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Abstract

Background: Cushing disease (CD) represents the principal
cause of endogenous hypercortisolism. The first-line therapy
of CD is surgical removal of the ACTH-secreting pituitary ad-
enoma, which is generally followed by adrenal insufficiency
(Al). Objective: To analyze the recovery of Al in patients with
CD after pituitary surgery in relation with recurrence and
persistent remission of CD. Patients and Methods: We per-
formed a retrospective analysis of patients with CD who met
the following inclusion criteria: adult age, presence of Al
2 months after the surgical intervention, and a minimum fol-
low-up of 3 years after the surgical intervention. Results: Six-
ty-one patients were followed for a median of 6 years. Ten
(16.4%) patients recurred during follow-up. The patients
who restored adrenal function did so after a median time of
19 months, with a significantly shorter time in the recurrence

group (12.5 vs. 25 months, p = 0.008). All 10 patients who
recurred recovered their adrenal function within 22 months.
The recovery rate of Al in the persistent remission group was
37.3% (19/51) at 3 years and 55.8% (24/43) at 5 years. In all
patients the duration of Al was negatively associated with
disease recurrence. Conclusion: The duration of postsurgical
Al in patients with recurrent CD is significantly shorter than
that in patients with persistently remitted CD, and this pa-
rameter may be a useful predictor of recurrence. Patients
showing a normal pituitary-adrenal axis within 2 years after
surgery should be strictly monitored as they are at higher risk

of disease relapse. ©2019 5. Karger AG, Basel

Introduction
Cushing disease (CD) represents the principal cause

of endogenous hypercortisolism, a condition associated
with important mortality and morbidity. In the absence
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of an adequate treatment, 50% of cases are fatal at an av-
erage of 4.5 years [1]. Furthermore, in a recent multi-
center retrospective study, patients who achieved cure
still showed an increased overall mortality risk, related in
particular to cardiovascular and cerebrovascular diseases
[2]. The first-line therapy of CD is the surgical removal of
the ACTH-secreting pituitary adenoma. As recently re-
ported, the median success rate of neurosurgery is 78%
[3], arriving up to 96% in specialized centers [4]. Never-
theless, approximately one-third of cured patients experi-
ence recurrence of the disease during their lifetime [5], a
condition that requires other therapeutic interventions
such as reintervention, radiotherapy, medical therapy, or
bilateral adrenalectomy. While patients cured by pitu-
itary surgery alone seem to have a long-term survival sim-
ilar to that of the general population, the increased num-
ber of treatments has a negative impact on survival even
when remission is achieved [2].

A successful surgical intervention is generally followed
by adrenal insufficiency (AI) due to the suppressive effect
of cortisol on the hypothalamic-pituitary-adrenal (HPA)
axis or alternatively to pituitary injury occurring during
neurosurgery. Hypopituitarism, including secondary Al,
represents another factor that could increase the mortal-
ity of patients cured from hypercortisolism [6]. Hypoad-
renalism may last from months to years and in some cas-
es is permanent. In this context, normalization of basal
and stimulated plasmatic cortisol that occurs during fol-
low-up of surgically cured patients may represent the re-
covery of the HPA axis or the onset of CD recurrence. It
was demonstrated that patients who recurred during fol-
low-up recovered their adrenal function earlier than pa-
tients with persistent remission [7], but previous studies
assessing the duration of Al after successful pituitary sur-
gery always included the relapsed cases [7-11]. This may
lead to an underestimation of the overall duration of AL

The aim of this study was to analyze the recovery of
adrenal function in patients with CD after pituitary sur-
gery in relation with recurrence and persistent remission
of CD.

