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Abbreviations
ACTH  adrenocorticotropic hormone
CD  Cushing’s disease
CT  computed tomography
DI  diabetes insipidus
ETS  endoscopic endonasal transsphenoidal surgery
MRI  magnetic resonance imaging
MTS  microscopic transsphenoidal surgery

Introduction

Cushing’s disease (CD) arises from an adrenocorticotropic 
hormone (ACTH)-secreting pituitary adenoma, leading 
to excessive endogenous glucocorticoid production [1]. 

  Mustafa Berker
msberker@gmail.com

1 Department of Neurosurgery, Faculty of Medicine, Hacettepe 
University, Ankara, Turkey

2 Department of Neurosurgery, Miller School of Medicine, 
University of Miami, Miami, FL, USA

3 Department of Endocrinology and Metabolism, Faculty of 
Medicine, Hacettepe University, Ankara, Turkey

4 Department of Neurosurgery, Hacettepe University School of 
Medicine, Sihhiye, Ankara 06230, Turkey

Abstract
Purpose The success and outcomes of repeat endoscopic transsphenoidal surgery (ETS) for residual or recurrent Cushing’s 
disease (CD) are underreported in the literature. This study aims to address this gap by assessing the safety, feasibility, and 
efficacy of repeat ETS in these patients.
Methods A retrospective analysis was conducted on 56 patients who underwent a total of 65 repeat ETS performed by a 
single neurosurgeon between January 2006 and December 2020. Data including demographic, clinical, laboratory, radio-
logical, and operative details were collected from electronic medical records. Logistic regression was utilized to identify 
potential predictors associated with sustained remission.
Results Among the cases, 40 (61.5%) had previously undergone microscopic surgery, while 25 (38.5%) had prior endo-
scopic procedures. Remission was achieved in 47 (83.9%) patients after the first repeat ETS, with an additional 9 (16.1%) 
achieving remission after the second repeat procedure. During an average follow-up period of 97.25 months, the recurrence 
rate post repeat surgery was 6.38%. Sustained remission was achieved in 48 patients (85.7%), with 44 after the first repeat 
ETS and 4 following the second repeat ETS. Complications included transient diabetes insipidus (DI) in 5 (7.6%) patients, 
permanent (DI) in 2 (3%) patients, and one case (1.5%) of panhypopituitarism. Three patients (4.6%) experienced rhinorrhea 
necessitating reoperation. A serum cortisol level > 5 µg/dL on postoperative day 1 was associated with a reduced likelihood 
of sustained remission.
Conclusion Repeat ETS is a safe and effective treatment option for residual or recurrent CD with satisfactory remission rates 
and low rates of complications.
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The reported incidence of CD varies from 0.7 to 2.4 cases 
per million individuals annually [2–6]. Hypercortisolism 
impacts every bodily system and is linked to elevated mor-
bidity and mortality risks [7, 8]. Therefore, prompt CD 
diagnosis and management are crucial to enhance patient 
outcomes.

Transsphenoidal surgery remains the primary treatment 
for CD, and have been associated with satisfactory remis-
sion rates ranging from 65 to 94% [2, 3, 5, 9–11]. Two sur-
gical techniques are utilized: microscopic and endoscopic 
approaches. While both methods are effective, studies 
indicate that endoscopic transsphenoidal surgery (ETS) 
offers higher rates of complete tumor removal and lower 
complication rates [12–14]. ETS holds advantages over 
microscopic transsphenoidal surgery (MTS) due to superior 
tumor visualization, especially for laterally invasive tumors 
and macroadenomas [15]. Since its introduction in 1997, 
ETS has gained popularity and is now the standard surgical 
approach for managing CD [16].

