic reason not to use
our protocol with similar doses of dexamethasone.

Hormone analyses and chemical assays
Included chemical analyses were plasma levels of cortisol

and ACTH as well as UFC collected from days after sur-
gery and four times during follow-up (3, 12 months, 5 years

after surgery and at last known follow-up). The analyses
were made at different clinical chemical laboratories with
different assays. Reference ranges were known for all results.
As the chemical methods varied over time, plasma cortisol
and UFC levels were recalculated by equations provided by
the laboratory to fit the current reference ranges used at the
main laboratory (Skéne University Hospital) where plasma
cortisol (reference range 07.00-10.00: 133-537 nmol/L)
was analyzed via an accredited one-step competition assay
(COBAS® 8000, Roche Diagnostics GmbH, Mannheim,
Germany) and UFC (reference range: 30—-170 nmol/24 h)
was analyzed via an accredited mass spectrometry method
(QTRAP® 5500 LC/MS/MS, SCIEX, Framingham, MA,
USA). Different methods were used to measure plasma
ACTH but no conversion equations were available. There-
fore, the ACTH results were divided into five groups based
on relation to the reference range of the method used in anal-
ogy with Invitti et al. [17]. Group 1: values below 50% of
the lower reference limit, group 2: between 50% below lower
reference limit and the lower reference limit, group 3: values
within lower half of reference range; group 4: values within
upper half of reference range, group 5: values above upper
reference limit.

Postoperative follow-up and definitions
of remission and recurrence

Plasma levels of morning cortisol and ACTH along with UFC
and/or overnight 1 mg LDDST were analyzed according to
endocrinologist’s preference at follow-up 3 months after sur-
gery and then yearly as well as at time of suspected recur-
rence. Remission was defined as decreasing clinical signs and
symptoms of hypercortisolism in combination with laboratory
test (UFC, morning plasma cortisol and ACTH, and/or an
overnight 1 mg LDDST with significant plasma cortisol sup-
pression). Unclear cases were always evaluated with overnight

Table 2 Protocol of glucocorticoid substitution and hormone analyses used in the 48 h, 2 mg/day betamethasone suppression test

Pre operative Day of surgery Post operative
Day 1 Day 0 Day 1 Day 2 Day 3 Day 4
Glucocorticoid sub-  Hydrocortisone ~ Hydrocortisone =~ Hydrocortisone ~ Betamethasone Betamethasone Hydrocortisone
stitution 100 mg im23.00  504+504+50mg 50+25+25mg 14+05+05mg 14+05+05mg 20+10+10mg
iv iv p-o. p.o. p-o. (or no
supplements?)
Biochemical analyses - - - Plasma corti- Plasma corti- Plasma corti-
sol +Plasma sol+plasma sol + plasma
ACTH ACTH ACTH

UFC-sampling

Glucocorticoid substitution was given three times daily (8 AM, 2 PM and 8 PM). Samples for biochemical analyses were taken prior to the
morning dose (8 AM). The success of surgery was evaluated on postoperative day 4. If the patient was in remission continuous substitution with

hydrocortisone was prescribed

*1f surgical success was not achieved substitution was discontinued
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1 mg LDDST to determine remission. Furthermore, patients
unable to quit postoperative cortisol supplements were con-
sidered to be in continuous remission. As to recurrence, signs
and symptoms in combination with incomplete suppression in
overnight 1 mg LDDST, a flat 24 h plasma cortisol curve and/
or UFC above reference range measured twice, defined recur-
rence. During the period studied, the outcome of biochemical
testing, clinical signs and symptoms formed the basis for the
endocrinologist’s compiled evaluation to determine remis-
sion or recurrence. These evaluations were reassessed by the
authors based on the laboratory results and correlated well
with the endocrinologist’s previous conclusions.