Patients and Methods

We performed a retrospective analysis of patients with CD fol-
lowed in our center (Endocrinology Unit, Ospedale Maggiore Po-
liclinico, Fondazione IRCCS Ca’ Granda) between 1990 and 2017
who met the following inclusion criteria: age at surgical interven-
tion >18 years, presence of AI 2 months after the surgical interven-
tion, and a minimum follow-up of 3 years after the surgical inter-
vention.
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The diagnosis of CD was made on the basis of the presence of
typical signs and symptoms of hypercortisolism, along with bio-
chemical evaluation including ACTH and urinary free cortisol
(UEC) levels, low- and high-dose dexamethasone (DXM) suppres-
sion tests, corticotropin-releasing hormone stimulation test, and
bilateral inferior petrosal sinus sampling with corticotropin-re-
leasing hormone when appropriate. Histopathological diagnosis
of a corticotroph tumor and clinical and biochemical remission
following transsphenoidal surgery (TSS) confirmed the diagnosis.
Magnetic resonance imaging was done in all patients.

All neurosurgical interventions were executed using the TSS
approach combined with the microscopic method until 2008 and
with the endoscopic method after 2008. The modification of the
surgical technique in our center was previous analyzed and the
authors concluded that the two techniques were similar in terms
of surgical safety [12]. In addition, in a recent meta-analysis, endo-
scopic surgery did not show a significantly higher rate in terms of
gross total tumor resection in comparison to microscopic surgery
for functioning pituitary adenomas [13]. The goal of the neurosur-
gical team for the first TSS was adenomectomy, hemi-hypophysec-
tomy or total hypophysectomy being reserved for cases that re-
quired surgical reintervention. Immediately after TSS, all patients
received a standard therapy with 25 mg cortisone acetate per day
divided in two or three doses. Patients were evaluated 2 months
after pituitary surgery, then every 6 months in the first 3 years and
once a year thereafter.

The diagnosis of Al was based on morning serum cortisol levels
<3 pg/dL or lack of cortisol response to a 1 pg/250 pg Synacthen
stimulation test, using a cutoff value of 18 ug/dL. Until 1998, adre-
nal function was studied with a 250 pg Synacthen test. After 1998,
after the demonstration at our institution of its usefulness [14], a
1 ug Synacthen test was adopted as the routine test in patients with
pituitary diseases.

The baseline cortisol and the Synacthen stimulation test were
performed at 8.00-8.30 a.m. in the fasting condition. Patients
were advised to discontinue their substitutive therapy with cor-
tisone acetate 24 h before the hormonal evaluation. In case of
negligence, the evaluation was postponed to the next day. Other
pharmacologic interferences such as the use of contraceptive
pills, opiates, or other glucocorticoid treatments were excluded.
Until 2009, serum cortisol levels were determined by an immu-
nofluorometric assay (AutoDelfia kit; Wallac Oy, Turku, Fin-
land). After 2009, an electrochemiluminescence immunoassay
(Cobas; Roche Diagnostic GmbH) was used. The normal range
and cutoff for the Synacthen tests were similar for both methods.
After 2017, cortisol levels at our institution were measured with
Roche Cortisol II. This method generates cortisol levels approx-
imately 30% lower than the older immunoassay, with a conse-
quent change in cutoff levels to define hypoadrenalism. Howev-
er, the patients studied in this case series were evaluated previ-
ously to the change of cortisol assay. All patients with AI were
considered cured. The patients who recovered their adrenal
function were screened immediately for recurrence, then every
6 months in the first 3 years and once a year thereafter.

Disease recurrence was defined as elevated UFC levels in at
least two samples and a positive DXM suppression test (over-
night 1 mg or standard 2-day DXM suppression test, cortisol
>1.8 pg/dL) associated with reappearance of clinical signs of dis-
ease. Because of high variability of the UFC normality range, we
preferred to use relative UFC (UFC, upper normal limit ratio).
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Table 1. General characteristics of all patients divided in two subgroups according to CD recurrence

