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Summary

Aim. To study the value of early (24 h) post-operative
ACTH and serum cortisol as predictors of remission
after transsphenoidal surgery in Cushing’s disease.

Methods. We prospectively studied 44 patients who
underwent transsphenoidal surgery for Cushing’s disease
between 1997 and 2005. The mean follow-up period of
patients after surgery was 49 months (19—102 months).
The predictive value of clinical characteristics, pre-op-
erative hormonal studies, radiological, surgical and his-
tological findings, and post-operative hormonal studies
were analysed. For the post-operative hormonal study
plasma ACTH and serum cortisol were determined at
8.00 a.m. the day after surgery.

Results. After surgery, Cushing’s disease remitted in
39 patients (89%) and persisted in 5 patients (11%).
Three patients relapsed during the follow-up period.
Only three study variables were predictive of persistence
of Cushing’s disease after surgery: the non identification
of the adenoma in histology (an adenoma was found
in 87% of the patients in remission, and in 20% of
treatment failures, p=0.01), the early post-operative
plasma ACTH (patients in remission: 2pmol/L (1.1-
10.8 pmol/L), treatment failures: 8.2 pmol/L (1.1-
12pmol/L), p=0.019), and the early post-operative
serum cortisol (patients in remission: 128.4 nmol/L
(27.6-4644 nmol /L), treatment failures: 797 nmol/L
(606—1037 nmol /L), p=0.003). ROC curves indicated
that plasma ACTH <7.55 pmol/L distinguished patients

in remission from treatment failures with 80% sensitivity
and 97.4% specificity, and serum cortisol <585 nmol/L
with 100% sensitivity and 90% specificity.

Conclusions. Twenty-four hours after transsesphe-
noidal surgery for Cushing’s disease, and without glu-
cocorticoids replacement, patients with serum cortisol
concentrations higher than 585 nmol/L, and/or plasma
ACTH higher than 7.55 pmol/L, and/or those in which
an adenoma is not identified in the histological study,
have a high risk of treatment failure.

Keywords: Cushing’s disease; cortisol; ACTH; trans-
sphenoidal surgery.

Introduction

Cushing’s disease is the consequence of chronic ad-
renal hyperproduction of glucocorticoids due to excess
secretion of hypophyseal ACTH. Prevalence of the dis-
ease is 39.1 cases per one million inhabitants, and the
incidence is 2.4 cases per one million inhabitants per
year. Hypercortisolism, when not treated, leads to seri-
ous complications, even death [1, 25]. Ever since Cushing
described basophile adenomas in the hypophysis in
1932, better treatments have been sought for Cushing’s
disease [9, 27]. Transsphenoidal microsurgeries currently
considered the preferred treatment for Cushing’s disease
[16, 34] and achieves remission of the disease in 55—
85% of patients [7, 34]. The rarity of Cushing’s disease
has made it difficult to gather an substantial number of



472

patients in a single institution, thus hindering the search
for reliable pre-operative, intra-operative and post-opera-
tive predictive factors for the outcome of treatment. The
most common predictive factors described in the litera-
ture are: medical symptoms [37], pre-operative hormo-
nal studies [13, 14, 21, 35], radiological findings [15, 16,
20, 21, 33, 40], surgical findings [9, 33], histopathologi-
cal studies [15, 33, 37], and post-operative hormonal
studies [8, 23, 28, 30, 35, 36].

The consequences of persistent hypercortisolism are
potentially serious (inmunosuppression, poor wound heal-
ing, diabetes, high blood pressure (HBP), cardiac insuf-
ficiency, severe osteoporosis), and an early identification
of patients at risk of treatment failure is important [10].
Cortisol and ACTH fall quickly after surgery in patients
in remission, so that early post-operative cortisol and
ACTH levels could be used as predictors of remission
after transsphenoidal surgery. The common and recom-
mended practice of using glucocorticoid replacement
therapy during and after the surgical treatment of pa-
tients with Cushing’s disease, interferes with early as-
sessment of the pituitary-adrenal axis. Few studies have
been able to assess the predictive value of early post-
operative cortisol and ACTH, without glucocorticoid
replacement.