Statistical methods

Statistical analyses were performed with the free statistical
software R [18]. Receiver operating characteristic (ROC)
curves illustrated sensitivity and specificity of postoperative
measurements in determining immediate post-operative suc-
cess and remission at later times (3, 12 months, 5 years after
surgery and at last known follow-up). The Youden index
was used to determine optimal cut-off values with highest
sensitivity and specificity. In the analyses, sensitivity equals
the test’s ability to correctly predict patients in remission
whereas specificity in this setting is the tests ability to iden-
tify patients with later recurrence. Sensitivity and specific-
ity were considered equally important. Area under the ROC
curves (AUC) with 95% confidence interval were calculated
to determine the predictive power of the laboratory analyses.
AUC values between 0.7 and 0.9 indicate moderate accuracy
whereas AUC values over 0.9 indicate high accuracy. ROC
curves were drawn for primary surgeries, reoperations and
the both combined. Two sample ¢ test and Fisher exact test
were used in determining differences between primary oper-
ations and reoperations. Linear and logistic univariate and
multivariable regressions determined pre- and peri-operative
factors influencing surgical outcome. Analyses were made
to determine factors influencing remission, and thus might
affect the cut-off values of the 48 h, 2 mg/day betameth-
asone suppression test. Factors with p <0.1 in univariate
analyses were included in multivariable regression analy-
sis. The following factors were analyzed: Age-group (age
in years < 38,39-44, 45-58 and > 59), primary procedure
or reoperation, gender, surgical technique (microsurgery or
endoscopic surgery), the use of IPSS, occurrence of compli-
cations after surgery as well as adenoma size (non-visible,
micro- or macro-adenoma). p-Values < 0.05 were considered
significant. Specific ROC-curves were to be plotted for the
subgroups showing significance in multivariable regression
analyses. These analyses were intended to clarify if sub-
groups were in need of specific biochemical cut-off values
of the chemical assays.

Results
Patients

The majority of patients were females (71%) and the
median age 49.5 years. There were no significant differ-
ences between patients undergoing a primary procedure or
reoperation regarding age, gender or surgical technique. Two
patients were diagnosed with pituitary carcinoma and 11
of the 28 patients had a macro-adenoma (39%). Pathology
reports showed finding of adenoma after primary procedures
and reoperations in 93 and 87%, respectively. All adenomas
were ACTH positive in immunohistochemical stainings.
Two cases of ACTH-producing carcinomas were confirmed
by pathologists. Patient demographics are given in Table 1.

Surgical complications were rare. Reoperation did not
carry a significantly higher risk of complications. One
patient experienced persistent, > 12 months, postoperative
diabetes insipidus. Except for need of glucocorticoid sub-
stitution after successful surgery, no other case of reduced
pituitary function was found according to endocrinological
evaluation. No adrenal crises were observed.

Surgical results

Twelve of the 28 patients (43%) showed 5 years and longer
long-term remission at last follow-up (median 116 months)
after one surgical intervention. Three patients were not con-
sidered in remission after primary surgery but never can-
didates for further surgical intervention. 13 out of the 28
patients included underwent a total of 17 reoperations (9
patients had 1 reoperation and 4 patients had 2 reoperations)
due to residual disease or recurrence. Four patients showed
long term remission after a second or third procedure, thus,
in total, long-term remission (5 years or longer) was seen
in 16 patients (57%) after surgical treatment, including
patients cured after repeated surgery. All 16 remained in
remission at last known follow up (median 110 months).
Four patients, not considered cured according to direct
post-operative assessment, fulfilled remission criteria at
3 months. However, only one of these patients were in remis-
sion 5 years after surgery. None of these four patients had
malignant disease but two had a slightly increased prolif-
erative activity and one had dural invasion. Two patients
who, by endocrinologist assessment, indicated immediate
postoperative remission showed recurrence after 3 months.
Median follow-up time, between first surgery and either last
known follow-up, recurrence or death, was 71 months (range
3-206 months). All recurrences occurred within 54 months
of surgery. Nine (20%) procedures were initially deemed
successful but patients later had recurrences.
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Factors influencing remission

In univariate analyzes of both 3 months-remission and
5 years remission, gender, the use of IPSS and age-group
in the upper quartile showed p <0.1 and were included in
multivariable analysis. In multivariable regression analysis,
male gender was the only factor significantly associated with
lower remission rates in either short or long-term follow-up,
p=0.002 and 0.047 respectively.

Results of the 48 h, 2 mg/day betamethasone
suppression test

In summary, the best predictors in determining remission
were plasma cortisol after 24 and 48 h with betamethasone.
ROC-curves with sensitivity, specificity at the optimal
plasma cortisol cut-off and AUC in predicting 3 months
and 5 years remission are presented in Fig. 1. The cortisol
cut off values for 12 months prediction (data not shown)
were similar to those for 3 months. The cut-off values after
reoperations as well as primary procedures and reopera-
tions combined are shown in Fig. 1. Plasma ACTH and
UFC analyses are not shown as ROC-curves since they all
had lower sensitivity, specificity and lower accuracy or had
larger number of missing values. As there were cases were
patients showed remission first 3 months after surgery and
long-term follow-up was considered more important than
12 months remission the following analyses were focused
on 3 months and 5 years remission. No recurrences were
seen later than 54 months after surgery, thus values of last
follow-up equal 5 years remission values.