Total Recurrence Remission p value
Number of patients 61 10 51 -
Female, % 80.3 80 80.3 0.97
Mean age at diagnosis, years 41+14 42+14.6 40.8+14 0.74
Mean body mass index, kg/m? 27.5+6.1 25+3.6 27+6.4 0.2
Cortisol hypersecretion characteristics
Mean baseline cortisol, pg/dL 25%10.3 30+13 2449.5 0.12
Mean baseline ACTH, pg/mL 52.5+25.6 53£16 51427 0.86
Median relative UFC 2.1(1.3-4.3) 3.2 (1.8-6.2) 2.1(1.3-4.3) 0.38
Mean cortisol after 1 mg DXM, ug/dL 13.8+8.1 14+8.7 13.7+8.1 0.9
Median disease duration prior to TSS®, months 36 (15-72) 26 (15.5-43.5) 36 (15-48) 0.86
Radiologic adenoma features
Microadenoma 43/61 6/10 37/51 0.4
Macroadenoma 7/61 2/10 5/51 0.3
Negative imaging 11/61 2/10 9/51 0.8
Endoscopic TSS 22/61 3/10 19/51 0.73
Immunohistochemical features
ACTH+ 37/40 1/6 2/34 0.4
Post-TSS characteristics
Mean baseline cortisol, pug/dL 2.7+2.1 3.3+1.9 2.6+2.1 0.4
Cortisol after Synacthen 1 ug, pg/dL 8.6+3.7 9.7+4.5 8.2+3.6 0.65
Cortisol after Synacthen 250 pg, pg/dL 7.7+4.8 7.7+4.8
Median follow-up, years 6 (4-11) 7.5 (3.75-11) 6 (4-11) 0.97
Median recovery time from AI, months 19 (6-31) 12.5 (7.8-18.2) 25(12-40.9) 0.008
Growth hormone insufficiency 18/61 1/10 17/51 0.25
Thyroid-stimulating hormone insufficiency 13/61 1/10 12/51 0.67
GN insufficiency 13/61 1/10 12/51 0.67
Diabetes insipidus 7161 3/10 4/51 0.08
At least one additional pituitary deficiency 30/61 3/10 27/51 0.3
At least two additional pituitary deficiencies 13/61 1/10 12/51 0.67
At least three additional pituitary deficiencies 7/61 1/10 6/51 1
Other TSS complications 12/55 1/9 11/46 0.88

Values in parentheses represent interquartile ranges. Al, adrenal insufficiency; CD, Cushing disease; DXM, dexamethasone; TSS,
transsphenoidal surgery; UFC, urinary free cortisol. * Disease duration was defined as the interval between the first signs and symptoms

reported by the patient and the surgical intervention.

As mentioned above, a comprehensive study of pituitary func-
tion after TSS was assessed. Central hypothyroidism was diag-
nosed in the presence of low free thyroxine level associated with
low or normal thyroid-stimulating hormone values. Central hy-
pogonadism in men was defined by low total testosterone levels
associated with normal or low gonadotropins (luteinizing hor-
mone, follicle-stimulating hormone) in women of fertile age by
clinical findings (amenorrhea or oligomenorrhea) associated
with low 17-beta estradiol levels and low or normal gonadotro-
pins and in postmenopausal women by the absence of high fol-
licle-stimulating hormone levels. Growth hormone secretion
was assessed using the following stimulation tests: insulin tol-
erance test or growth hormone-releasing hormone-arginine

Postsurgical Recovery of Adrenal
Function in Cushing Disease

test, considering for the insulin tolerance test a cutoff value of
5.1 ug/L and for the growth hormone-releasing hormone-argi-
nine test 4.1 ug/L [15]. Finally, diabetes insipidus was defined as
emission of a high volume (>40 mL/kg/day) of hypoosmotic
urine.