In this study, we aimed to assess the predictive value
for remission, of early post-operative plasma ACTH and
serum cortisol concentrations, 24 h after transsesphenoi-
dal surgery, in patients with Cushing’s disease who
were not given glucorticoid replacement therapy until
blood samples for hormone determination had been
withdrawn. Furthermore, we studied the predictive value
of other variables that have been suggested to play a
predictive role on the evolution of the disease after
surgery, such as pre-operative identification through mag-
netic resonance imaging (MRI) of the adenoma, identifi-
cation of the tumour during surgery, and histological
characterisation of the tumour.

Materials and methods

From January 1997 to December 2005, 48 consecu-
tive patients with Cushing’s disease underwent trans-
sphenoidal surgery at the Neurosurgery Department of
Hospital Universitari Bellvitge. Three patients were ex-
cluded from the study because they had received other
treatments before being treated in our hospital (partial
adrenalectomy in one patient, pituitary surgery in two
patients), and in one patient early post-operative ACTH
and cortisol determination was not performed. Thus, a
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total of 44 patients were analysed. The mean follow-up
period of the patients after surgery was 49 months (19—
102 months). The same surgeon (JJA) performed all
surgical interventions, performed in the morning, and
using the transsphenoidal sublabial approach [1, 19].

The diagnosis of Cushing’s disease was based on the
criteria we published in 1997 [1] and that the literature
acknowledges to be valid [1, 15, 23, 24, 34, 36, 39]. Serum
cortisol (normal range: 155-678 nmol/L), 24h urinary
free cortisol (normal range: 86-631nmol/day), and
plasma ACTH (normal range: 2—12 pmol /L) were deter-
mined by chemiluminescent immunoassay, using a com-
mercial Inmunolite 2000 kit. The lower limit of detection
was 27.6 nmol/L for serum cortisol and 1.1 pmol /L for
plasma ACTH.

Neuroradiological investigation included a pituitary
MRI in all patients. T1 (simple and contrast enhanced)
and T2 sequences were obtained. In 7 patients in whom
MRI did not identify a pituitary tumour, bilateral petro-
sal sinus catheterisation was performed. Simultaneous
ACTH was determined in both sinuses and in antebra-
chial vein before (basal) and after CRH administration
(100 pg, I.V.). A central-peripheral gradient of ACTH
concentration higher than 2 at baseline and/or higher
than 3 after CRH stimulation was considered evidence
that ACTH hypersecretion originated in the hypophysis.
A right-left gradient higher than 1.4 was considered a
sign of lateralisation [12, 22, 29, 31]. Immunocytochem-
ical study of the pituitary included staining for ACTH,
GH, PRL, FSH, LH and TSH.

The early post-operative hormonal assessment con-
sisted of measurement of plasma ACTH and serum cor-
tisol in all patients at 8:00 a.m. on the day after surgery.
No glucocorticoid replacement therapy was adminis-
tered during surgery or in the post-operative period until
blood samples for ACTH and cortisol determination
were obtained. The patients were closely monitored in
an intensive care unit until the blood samples for hor-
mone determination were obtained, and then the corti-
coid replacement treatment began.

The post-operative assessment after pituitary surgery
included the measurement of 24-h urinary free corti-
sol, basal serum cortisol and basal plasma ACTH every
4—6 months. In patients with low or undetectable serum
and/or urinary free cortisol, hypocortisolism was con-
firmed by the absent or subnormal response of serum
cortisol to stimulus with ACTH (250 pg, 1.V.). These
patients were maintained on glucocorticoid therapy until
the recovery of the adrenal-pituitary axis, indicated by
the recovery of the normal response of serum cortisol to
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ACTH stimulation. After the recovery on the adrenal-
pituitary axis, a normal 24-h urinary free cortisol was
used as criterion for sustained remission, and if urinary
free cortisol levels showed a progressive increment in
successive determinations or were above the normal
range, a low dose (2mg) dexamethasone suppression
test was performed.

The patients were considered to be in remission if the
symptoms of hypercortisolism remitted, and basal and
ACTH-stimulated plasma cortisol and 24h urinary
free cortisol were within or below normal values during
the first six months after surgery [35]. We considered
that the disease persisted (treatment failure), when the
above criteria were not met. Relapses were defined as a
reappearance of the symptoms and a rise in blood corti-
sol and urinary free cortisol when more than six months
had gone by since the operation [15, 36].