Sensitivity and specificity of selected different plasma
cortisol cut-offs at 24 and 48 h in the present betamethasone
suppression test versus outcome at 3 months and 5 years are
given in Table 3. 140 nmol/L was originally reported to be
the normal suppression level of a LDDST and 83 nmol/L
is the cut-off values previously used by Chen et al. [19]
in predicting long-term remission. In our material, these
thresholds lack in specificity. The suppression cut-off used
in diagnosis of Cushing’s disease, 50 nmol/L, was close to
the cut-off level with the highest sensitivity and specificity in
our series (49 nmol/L). Finally, 25 nmol/L exemplifies that
a more stringent suppression level will cause a low level of
true positives and larger number of false negatives, or a high
specificity at the expense of sensitivity.

Discussion

Applied on 45 pituitary surgical procedures in 28 patients
with Cushing’s disease, our results indicate that a postopera-
tive betamethasone suppression test is a safe and accurate
way to predict both short- and long-term remission after
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transphenoidal surgery. The usefulness of the betamethasone
test presented is underlined by the high accuracy that was
achieved even though the heterogeneous material included
a large proportion of macro-adenomas and cases of pituitary
cancer. Cut-off values were equal regardless of primary or
repeated surgery. Furthermore, considering no pre- or peri-
operative factor, except for gender, significantly influenced
remission and the assay used to measure plasma cortisol has
no gender specific reference ranges, we consider the cut-off
values universal in regard of preoperative factors.

Despite that the test was performed as a 48 h suppression
test, the best accuracy in predicting long-term remission was
assessment of plasma cortisol after 24 h with betametha-
sone. Application of this test, with a 49 nmol/L cut-off,
yields a sensitivity of 0.94 with a specificity of 0.93. AUC
0.98 with a narrow 95% confidence interval, also indicates
a high diagnostic accuracy. A test result with suppression
below 49 nmol/L will correctly predict 5 years remission in
88% of cases. Applying this method on the present series of
patients and using it as the sole predictor of future remis-
sion, suppression of plasma cortisol below cut-off was seen
after 17 procedures. Two of these patients had recurrences,
while, 5 years after surgery 15 patients (88%) were still in
remission. This could be compared with procedures after
which suppression did not reach cut-off value (n=26). In
the latter group, 8 patients were considered in remission by
endocrinologist’s compiled assessment after surgery. None
of the eight were in remission 5 years after surgery.

It has been shown that the LDDST, in the healthy individ-
ual, suppresses plasma cortisol below 140 nmol/L [20]. In
our series of patients, a plasma cortisol cut-off at 140 nmol/L
after betamethasone was a poor predictor of remission. High
sensitivity as well as high specificity was only achieved with
a plasma cortisol cut-off 850 nmol/L (Table 3).

Even though dexamethasone suppressions tests are often
used during follow-up of Cushing’s disease [9], we have
found only two studies reporting results of early LDDST
for prediction of remission after surgery. Chen et al. [19]
report 174 patients recruited over a 20 years period show-
ing a 93% chance of 5 years remission if suppression in an
overnight LDDST was below 83 nmol/L. With reservation
to methodological differences in cortisol assays, applying the
cut-off 83 nmol/L to our patient series gave inferior specific-
ity (Table 3). Atkinson et al. [21] retrospectively reviewed
their series of 63 patients where LDDST was used during the
first week after surgery in determining remission where 45
patients reached early remission. 10 patients later had recur-
rent disease. Suppression to undetectable levels was more
common amongst patients still in remission (88.9%) versus
patients with recurrences who suppressed below detectable
levels in 50% of cases. However, these studies used different
strategies to diagnose remission, highlighting the fact that
different remission criteria are practiced. If incorporating
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3-month remission —
primary procedures