Statistical Analysis

Categorical data are presented as percentage and proportion
and were analyzed using the ¥ test or the Fisher exact test if the
expected value was <5. Continuous parameters with normal dis-
tribution were described as mean + standard deviation and com-
pared using the ¢ test. Non-Gaussian data were analyzed using me-
dian and interquartile range (IQR). Recovery of adrenal function
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Fig. 1. Cumulative probability of recovery of adrenal function in
the two subgroups. Al, adrenal insufficiency.

and disease relapse were analyzed using survival analysis (Kaplan-
Meier curves, log-rank test, and Cox regression, as appropriate).
All statistical analyses were performed using SPSS 21 (IBM, Cary,
NC, USA).

Results

Of 115 patients diagnosed with CD at our center
and operated and followed between 1990 and 2017, 75
had AI at 2 months, the remaining 40 having one of the
following conditions: normal pituitary function (10 pa-
tients), persistent CD (16 patients), 2 were <18 years, and
6 had incomplete data. Of the 75 patients only 61 were
followed for at least 3 years. The patients were divided
into two groups according to the presence or absence of
CD recurrence during follow-up. The patient character-
istics are summarized in Table 1. In patients with nega-
tive imaging the confirmation of CD diagnosis was per-
formed in 8 of 11 cases using inferior petrosal sinus sam-
pling. In the remaining cases, the concordance between
a positive corticotropin-releasing hormone test and a
positive DXM 8 mg overnight suppression test was con-
sidered sufficient to justify the diagnosis of CD. Of note,
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Fig. 2. Duration of Al in the two subgroups. Al adrenal insuffi-
ciency; CD, Cushing disease.

4 patients had received previous therapies: 3 had a previ-
ous pituitary surgical intervention and treatment with
ketoconazole, while 1 received only ketoconazole. Keto-
conazole was discontinued the week before the surgical
intervention. No patient had cranial or pituitary radio-
therapy or pituitary radiosurgery before the surgical in-
tervention or during follow-up, in the absence of CD re-
currence. Of 3 patients who were reoperated only 1 had
a total hypophysectomy.

The median follow-up was 6 years, ranging from 3
to 27 years (IQR 4-11). Overall, the median recovery
time of adrenal function was 19 months (IQR 6-31),
and it was the only variable that significantly differed
between the two groups (Table 1). Of 61 patients with
Al 49% presented at least one additional pituitary de-
ficiency. Growth hormone secretion was most fre-
quently impaired (29.5% of cases), followed by central
hypothyroidism and hypogonadism with a similar dis-
tribution (21% of cases) and lastly diabetes insipidus
(Table 1). Also, 21.8% (12/55) patients presented other
TSS complications: 9 had intraoperative or postopera-
tive cerebrospinal fluid leak, 1 hematoma, and 2 hypo-
natremia, with no difference between the two groups
(Table 1).
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Table 2. Sensitivity, specificity, PPV, and NPV for the recovery time of AI predicting CD recurrence

Recovery within 22 month CD recurrence Persistent remission Total population
Yes 10 10 20 PPV 10/20 = 50%
No 0 41 41 NPV 41/41 = 100%

sensitivity 10/10 = 100%

specificity 41/51 = 80.4% 61

Al, adrenal insufficiency; CD, Cushing disease; NPV, negative predictive value; PPV, positive predictive value.

Recovery of Adrenal Function in Patients with

Persistent Remission

Fifty-one patients were still in remission at the last fol-
low-up visit. As shown in Figure 1, the recovery rate of
adrenal function in the persistent remission group was
37.3% (19/51) at 3 years and 55.8% (24/43) at 5 years, with
a cumulative rate of 52.9% (27/51). At least one addition-
al pituitary deficiency was detected in 52.9% (27/51) pa-
tients (Table 1). The recovery rate of adrenal function in
patients with an otherwise normal postoperative pituitary
function was 58.3% (14/24) at 3 years and 84.2% (16/19)
at 5 years, with a cumulative rate of 70.8% (17/24).