Remission rates post-ETS for CD treatment range from 
77 to 90% [17–22]. Despite ETS’s technical benefits and 
favorable outcomes, recurrence rates for Cushing’s dis-
ease after successful ETS range between 5.6% and 22.8% 
[17, 18, 22, 23]. Reoperating for residual or recurrent CD 
presents challenges due to altered surgical landmarks and 
scar tissue formation from previous surgeries, potentially 
elevating morbidity, and mortality risks [24, 25]. Limited 
literature exists on the success and outcomes of repeat endo-
scopic transsphenoidal surgery for residual or recurrent CD. 
This study aims to address this gap by assessing the safety, 
feasibility, and efficacy of repeat ETS in patients with resid-
ual or recurrent Cushing’s disease.

Methods

Study design

This is a retrospective cohort study of repeat endoscopic 
transsphenoidal surgery for residual or recurrent Cushing’s 
disease. All patients underwent endoscopic endonasal trans-
sphenoidal surgery by the senior author between 2006 and 
2020. The study protocol was approved by the local ethics 
committee for clinical studies.

Patient selection

The study participants were selected based on specific 
inclusion and exclusion criteria. Inclusion criteria were as 
follows: (i) a confirmed diagnosis of Cushing’s disease, 
(ii) prior transsphenoidal surgery, and (iii) confirmation of 
residual or recurrent CD through clinical, laboratory, and/or 

imaging assessments. Exclusion criteria included: (i) prior 
craniotomy without transsphenoidal surgery, (ii) previous 
radiotherapy before reoperation, (iii) inaccessible clinical, 
laboratory, or radiological data, and (iv) follow-up duration 
of less than 6 months.

Diagnostic criteria

Each patient underwent thorough screening for active 
Cushing’s disease. An increased 24-hour urine cortisol 
level > 45 µg/day or a serum fasting cortisol level exceed-
ing 1.8 µg/dl following a low-dose (2 mg) dexamethasone 
suppression test was deemed abnormal. Subsequently, a 
high-dose (8 mg) dexamethasone test was administered, 
and a reduction of 50% or more from the baseline value was 
indicative of active Cushing’s disease. Due to the technical 
limitations of the institution that the research has been done, 
late-night salivary cortisol tests were not performed. Early 
remission was characterized by a fasting serum cortisol 
level below 5 µg/dl on the 1st and 7th postoperative days. 
Patients displaying a serum cortisol level below 1.8 µg/dl 
after the low-dose dexamethasone suppression test or those 
requiring continued corticosteroid replacement post-surgery 
were considered to maintain remission. The presence of a 
residual adenoma on postoperative magnetic resonance 
imaging (MRI) confirmed residual disease.

Routine follow-up protocol

Patients were evaluated for Cushing’s disease symptoms 
before surgery and monitored at 6 months after surgery, as 
well as during yearly check-ups for any changes in their 
condition. Fasting serum ACTH and cortisol levels were 
measured in the morning before surgery, on the 1st and 
7th days after surgery, at the 1st, 3rd, and 6th months, and 
during yearly follow-up appointments. Prior to surgery, all 
patients underwent contrast-enhanced pituitary MRI and 
paranasal sinus CT scans. Follow-up pituitary MRI scans 
were conducted on the 1st day, at 3 and 12 months after 
surgery, and then annually thereafter.

Data collection

Data from electronic medical records were gathered, 
encompassing demographic, clinical, laboratory, radio-
logical, and operative details. Laboratory assessments 
comprised an anterior pituitary hormone panel (Follicle-
stimulating hormone [FSH], Luteinizing hormone [LH], 
Thyroid-stimulating hormone [TSH], Prolactin [PRL], 
Growth hormone [GH]), serum electrolytes, preoperative 
and postoperative serum ACTH, and cortisol levels. Patient 
records, along with CT and MRI scans, were scrutinized to 
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document preoperative tumor characteristics such as size, 
multifocality, relationship with the cavernous sinus, Hardy-
Wilson classification of sellar destruction, and suprasellar 
extension. Tumors larger than 10 mm were classified as 
macroadenomas. The operative database was examined to 
collect data on previous surgeries, including the number and 
dates of prior procedures, as well as the surgical techniques 
utilized. Outcome measures comprised remission rates and 
surgical complications.