A Kolmogorov-Smirnov test was made to carry out a
study of the distribution of each variable and P-P and
Q-Q charts were used to confirm it. It was observed that
the majority did not follow a normal distribution and
given that the number of patients was small (n=44)
non-parametric tests were used for the comparisons.
Values are expressed as median and range. A Mann—
Whitney U-test was used to determine the relationship
between the outcome variables (remission versus treat-
ment failure) and quantitative variables. The relationship
between the outcome variables and the qualitative values
were determined by Fisher’s exact test. A significance
level of 5% (p <0.05) was accepted in all of the cases. A
logistic regression multivariate analysis adjusted by sex
and age was used to study the variables that were statis-
tically significant in the univariate test, which enabled us
to determine the independent relationship of each vari-
able with the outcome variable. SPSS software version
11.0 was used for the statistical analysis.

Table 1. Characteristics of patients in remission and treatment failures
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Results

The median age of the patients was 41.5 years (9-86
years), and there was a clear predominance of women
(39 women and 5 men). All patients showed a clinical
phenotype suggestive of hypercortisolism with a mean
duration of symptoms of 17.6 months (2—-60 months).
After transsphenoidal surgery, clinical and biochemical
remission of Cushing’s disease was achieved in 39 pa-
tients (89%), and it persisted in 5 patients (11%). Three
patients relapsed, mean time to relapse was 54.6 months
(30—-84 months). We re-operated on two of these pa-
tients, the third patient is currently being studied. Thirty-
seven patients (84%) developed hypocortisolism after
surgery and required glucocorticoid replacement treat-
ment during a mean time of 25 months (2—-102 months).
At the end of follow up, 18 of the 36 (50%) patients in
remission had a normal hypophyseal-adrenal axis func-
tion and 18 patients (50%) showed persistent hypocorti-
solism based on ACTH-stimulated cortisol values, and
received glucocorticoid replacement therapy.

Before surgery, mean urinary free cortisol was
1195 nmol /24 h (56.9-3914 nmol /24 h), serum cortisol
was 637 nmol /L (217-1605 nmol /L) and plasma ACTH
was 15.6pmol/L (5.2-78.1 pmol/L). The MRI iden-
tified an image clearly suggestive of adenoma in 37 pa-
tients (84.1%), in six patients (13.6%) indirect signs of
a tumour were observed (increased size of one hemihy-
pophysis, displacement of the hypophyseal stalk), and in
one patient (2.3%) no evidence of tumour was found. In
patients with MRI showing a tumour, the mean diameter
was 6 mm (3—-19 mm), there were 10 macroadenomas
(diameter larger than 10mm), and invasion of neigh-
bouring structures next to the gland was observed in 4
cases (9.7%). The inferior petrosal sinus catheterism
identified a gradient in the central-peripheral ACTH in

Remission (39 patients)

Treatment failures (5 patients)

Age (years)

Duration of symptoms before surgery (months)
Pre-operative UFC (nmol/24 h)

Pre-operative serum cortisol (nmol/L)
Pre-operative plasma ACTH (pmol/L)

41 (9-86)

17 (2-60)

1191 (56.9-3914)
759 (217-1605)
15.9 (5.2-78.1)

61 (39-71)
28 (12-60)

1867 (675-7711)
722 (538-889)
12.8 (11.6-26.4)

Adenoma identification in MRI 85% 80%

Maximum adenoma diameter by MRI (mm) 7 4

Signs of invasion in MRI 9.7% 0%

Adenoma identification during surgery 90% 80%

Adenoma identification in AP study 87%* 20%*
Post-operative early serum cortisol (nmol/L) 128.4 (27.6-4644)* 797 (606-1037)*
Post-operative early plasma ACTH (pmol/L) 2 (1.1-10.8)* 8.2 (1.1-12)*

Results are expressed as median (range). *P < 0.05.
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all 7 patients. A right-left gradient in ACTH secretion
was identified in 5 patients and no gradient was found
in 2 patients. There were no statistically significant dif-
ferences between patients in remission and treatment
failures regarding the clinical, biochemical and pre-
operative hormonal and radiological studies (Table 1).