3-month remission —
reoperation

3-month remission —
all procedures
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AUC(95%CI)  0.92(0.81-1) 0.92(0.83-1) AUC(95%Cl)  0.90(0.75-1)  0.88(0.70-1) AUC(95%CI) (0.85-1) (0.84-1)
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primary procedures reoperations all procedures
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cortisol® cortisol® cortisol cortisol b cortisol® cortisol ©
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Sensitivity 0.92 0.75 Sensitivity 1.0 1.0 Sensitivity 0.94 0.81
Specificity 0.86 0.93 Specificity 1.0 1.0 Specificity 0.93 0.96
PPV 0.85 0.90 PPV 1.0 1.0 PPV 0.88 0.93
NPV 0.92 0.81 NPV 1.0 1.0 NPV 0.96 0.89
AUC(95%CI) 0.95(0.88-1) 0.84(0.67-1) AUC(95%Cl) 1(1-1) 1(1-1) AUC(95%Cl) 0.98(0.95-1) 0.91(0.81-1)

Fig.1 ROC curves with optimal cut-off values and corresponding
sensitivity, specificity and AUC for the two best predictors of remis-
sion. The first column visualizes ROC-curves for primary procedures
(n=28) and the ability of plasma cortisol levels after 24 and 48 h
with betamethasone to predict remission after 3 months and after
5 years. The second column visualizes corresponding ROC-curves

for reoperations (n=17). The third column visualizes corresponding
ROC-curves for all procedures (primary intervention and reoperations
combined, n=45). The data indicates that the optimal cut-off val-
ues are not influenced by primary surgery or surgery after failure or
recurrence. Plasma cortisol is presented in nmol/L. *2 missing values,
°] missing value, °3 missing values
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Table 3 Sensitivity and
specificity of selected plasma

24 h Plasma cortisol

48 h Plasma cortisol

cortisol cut-offs applied to the 3 months 5 years + last follow-up* 3 months 5 years + last follow-up*
48 h 2 mg/day betamethasone
suppression test Cut-off 140 nmol/L
Sensitivity 0.94 1.00 1.00 1.00
Specificity 0.75 0.50 0.67 0.42
AUC (95% CI) 0.92 (0.81-1.0) 0.95 (0.88-1.0) 0.92 (0.83-1.0) 0.84 (0.67-1)
Cut-off 83 nmol/L
Sensitivity 0.78 0.92 0.92 0.92
Specificity 0.88 0.71 0.50 0.50
AUC (95% CI) 0.92 (0.81-1.0) 0.95 (0.88-1.0) 0.92 (0.83-1.0) 0.84 (0.67-1)
Cut-off 50 nmol/L
Sensitivity 0.67 0.92 0.82 0.83
Specificity 0.88 0.86 0.89 0.64
AUC (95% CI) 0.92(0.81-1)  0.95(0.88-1) 0.92 (0.83-1.0) 0.84 (0.67-1)
Cut-off 25 nmol/L
Sensitivity 0.33 0.50 0.47 0.58
Specificity 1.00 1.00 1.00 0.93
AUC (95% CI) 0.92(0.81-1)  0.95(0.88-1) 0.92 (0.83-1.0) 0.84 (0.67-1)

See “Results” section for selected cut-offs. AUC illustrates the predictive power of each assay and is not

affected by changing cut-off values

#No recurrences were seen later than 54 months after surgery, thus values of last follow-up equal 5 years

remission values

undetectable levels of plasma cortisol as cut-off, or further
lowering the plasma cortisol cut-off as is exemplified with
cut-off 25 nmol/L in Table 3 we see enhanced specificity on
the expense of sensitivity with increasing numbers of false
negative results.

We use hydrocortisone substitution perioperatively and
during the first days after surgery with a half-life of 1-2 h.
Extending the betamethasone test over 48 h should secure
against analytical interference from peri-operative hydro-
cortisone substitution. In addition, this protocol might also
overcome the possibility of increased glucocorticoid metab-
olism as has recently been reported for dexamethasone [22].
With this in mind, we expected the results after 48 h with
betamethasone to show the highest accuracy in predicting
remission. However, the 24 h results seemed to yield slightly
better predictions than the 48 h results. This could be by
chance or the fact that little is known of how surgery affects
the response of either normal pituitary or residual adenoma
in postoperative suppression tests. Furthermore, the fact that
the 24 h data seemed superior to the 48 h data argues against
an interference from peroperatively administered hydrocorti-
sone in the cortisol data. Thus, a 24 h test may well be used
instead of the 48 h test making the test applicable also with
shorter hospital stays.