Statistical analysis

Statistical analysis was conducted utilizing SPSS 23.0 
software (IBM, New York). Two-group comparisons were 
performed using Chi-square and Fisher’s exact tests for 
categorical variables and Student’s t-test for continuous 
variables. Categorical variables were presented as numbers 
and percentages, while continuous variables were presented 
as means ± SD or median [IQR]. Logistic regression was 
performed to investigate potential predictors linked to sus-
tained remission. A p-value of < 0.05 was deemed statisti-
cally significant.

Results

Baseline characteristics

Supplementary File 1 displays the demographic characteris-
tics of the patient cohort.

A retrospective analysis was conducted on 190 patients 
who underwent a total of 212 operations for CD at our 
department between January 2006 and December 2020. 
Among them, 56 patients, comprising 65 repeat endonasal 
transsphenoidal surgeries due to either recurrence (n = 18, 
27.7%) or residual disease (n = 47, 72.3%), were identi-
fied. The majority of patients were female (n = 48, 85.7%), 
with a mean age of 37.6 ± 12.4 years. Of the 56 patients, 43 
(76.8%) were referred from another institution. Most patients 
(n = 42, 75%) had undergone only one prior surgery, while 
12 patients (21.4%) had a history of two previous surgeries, 
and 2 patients (3.6%) had undergone three prior surgeries 
before referral to our center. The average follow-up dura-
tion since the first repeat ETS was 97.2 ± 36.8 months. The 
mean time to recurrence was 80.2 ± 61.1 months (median 75 
months, range 23.2 to 103.5 months).

Hormonal data

Table 1 depicts the preoperative and postoperative serum 
ACTH and cortisol levels. The average preoperative 
serum cortisol levels for the entire patient cohort stood at 

18.7 ± 11.1 µg/dL (median 17, range 12-24.6). The median 
preoperative 24-hour urine free cortisol level was 237 µg /
day [188.5–425.5]. On the initial postoperative day, the mean 
serum cortisol levels for all patients were 13.4 ± 13.8 µg/dL 
(median 6.4, range 1.7–21). In 46.2% of cases (n = 30), cor-
tisol levels on the first postoperative day were below 5 µg/
dL (< 2 µg/dL in 33.8%). A comparison of the mean preop-
erative and postoperative serum ACTH and cortisol levels 
between the groups with residual disease and recurrence is 
detailed in Table 1.

Radiological findings

In the entire case cohort, there were 41 microadenomas 
(63.1%) and 24 macroadenomas (36.9%). Fifteen cases 
(23.1%) exhibited bifocal adenomas. Adenoma extension 
into the cavernous sinuses, indicated by cavernous sinus 
wall displacement, was present in 21 cases (32.3%), while 
invasion into the cavernous sinuses was observed in 10 
cases (15.4%). Based on the Hardy-Wilson Classification, 
there were 38 Grade I adenomas (58.5%), 16 Grade II ade-
nomas (24.6%), 6 Grade III adenomas (9.2%), and 5 Grade 
IV adenomas (7.7%). Thirty patients (46.2%) presented 
with Stage A adenoma, 7 (10.8%) with Stage B adenoma, 2 
(3.1%) with Stage C adenoma, 1 (1.5%) with Stage D ade-
noma, and 25 (38.5%) with Stage E adenoma. As indicated 
in Table 1, there were no statistically significant differences 
between patients with residual disease and recurrence con-
cerning radiological findings.