At surgery, a lesion suggestive of pituitary adenoma
was identified in 37 subjects. Selective adenomectomy
was performed in 35 patients and hemihypophysectomy
encompassing the supposed tumour in 2 patients. In the
5 patients in which the adenoma was not identified
during surgery, a hemihypophysectomy, guided by the
results of previous petrosal sinus catheterism, was per-
formed. Two patients in which no gradient was found at
the sinus catheterism underwent a full hypophysectomy.
There were no statistically significant differences for
these parameters between patients in remission and treat-
ment failures (Table 1). In 9 of the 44 patients (22.7%),
the histological study did not identify the adenoma. In 5
(12.8%) of the 39 patients in remission and in 4 (80%) of
the 5 treatment failures, no adenoma was identified in
the histological study (p =0.01) (Table 1).

Patients in remission had a median early post-opera-
tive plasma ACTH of 2pmol/L (1.1-10.8 pmol/L),
and treatment failures of 8.2 pmol/L (1.1-12pmol/L)
(p =0.019) (Fig. 1). The ROC curve analysis established
that an early plasma ACTH above 7.55 pmol/L distin-
guished between patients in remission and treatment
failures with 80% sensitivity and 97.4% specificity.
Patients in remission had a median early post-operative
serum cortisol of 128.4nmol/L (27.6-4644 nmol/L),
and treatment failures of 797 nmol/L (606-1037 nmol/
L) (p=0.003) (Fig. 2). The ROC curve analysis es-
tablished that an early serum cortisol above 585 nmol /L
distinguished patients in remission and treatment fail-
ures with 100% sensitivity and 90% specificity.

Two of the patients in the remission group had
very high values of early post-operative serum cortisol

12 -
.

10 S
3 L]
z ¢ : :
e
=i ¥
Q
< 2 vjv:

LYV I¥TN R

0 T T

Remission Failures

Fig. 1. Post-operative (24h) plasma ACTH levels in patients in
remission and treatment failures
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Fig. 2. Post-operative (24h) serum cortisol levels in patients in
remission and treatment failures

(patient 1: 2100nmol/L and patient 2: 4644 nmol/L).
These 2 patients achieved remission during the follow-
up (77 months and 19 months, respectively) and they are
currently still in remission (patient 1 has a basal serum
cortisol of 320nmol/L and UFC of 388 nmol/day, pa-
tient 2 has a basal serum cortisol of 272nmol/L and
urinary free cortisol of 187 nmol/day).

The three parameters that were statistically different
between patients in remission and treatment failures in
the univariate analysis (histological identification of the
adenoma, early post-operative plasma ACTH and early
post-operative serum cortisol) were studied using a lo-
gistic regression multivariant analysis. None of the three
parameters showed a statistically significant association
with the outcome variable. Early post-operative serum
cortisol was the variable that came closest to statistical
significance in the multivariate analysis.

The three patients who relapsed had a mean early post-
operative plasma ACTH of 2.6 pmol/L (1.7-4.3 pmol/L)
and a mean early post-operative serum cortisol of
86.9 nmol /L (27.6-184 nmol/L).

Discussion

The definition of remission for Cushing’s disease is
not uniform in the literature, and although many re-
searchers have used a combination of clinical and bio-
chemical criteria [9, 27, 28, 37], others have used only
biochemical criteria [7, 33, 40], making it difficult to
compare the results among different series. Neverthe-
less, the remission rate in our patients is in the upper
range of the 42—-87.5% remission rate reported by other
groups [9, 27, 33, 38, 40].

Atkinson et al. [3] reviewed the long-term outcome
(mean follow-up 9.6 years) in 63 patients who had pi-
tuitary surgery for Cushing’s disease and identified a
relapse rate of 22%. Thus, this group prefers to use the
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term ‘“‘apparent remission’ instead of ‘“‘cured” in the
patients with control of Cushing’s disease after trans-
sphenoidal surgery. Other studies, have reported post-
surgery relapses of up to 25% ten years after surgery
[27, 33, 34, 37, 40]. In our series, with a mean follow-
up of 4.1 years, three patients (7.7%) have relapsed
(mean time to relapse 4.5 years), but it is probable that
this number will increase in extended follow-up. The
patients who relapsed had low values of early post-
operative plasma ACTH (mean 2.6 pmol/L) and serum
cortisol (mean 86.9 nmol /L), but the relatively short fol-
low-up of our study doesn’t allow us to reach conclu-
sions regarding the value of early post-operative ACTH
and cortisol as predictors of relapse.