Many institutions rely on plasma cortisol nadir in pre-
dicting remission. Low plasma cortisol nadir has showed
to be highly correlated with remission, although with
variable cut-off values as well as definitions of long-term
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remission [10, 23-30] Measuring plasma cortisol nadir
requires withholding glucocorticoid substitution with the
risk, although apparently minor [23, 24, 26, 28], of acute
hypocortisolism. We have found no reports of serious
adrenal crisis post-surgery in the literature, but we would
expect withholding cortisol to be more labor intensive in
retaining a high level of patient safety [13, 23, 27]. As
we never pause substitution extensive monitoring is not
needed to avoid adrenal crises.

One issue with any test used in determining remission
after surgery of Cushing’s disease concern patients with
delayed remission. The present study has not escaped this
difficulty. 4 patients (14%) in our series experienced remis-
sion first at 3 months follow-up. Similar difficult to explain
observations have been reported in between 5.6 and 20%
of cases in previous studies [8, 31, 32], quite in line with
our findings.

To conclude, a 48 h 2 mg/day betamethasone sup-
pression test day 2 and 3 after transphenoidal surgery of
Cushing’s disease could safely predict short- and long-
term remission with high accuracy. Plasma cortisol after
24 h of suppression showed the best accuracy in predicting
5 years remission. Until consensus on remission criteria,
it is still the endocrinologists combined assessment that
defines remission. The present data supports that an early
suppression test can be helpful in this assessment in pre-
dicting remission over time with high accuracy without the
risk of adrenal crisis.



Pituitary (2018) 21:490-498

497

Funding This research did not receive any specific grant from any
funding agency in the public, commercial or non-profit sector.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval Ethical approval was obtained from the Regional
Ethical Review Board in Lund (Ref. No: 2012/374).

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Boscaro M, Barzon L, Fallo F, Sonino N (2001) Cushing’s syn-
drome. Lancet 357:783-791. https://doi.org/10.1016/S0140
-6736(00)04172-6

2. Nieman LK, Biller BMK, Findling JW et al (2015) Treatment
of Cushing’s syndrome: an endocrine society clinical practice
guideline. J Clin Endocrinol Metab 100:2807-2831. https://doi.
org/10.1210/jc.2015-1818

3. Hammer GD, Tyrrell JB, Lamborn KR et al (2004) Transsphe-
noidal microsurgery for Cushing’s disease: initial outcome and
long-term results. J Clin Endocrinol Metab 89:6348-6357. https
://doi.org/10.1210/jc.2003-032180

4. Starke RM, Reames DL, Chen C-J et al (2013) Endoscopic trans-
sphenoidal surgery for cushing disease: techniques, outcomes, and
predictors of remission. Neurosurgery 72:240-247. https://doi.
org/10.1227/NEU.0b013e31827b966a

5. Aranda G, Ensefiat J, Mora M et al (2014) Long-term remis-
sion and recurrence rate in a cohort of Cushing’s disease: the
need for long-term follow-up. Pituitary 18:142—149. https://doi.
org/10.1007/s11102-014-0567-8

6. Alexandraki KI, Kaltsas GA, Isidori AM et al (2013) Long-term
remission and recurrence rates in Cushing’s disease: predictive
factors in a single-centre study. Eur J Endocrinol 168:639-648.
https://doi.org/10.1530/EJE-12-0921

7. Tritos NA, Biller BMK, Swearingen B (2011) Management of
Cushing disease. Nat Rev Endocrinol 7:279-289. https://doi.
org/10.1038/nrendo.2011.12

8. Hofmann BM, Hlavac M, Martinez R et al (2008) Long-term
results after microsurgery for Cushing disease: experience with
426 primary operations over 35 years. J] Neurosurg 108:9-18.
https://doi.org/10.3171/IN'S/2008/108/01/0009

9. Petersenn S, Beckers A, Ferone D et al (2015) Therapy of endo-
crine disease: outcomes in patients with Cushing’s disease under-
going transsphenoidal surgery: systematic review assessing cri-
teria used to define remission and recurrence. Eur J Endocrinol
172:R227-R239. https://doi.org/10.1530/EJE-14-0883

10. Yap LB, Turner HE, Adams CBT, Wass JAH (2002) Undetect-
able postoperative cortisol does not always predict long-term

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

remission in Cushing’s disease: a single centre audit. Clin Endo-
crinol 56:25-31