Using univariate Cox regression, the recovery of adre-
nal function was negatively associated with younger age
(OR 0.96, CI 0.92-0.99, p = 0.015) and absence of other
pituitary deficits (OR 0.28, CI 0.12-0.67, p = 0.004). In
multivariate Cox regression that included age, hypopitu-
itarism, duration of CD before surgical intervention, rel-
ative UFC cortisol post DXM 1 mg overnight prior to sur-
gical intervention, and the year of TSS, the only signifi-
cant predictor was residual pituitary function.

In patients who recovered adrenal function during fol-
low-up, the median duration of AI was 25 months (IQR
13-40.9) and remained almost unchanged (25 months,
IQR 12.6-47) after excluding 3 patients who had received
previous therapies (ketoconazole, TSS). The duration of
AT was positively correlated with the duration of CD be-
fore surgical intervention (Spearman correlation coeffi-
cient 0.42, p = 0.014), but it was not associated with the
severity of cortisol hypersecretion (serum cortisol post
DXM, relative UFC).

Recovery of Adrenal Function in Patients with CD

Recurrence

A total of 10 patients presented a recurrence during
follow-up (16.4%). The recurrence rate was 9.8% (6/61)
at 3 years and 16.3% (7/43) at 5 years, and the cumulative
recurrence rate was 16.4% (10/61). Recurrence occurred

Postsurgical Recovery of Adrenal
Function in Cushing Disease

between 0.6 and 16 years with a median of 1.2 years. The
time needed to achieve recovery of adrenal function was
significantly lower in the recurrence group compared to
the persistent remission group (median Al time 12 vs. 25
months, p = 0.01) (Table 1; Fig. 2). Cox regression at 10
years showed that the time needed to achieve recovery of
adrenal function was negatively associated with disease
recurrence (OR 0.91, CI 0.83-1, p = 0.05). All patients
with CD recurrence recovered their adrenal function
within 22 months from surgery; recovery within 22
months had a positive predictive value (PPV) of 50% and
a negative predictive value (NPV) of 100% (Table 2). The
interval between recovery of adrenal function and CD re-
currence varied from 0 to 15.5 years, with a median of
1.1 years.

Discussion

In this study we investigated the relationship between
the time of postsurgical recovery of adrenal function and
the risk of disease recurrence in a cohort of patients with
CD treated at our center and followed for a minimum of
3 years. The cumulative recurrence rate in our study was
16.3%. Recently, Fleseriu et al. [5] performed a review of
74 studies showing that recurrence rates ranged from 0 to
65% with a median of 10.6%. The wide range was likely a
consequence of high variability of the patient population
included in each study, definition of recurrence, and du-
ration of follow-up. Analyzing only those studies with
similar criteria of recurrence to those used in the present
study (high UFC, lack of suppression of low-dose DXM
suppression test), a cumulative recurrence rate ranging
from 9 to 34% was reported [16-20]. In our group of pa-
tients, the recurrence rate increased with the length of
follow-up, confirming that patients with CD in apparent
remission after surgery need a potential lifelong follow-
up. Notably, recurrence may occur even 16 years after the
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operation, although the median recurrence in our pa-
tients was after 1.2 years. In this particular case, we ob-
served disease recurrence 15.5 years after normalization
of adrenal function. Although in this patient the recovery
of cortisol secretion might have had a physiological mech-
anism, for the moment it is difficult to define a period of
time between the recovery of adrenal function and dis-
ease recurrence that may predict a physiological or a
pathological recovery of the HPA axis.

Similarly, the recovery rate of adrenal function in pa-
tients with persistent disease remission increases during
follow-up both in patients with and without other pitu-
itary deficiencies, underlining the need for periodic re-
evaluation in order to avoid unnecessary chronic gluco-
corticoid replacement therapy. The median recovery time
of Al in all patients was 19 months, similar to the mean
recovery time reported in other studies that ranged be-
tween 11.4 and 25 months [8-11]. Of note, the studies
mentioned above included also those cases that recurred
during follow-up, but in these cases cortisol secretion has
a tumoral origin, the recurrence being caused by the
growth of a residual microscopic tumor [21]. Consider-
ing only those patients with persistent remission of CD,
the median recovery time of adrenal function was 25
months and was significantly longer in respect to patients
who experienced disease recurrence. Another factor that
could affect the duration of Al is previous therapy, in this
case previous TSS and ketoconazole, therefore we re-
assessed the duration of Al, excluding the 4 pretreated
patients, and the result was similar.