There are many factors that have been previously
analysed in order to determine the early identification
of the patients who will suffer a therapeutic failure after
transsphenoidal surgery of Cushing’s disease. Most stud-
ies conclude that the pre-operative hormone variables
(serum cortisol, urinary free cortisol and plasma ACTH)
are of no predictive value [6, 21, 23, 35], and in our
analysis these three parameters had no predictive value
either. Regarding the imaging tests, the literature asso-
ciates non-visualisation of the adenoma, the presence of
a macroadenoma, and signs of invasion of neighbouring
structures, with a worse prognosis [4-6, 8, 21, 26, 33].
In our series, however, none of these three radiological
parameters was predictive in the persistence of the dis-
ease. Perhaps the small number of macroadenomas and
tumours with signs of invasion on MRI can explain these
discrepancies with the literature.

Finding an adenoma at surgery has been considered
an indication of good prognosis in some studies. How-
ever, the type of surgery (tumourectomy, hemihypo-
physectomy, and others) was not considered to have a
predictive value [6, 33]. We analysed adenoma identifi-
cation during surgery, and type of surgery, and found
that, in our experience, none of the three parameters
were predictive. Histological identification of an ade-
noma has also been considered a good prognostic factor
in several studies [6, 17, 37]. In our series, the histolo-
gical study identified an adenoma in 87% of the patients
in remission, but only in 20% of the treatment failures,
a statistically significant difference. In our experience,
this confirms that identifying an adenoma in histology is
associated with better post-operative prognosis.

In Cushing’s disease, after the resection of the ade-
noma, there is a rapid decline in blood ACTH and cortisol
due to the inhibited state of the normal corticotrophin
cells [9, 28, 34, 40]. However, the predictive value of
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immediate post-operative serum cortisol and particularly
of plasma ACTH, has not been sufficiently studied.
Because of the risk of acute adrenal insufficiency after
adenomectomy, it is common practice to administer
high doses of glucocorticoids during Cushing’s disease
surgery and in the post-operative period. However, this
treatment can inhibit the secretion of ACTH and corti-
sol, making the interpretation of the early post-operative
hormone studies very difficult [18, 34, 35]. The report
by Simmons et al. [35] was, to our knowledge, the first
relevant study to analyse post-operative cortisol dynam-
ics in patients without administration of exogenous ste-
roids. In our study, glucocorticoid treatment was withheld
for 24h until post-operative hormone measurements
were performed in order to reduce the time that patients
were at risk to develop adrenal insufficiency. We did
not encounter features of an adrenal crisis in any patient.
Because of the careful monitoring of these patients
and the brief duration without glucocorticoids, we, like
others, believe this is a safe practice [35].

Rollin et al. [34] analysed blood cortisol concentra-
tions 6h, 12h and 10-12 days after hypophyseal
surgery for Cushing’s disease in a series of 41 patients.
They concluded that the cortisol levels required several
days to reach very low or undetectable levels. They,
therefore, considered that serum cortisol levels 10-12
days after surgery was the best parameter to distinguish
between patients in remission and treatment failures. In
their study, a serum cortisol value of 207 nmol/L 10-12
days after hypophyseal surgery distinguished between
patients in remission and treatment failures with 100%
sensitivity and specificity. In our study, we found that
24h after surgery, serum cortisol was already signifi-
cantly different in remission and failure groups. Even
at this early stage after surgery a serum cortisol value
of 585nmol/L distinguished patients in remission and
treatment failures with 100% sensitivity and 90%
specificity. The negative predictive value is 100%. This
means that all patients with an early post-operative
serum cortisol below 585 nmol/L will achieve remis-
sion. A sensitivity of 100%, guarantees that, in our series,
all of the treatment failures have an early post-operative
serum cortisol above 585 nmol /L. However, a specificity
of 90%, reduces the positive predictive value to 62.5%,
and therefore, no therapeutic decisions can be made in
the group of patients with an early post-operative serum
cortisol above 585nmol/L (almost 40% will be in
remission). A closer follow-up of these patients is
recommended, because they are at higher risk of treat-
ment failure.
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Several other studies have shown that post-operative se-
rum cortisol may require several days to reach very low or
undetectable levels, and that measurable post-operative
serum cortisol values are not always linked to failure,
and can be associated with long-term remission [3, 6,
13, 17, 20, 34, 35]. In our study, 27 patients in the remis-
sion group had measurable post-operative serum cortisol
levels at 8:00 am the day after surgery, and nineteen of the
patients in the remission group (49%) had cortisol values
in normal range (155-678 nmol/L). These data are similar
to those reported by Simmons et al. [35] who showed that
9 of the 21 patients in their remission group (43%) had a
serum cortisol above 138 nmol/L at 12:00 am the day
after surgery, and by Rollin et al. [34] who reported that
24 h after surgery, 6 of the 21 patients in their remission
group (29%) had a serum cortisol above 138 nmol /L.