Rees DA, Hanna FWF, Davies JS et al (2002) Long-term follow-
up results of transsphenoidal surgery for Cushing’s disease in a
single centre using strict criteria for remission. Clin Endocrinol
56:541-551. https://doi.org/10.1046/j.1365-2265.2002.01511.x
Rollin G, Ferreira NP, Czepielewski MA (2007) Prospective
evaluation of transsphenoidal pituitary surgery in 108 patients
with Cushing’s disease. Arquivos Brasileiros de Endocrinolo-
gia Metabologia 51:1355-1361. https://doi.org/10.1590/S0004
-27302007000800022

Abdelmannan D, Chaiban J, Selman WR, Arafah BM (2013)
Recurrences of ACTH-secreting adenomas after pituitary
adenomectomy can be accurately predicted by perioperative
measurements of plasma ACTH levels. J Clin Endocrinol Metab
98:1458-1465. https://doi.org/10.1210/jc¢.2012-3910

Liddle GW (1960) Tests of pituitary-adrenal suppressibility in
the diagnosis of Cushing’s syndrome. J Clin Endocrinol Metab
20:1539-1560

Jameson JL, De Groot LJ (2015) Endocrinology adult and pedi-
atric, 7th edn. Saunders, Philadelphia

Brunton LL, Chabner BA, Knollmann BC (2010) Goodman &
Gilman’s the pharmacological basis of therapeutics, 12th edn.
McGraw-Hill Medical, New York

Invitti C, Giraldi FP, De Martin M, Cavagnini F (1999) Diag-
nosis and management of Cushing’s syndrome: results of an
Italian multicentre study. Study group of the Italian society of
endocrinology on the pathophysiology of the hypothalamic-
pituitary-adrenal axis. J Clin Endocrinol Metab 84:440-448.
https://doi.org/10.1210/jcem.84.2.5465

R C Team (2017) R: a language and environment for statistical
computing. R foundation for statistical computing, Vienna

. Chen JCT, Amar AP, Choi S et al (2003) Transsphenoidal

microsurgical treatment of Cushing disease: postoperative
assessment of surgical efficacy by application of an overnight
low-dose dexamethasone supression test. J] Neurosurg 98:967—
973. https://doi.org/10.3171/jns.2003.98.5.0967

Nieman LK, Biller BMK, Findling JW et al (2008) The diagno-
sis of Cushing’s syndrome: an endocrine society clinical prac-
tice guideline. J Clin Endocrinol Metab 93:1526-1540
Atkinson AB, Kennedy A, Wiggam MI et al (2005) Long-term
remission rates after pituitary surgery for Cushing’s disease: the
need for long-term surveillance. Clin Endocrinol 63:549-559.
https://doi.org/10.1111/j.1365-2265.2005.02380.x

Ueland G, Methlie P, Kellmann R et al (2017) Simultaneous
assay of cortisol and dexamethasone improved diagnostic accu-
racy of the dexamethasone suppression test. Eur J Endocrinol
176:705-713. https://doi.org/10.1530/EJE-17-0078
Ramm-Pettersen J, Halvorsen H, Evang JA et al (2015) Low
immediate postoperative serum-cortisol nadir predicts the
short-term, but not long-term, remission after pituitary surgery
for Cushing’s disease. BMC Endocr Disord 15:62. https://doi.
org/10.1186/s12902-015-0055-9

Rollin GAFS, Ferreira NP, Junges M et al (2004) Dynamics of
serum cortisol levels after transsphenoidal surgery in a cohort
of patients with Cushing’s disease. J Clin Endocrinol Metab
89:1131-1139. https://doi.org/10.1210/jc.2003-031170
Hameed N, Yedinak CG, Brzana J et al (2012) Remission rate
after transsphenoidal surgery in patients with pathologically
confirmed Cushing’s disease, the role of cortisol, ACTH assess-
ment and immediate reoperation: a large single center expe-
rience. Pituitary 16:452-458. https://doi.org/10.1007/s1110
2-012-0455-z

Simmons NE, Alden TD, Thorner MO, Laws ER Jr (2001) Serum
cortisol response to transsphenoidal surgery for Cushing disease.
J Neurosurg 95:1-8. https://doi.org/10.3171/jns.2001.95.1.0001