The recovery of adrenal function in patients persis-
tently remitted during follow-up was associated with
younger age at surgical intervention, in agreement with
other studies [7, 8, 22], while there is only one paper
showing the contrary [11]. The presence of other pitu-
itary insufficiencies, which represent one of the most
common complications of pituitary surgery, had also a
negative impact on the recovery of adrenal function,
probably as a result of more aggressive and radical surgi-
cal intervention, as previously suggested [16]. In addi-
tion, as the quality of surgical intervention might have
improved in the last decade as the neurosurgical tech-
nique changed and the experience of the surgical team
increased, we investigated the impact of year when TSS
was performed on the recovery of adrenal function, but
no significant association was found.

Flitsch et al. [22] examined the preoperative findings
of 86 patients with CD with different duration of hypo-
cortisolism after surgery, showing that the recovery time
of adrenal function during follow-up was positively cor-
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related with disease duration prior to surgical interven-
tion, although this correlation did not reach statistical sig-
nificance. Furthermore, in patients necessitating phar-
macologic glucocorticoid treatment, the duration and
cumulative dose of steroids were independent predictors
of AI [23]. In our patients, the duration of AI was posi-
tively correlated with the duration of CD, but not with the
severity of cortisol hypersecretion. However, we were un-
able to retrospectively calculate the cumulative exposi-
tion to excess cortisol, which would probably be the most
important parameter but is very difficult to calculate, re-
quiring to take into account the severity for each year of
exposition from the beginning of the disease (and not
only from the time of diagnosis).

Most previous studies focused on the identification of
predictive factors of remission or recurrence in patients
with CD. Even if these studies observed that recurrence
was associated with the presence of macroadenoma [17],
preoperative negative imaging of the tumor [24], younger
age, and severity of cortisol secretion prior to surgical in-
tervention [25, 26], in the present study the only predic-
tive factor for CD recurrence was the duration of postsur-
gical AL This finding is consistent with a recent report by
Alexandraki et al. [8], who performed a single-center ret-
rospective analysis of a large cohort of CD patients with
a prolonged follow-up. All 10 patients who recurred re-
covered their adrenal function within 22 months, but in
the meantime the same number of patients restored their
adrenal function despite maintaining remission during
follow-up. This observation confirms the results by Ale-
xandraki et al. [8], who showed that recovery within 2
years had an NPV of 98.1% and a PPV of 59.3%, with a
slightly higher PPV probably as a consequence of alonger
follow-up. In a similar way, Berr et al. [7] showed that in
54 patients with CD, the recovery of adrenal function oc-
curred within 3 years in case of subsequent disease recur-
rence.

The strengths of this study are the strict criteria of pa-
tient selection and the analysis of adrenal function recov-
ery excluding patients with recurrent CD. There are also
some limitations to consider, in particular the retrospec-
tive character of the analysis, the relatively short mini-
mum follow-up of 3 years, and the lack of data concerning
late-night salivary cortisol, which were collected only for
more recent patients and which could represent an early
marker of the tumoral secretion of cortisol [27].

In conclusion, our study shows that the duration of Al
after pituitary surgery in patients with CD is significantly
shorter in recurrent CD than in the persistent remission
group. After the exclusion of relapsed cases, the duration of
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Al assessed in the present study was slightly longer com-
pared with previous studies and was negatively associated
with younger age and absence of other pituitary deficiencies.
Finally, the duration of Al may be a useful predictor of CD
recurrence, and those patients who show a normal pituitary-
adrenal axis within 2 years after surgery should be strictly
monitored as they are at higher risk of disease relapse.
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