Two of the patients in the remission group had very
high values of early post-operative serum cortisol. These
2 patients achieved clinical and biochemical remission
and are currently still in remission. A careful review of
the medical records excluded inadvertent glucocorticoid
administration during surgery or in the post-operative
period before cortisol and ACTH determination. Al-
though the length of follow-up of one of these patients
is already substantial (77 months), a longer follow-up of
both patients is still needed to determine the prognostic
value of the high cortisol values found in the immediate
post-operative evaluation.

The predictive value of post-operative ACTH has not
been studied as extensively as that of cortisol [11, 16, 32].
In a series of 7 patients with Cushing’s disease who were
cured after surgery, Czirjak et al. [11] determined ACTH
concentrations 2h after surgery and the morning fol-
lowing surgery. A significant decline in ACTH concen-
trations 2h after surgery was observed (6 out of 7
patients), and the decline was more significant the morn-
ing after surgery. Graham et al. [16] compared ACTH
concentrations before surgery and one hour following
tumoural extraction in a group of 18 patients. They dis-
covered that in the group in remission (n = 11) the mean
maximum decline of ACTH concentrations was 54%,
whereas in the group of patients who remained uncured
(n=7) the mean maximum decline was 26%. In our
series, the early post-operative ACTH concentration
was significantly lower in the group of patients in remis-
sion than in treatment failures. Moreover, an early post-
operative ACTH value of 7.55pmol/L enabled us to
distinguish patients in remission and treatment failures
with 80% sensitivity and 97.4% specificity. Due to the
high specificity, the positive predictive value is 80%,
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indicating that a patient with an immediate post-opera-
tive ACTH concentration higher than 7.55 pmol/L has
an 80% probability of treatment failure.

In the multivariate analysis, we sought to identify the
factors associated to the remission of Cushing’s disease
independently of the remaining variables. However, we
were not able to identify any variable that, by itself, could
be predictive after surgery. Due to the fact that post-
operative cortisol was the variable that came closest to
statistical significance in the multivariate analysis, we
wonder whether it could be the only independent factor
predicting the remission of Cushing’s disease in early
post-operative period after transsesphenoidal adenomecty.

Conclusions

Twenty-four hours after transsesphenoidal surgery for
Cushing’s disease, and without glucocorticoid replace-
ment, patients with a serum cortisol concentration higher
than 585nmol/L, and/or plasma ACTH higher than
7.55pmol/L, and/or those in which an adenoma is not
identified in the histological study have a high risk of
treatment failure. These patients would benefit from a
closer follow-up and early treatment if treatment failure
is confirmed.
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Comments

In this paper, the authors performed surgery early in the morning,

and then early the following morning after surgery and measured
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basal ACTH and cortisol levels in their patients. As has been noted
by others who have studied this systematically, the cortisol levels
tend to fall within the first 24-36 hours to subnormal levels in
patients who are destined to have an excellent and long lasting
remission. It is true that some patients have cortisol levels that fall
at a slower rate then others, undoubtedly dependent upon the activity
of the normal corticotrophs in the normal pituitary gland which may
not be totally suppressed, particularly in patients who have mild
disease. For that reason, it is our protocol to measure the serum
cortisol every 6 hours following surgery for removal of an ACTH
secreting adenoma associated with Cushing’s disease. We have re-
ported these findings and they are certainly similar to those reported
by Acebes and Colleagues.