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(00)04172-6
https://doi.org/10.1016/S0140-6736(00)04172-6
https://doi.org/10.1210/jc.2015-1818
https://doi.org/10.1210/jc.2015-1818
https://doi.org/10.1210/jc.2003-032180
https://doi.org/10.1210/jc.2003-032180
https://doi.org/10.1227/NEU.0b013e31827b966a
https://doi.org/10.1227/NEU.0b013e31827b966a
https://doi.org/10.1007/s11102-014-0567-8
https://doi.org/10.1007/s11102-014-0567-8
https://doi.org/10.1530/EJE-12-0921
https://doi.org/10.1038/nrendo.2011.12
https://doi.org/10.1038/nrendo.2011.12
https://doi.org/10.3171/JNS/2008/108/01/0009
https://doi.org/10.1530/EJE-14-0883
https://doi.org/10.1046/j.1365-2265.2002.01511.x
https://doi.org/10.1590/S0004-27302007000800022
https://doi.org/10.1590/S0004-27302007000800022
https://doi.org/10.1210/jc.2012-3910
https://doi.org/10.1210/jcem.84.2.5465
https://doi.org/10.3171/jns.2003.98.5.0967
https://doi.org/10.1111/j.1365-2265.2005.02380.x
https://doi.org/10.1530/EJE-17-0078
https://doi.org/10.1186/s12902-015-0055-9
https://doi.org/10.1186/s12902-015-0055-9
https://doi.org/10.1210/jc.2003-031170
https://doi.org/10.1007/s11102-012-0455-z
https://doi.org/10.1007/s11102-012-0455-z
https://doi.org/10.3171/jns.2001.95.1.0001

498

Pituitary (2018) 21:490-498

217.

28.

29.

Acebes JJ, Martino J, Masuet C et al (2007) Early post-operative
ACTH and cortisol as predictors of remission in Cushing’s dis-
ease. Acta Neurochir 149:471-479. https://doi.org/10.1007/s0070
1-007-1133-1

Krikorian A, Abdelmannan D, Selman WR, Arafah BM (2007)
Cushing disease: use of perioperative serum cortisol measure-
ments in early determination of success following pituitary
surgery. Neurosurg Focus 23:1-8. https://doi.org/10.3171/
foc.2007.23.3.8

Trainer PJ, Lawrie HS, Verhelst J et al (1993) Transsphenoidal
resection in Cushing’s disease: undetectable serum cortisol as
the definition of successful treatment. Clin Endocrinol 38:73-78.
https://doi.org/10.1111/§.1365-2265.1993.tb00975.x

@ Springer

30.

31.

32.

Ironside N, Chatain G, Asuzu D et al (2018) Earlier post-operative
hypocortisolemia may predict durable remission from Cushing’s
disease. Eur J Endocrinol 178:255-263. https://doi.org/10.1530/
EJE-17-0873

Valassi E, Biller BMK, Swearingen B et al (2010) Delayed
remission after transsphenoidal surgery in patients with Cush-
ing’s disease. J Clin Endocrinol Metab 95:601-610. https://doi.
org/10.1210/jc.2009-1672

Pereira AM, van Aken MO, van Dulken H et al (2003) Long-term
predictive value of postsurgical cortisol concentrations for cure
and risk of recurrence in Cushing’s disease. J Clin Endocrinol
Metab 88:5858-5864. https://doi.org/10.1210/jc.2003-030751


https://doi.org/10.1007/s00701-007-1133-1
https://doi.org/10.1007/s00701-007-1133-1
https://doi.org/10.3171/foc.2007.23.3.8
https://doi.org/10.3171/foc.2007.23.3.8
https://doi.org/10.1111/j.1365-2265.1993.tb00975.x
https://doi.org/10.1530/EJE-17-0873
https://doi.org/10.1530/EJE-17-0873
https://doi.org/10.1210/jc.2009-1672
https://doi.org/10.1210/jc.2009-1672
https://doi.org/10.1210/jc.2003-030751

	An early post-operative ACTH suppression test can safely predict short- and long-term remission after surgery of Cushing’s disease
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patients
	Preoperative work-up
	Surgery and perioperative care
	48 h, 2 mgday betamethasone suppression test
	Hormone analyses and chemical assays
	Postoperative follow-up and definitions of remission and recurrence
	Statistical methods

	Results
	Patients
	Surgical results
	Factors influencing remission
	Results of the 48 h, 2 mgday betamethasone suppression test

	Discussion
	References