Obviously, it is important to continue to follow these patients, as late
recurrences develop; and in our series the 10 year recurrence rate is over
12%, and the 20 year recurrence rate, even in patients who have met all
of the criteria for early remission is over 20%. This simply emphasizes
the difficulties of dealing with patients with Cushing’s disease and the
need for accurate diagnostic and prognostic information as provided in
this excellent paper.

Edward R. Laws
Charlottesville, VA

Cushing’s disease remains a complex challenge for clinical Neu-
rosurgeons and Endocrinologists. Long-term remission rates following
transsphenoidal pituitary adenectomy vary from 50 to 80% [1], and there
is considerable interest in identifying factors that will predict subsequent
clinical outcome as these will help decisions on the need for early further
treatment. In this issue, Acebes and colleagues report the value of early
measurement of ACTH and cortisol in prediction of subsequent relapse
or remission after transsphenoidal surgery for Cushing’s disease. Forty
four patients were operated on, and followed for a minimum of nineteen
months. The apparent remission rate was higher than reported in other
series (89%), and only five patients had persistent disease. However,
three of the patients in apparent remission did relapse during the follow-
up period (in other words, had recurrence of symptoms and biochemical
features of Cushing’s disease after apparent cure more than six months
after the initial operation). Of the variables that apparently predicted
persistence of Cushing’s disease, the inability to identify an adenoma at
the time of surgery was significantly associated with failure to achieve
remission. Of the biochemical data, plasma ACTH and cortisol (both
measured within 24 hours of surgery) apparently predicted outcome. In
particular, after statistical evaluation using ROC analysis, a serum corti-
sol of less than 585nmol/L distinguished patients who had achieved
remission from those who failed to do so with 100% sensitivity and 90%
specificity. Do these new data add to our understanding and help in the
management of Cushing’s disease?

Firstly, it is important to note that the series represents the experience
of a single surgeon. Diagnosis was made on conventional grounds
although in only seven patients was inferior petrosal sinus sampling
performed and in the rest of the subjects there was clear evidence of a
tumour on MR imaging. Post-operative pathology was available in all
subjects. No patient was given glucocorticoid replacement until post-
operative assessment was performed at 0800 on the day after surgery (in
other words, slightly less than 24 hours after the operation itself).

If there was elevation of urinary cortisol a low dose Dexamethasone
suppression test was performed to look for evidence of relapse. How-
ever, no formal Dexamethasone suppression or measurement of cortisol
diurnal rhythm was performed on a routine basis at other times during
follow-up.

There are a number of potential problems with the interpretation of the
data presented. Inspection of figures 1 and 2 show ACTH and cortisol
levels, respectively, following treatment. It will be noted that in both the
remission and failure groups there is a wide range of values. For cortisol,
two patients who had apparently achieved remission had extraordinarily
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high levels (greater than 2000 nmol/L), and a substantial number of pa-
tients in apparent remission had cortisol levels that were easily measur-
able (greater than 200nmol/L) at this time. In contrast, in patients who
failed treatment, the cortisol levels were all greater than 585 nmol/L but
there is substantial overlap between the groups. Thus, although the data
are statistically of interest it remains unclear what practical message can
be taken from this study. In particular, two main questions arise.

How do these data compare with other studies of post-operative
assessment following treatment of Cushing’s disease? In a recent paper,
Atkinson and colleagues present data from Northern Ireland on long-
term remission rates after pituitary surgery for Cushing’s disease. In this
study, they report an overall remission rate of 56% after protracted
follow-up (median duration 115 months; range 1 to 21 years). In this
study, post-operative assessment was carried out using a low dose
Dexamethasone suppression test. Of the subjects who showed a late
relapse (despite an apparent initial remission) three (of ten) had a base-
line cortisol level approximately five days after surgery of less than
50nmol/L, and all ten had baseline cortisols less than the cut-off
described in the current paper of 585 nmol/L. In contrast, of the patients
who apparently remained in remission, fourteen of thirty five subjects
showed a baseline cortisol of greater than 50 nmol/L and two failed a
conventional low dose Dexamethasone suppression test. In only one of
the subjects, however, was baseline cortisol greater than 585 nmol/L.
This study, therefore, suggests that early apparent remission is not, nec-
essarily, associated with a long-term cure (Acebes and colleagues are
also careful to point out that remission does not equate to cure).

The study of Atkinson also confirms the finding of Acebes that some
patients in whom early post-operative cortisol measurements are ele-
vated do have an apparent long-term remission. However, there is no
support from the study of Atkinson for use of a cut-off value of cortisol
(or ACTH) to study patients.

There are a substantial number of other studies that examine post-
operative outcomes following treatment of Cushing’s disease (these are
reviewed by Atkinson). Three relatively recent ones from the UK repre-
sent single-centre experience and are, therefore, comparable to the paper
by Acebes. Reese and colleagues assessed endocrine function *“within
one week” of surgery and reported that baseline cortisol that was
undetectable was a good predictor of immediate remission [2]. However,
they did note that two patients who relapsed also showed undetectable
baseline cortisol levels. In a study from Oxford, Yap and colleagues
assessed endocrine function between three and four days after pituitary
surgery, having withdrawn any steroid supplements 24 hours beforehand
[3]. They concluded that an undetectable post-operative cortisol was not
invariably associated with long-term remission in Newcastle, Chee and
colleagues assessed endocrine function six to eight weeks after pituitary
surgery using a thorough evaluation of pituitary adrenal function [4].
They concluded that there was a wide overlap between subjects who
were in remission and those who relapsed, although mean cortisol levels
in the remission group were lower than in those who had relapsed.
These studies, between them, include a substantial number of patients
and represent, collectively, extensive experience in post-operative assess-
ment of Cushing’s disease. The message that they contain is consistent
with that of Acebes; it is clear that some patients following pituitary
surgery will achieve remission despite having easily detectable baseline
cortisol measurements. The reason for this is not clear — the adrenal
cortex in patients with severe Cushing’s disease will, of course, be hy-
perplastic and will be exquisitely sensitive to very small amounts of
ACTH, possibly produced in the adrenal, that may act in a paracrine
manner to sustain cortisol synthesis. In some circumstances there may,
indeed, be semi-autonomous cortisol production due to adrenal nod-
ule formation. In this circumstance successful removal of an ATCH-
producing adenoma may not, immediately, lead to rapid decline of
adrenal cortisol production.

However, the other finding from the cumulative studies in the United
Kingdom showed that a very low cortisol level post-operatively is not
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always predictive of long-term remission was not reported by Acebes.
Indeed, all of the patients in the present series who failed to achieve
remission had high cortisol levels and those with very low values were in
apparent remission. This discrepancy may be due to several factors.
Firstly, Acebes and colleagues measured cortisol very early after surgery
and all of the other studies performed measurements slightly later
(generally between three days and six weeks post-operatively). The
duration of follow-up by Acebes and colleagues was relatively short in
comparison to the other studies and it may not be safe to assume that all
of the patients whom they classified as being in remission will ultimately
remain so in the long-term. Finally, the biochemical assessment by
Acebes and colleagues was relatively insensitive — they relied on mea-
surement of urinary cortisol excretion to identify potential relapse but
did not perform studies of cortisol diurnal rhythm or of Dexamethasone
suppressability. Had they done so they might have identified early
relapse in some of their subjects.

In summary, therefore, what are we to make of this paper? The
authors have confirmed that a high remission rate can be achieved in
a single centre with an experienced Neurosurgeon operating on patients.
They have shown that there is a wide range of cortisol measurements in
patients following surgery and that there is substantial overlap between
those who achieve remission and those who fail to be cured. Although,
statistically, they have shown a cut-off level of cortisol that can differ-
entiate the two groups, the practical value of this remains unclear — the
message, ultimately, must be that individual patients need to be managed
by a combination of careful clinical and biochemical evaluation. Perhaps
the simplest message is that surgical cure is most likely to be achieved if
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a distinct ACTH-producing adenoma has been identified at the time of
operation and its presence confirmed histologically.
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