Surgical characteristics

A single surgeon conducted all 65 reoperations. Among 
these, 47 patients (72.3%) underwent repeat ETS due to 
residual disease, while 18 (27.7%) did so due to recur-
rence. The previous surgical technique was microscopic 
in 40 cases (61.5%) and endoscopic in 25 cases (38.5%). 
Microscopic transsphenoidal surgeries were exclusively 
performed at other institutions. There was a notable dispar-
ity between patients with residual disease and recurrence 
regarding the technique of the previous surgery. Residual 
disease occurrence following endoscopic transsphenoidal 
surgery was less frequent (n = 11/25, 44%) compared to 
after microscopic transsphenoidal surgery (n = 36/40, 90%; 
p < 0.001) (Table 1). Immunohistochemical staining of the 
specimens indicated that 55 cases (85%) exhibited ACTH-
positive adenoma. Nevertheless, all patients with a negative 
pathology at the repeat surgery had a confirmed ACTH-
adenoma at the first surgery. Of the 10 patients (15%) with 
a negative ACTH-positive adenoma pathology, two patients 
underwent inferior petrosal sinus sampling (IPSS) previ-
ously and were confirmed to have CD. Remaining patients 
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adenoma intraoperatively. Therefore, negative pathology in 
the repeat surgery is most likely due to sampling error.

Outcomes

As depicted in Fig. 1, among the 56 patients, 47 (83.9%) 
experienced initial remission following the first repeat 

did not undergo an additional inferior petrosal sinus sam-
pling (IPSS) because all functional test results indicated a 
central source and MRI confirmed pituitary microadenoma 
in all cases. Notably, there are studies reporting that IPSS 
may not be required in patients with a sellar mass and a bio-
chemical testing suggestive of CD [26, 27]. Additionally, we 
also explored both sides of the pituitary and confirmed the 

Variable Total (n = 65) Residual Dis-
ease (n = 47)

Recurrence 
(n = 18)

p-value

Technique of the previous surgery < 0.001
 MTS 40 (61.5) 36 (76.6) 4 (22.2)
 ETS 25 (38.5) 11 (23.4) 14 (77.8)
Tumor size
 Microadenoma 41 (63.1) 30 (63.8) 11 (61.1) 0.839
 Macroadenoma 24 (36.9) 17 (36.2) 7 (38.9)
Multifocality
 Unifocal 50 (76.9) 37 (78.7) 13 (72.2) 0.743
 Bifocal 15 (23.1) 10 (21.3) 5 (27.8)
Relation to cavernous sinus
 Extension 21 (32.3) 15 (31.9) 6 (33.3) 0.589
 Invasion 10 (15.4) 6 (12.8) 4 (22.2)
 No relationship 34 (52.3) 26 (55.3) 8 (44.4)
Hardy-Wilson Classification 0.339
 Grade
  I 38 (58.5) 25 (59.5) 8 (57.1)
  II 16 (24.6) 8 (19) 5 (5)
  III 6 (9.2) 6 (14.3) 1 (7.1)
  IV 5 (7.7) 3 (7.1) 0 (0)
 Stage 0.443
  A 30 (46.2) 19 (45.2) 7 (50)
  B 7 (10.8) 4 (9.5) 3 (21.4)
  C 2 (3.1) 2 (4.8) 0 (0)
  D 1 (1.5) 0 (0) 0 (0)
  E 25 (38.5) 17 (40.5) 4 (28.6)
Laboratory values
 Preoperative serum ACTH (pg/mL) 182.71 ± 577.08

60.5 [37.15–104.5]
220.7 ± 675.73 83.5 ± 61.7 0.395

 Preoperative serum Cortisol (µg/dL) 18.75 ± 11.16
17 [12-24.65]

19.18 ± 12.11 17.64 ± 8.39 0.621

 Postoperative serum ACTH (pg/mL) 43.29 ± 50.2
25.5 [15.8–53.7]

43.07 ± 45.42 43.94 ± 63.96 0.953

 Postoperative serum Cortisol (µg/dL) 13.41 ± 13.85
6.45 [1.77–21.01]

14.62 ± 14.52 10.25 ± 11.7 0.259

POD 1 Cortisol level 0.700
 >5 µg/dL 35 (53.8) 26 (55.3) 9 (50)
 ≤5 µg/dL 30 (46.2) 21 (44.7) 9 (50)
Tumor pathology 0.198
 ACTH + adenoma 55 (85) 40 (85.1) 15 (83.3)
 Crooke degeneration 2 (3) 1 (2.1) 1 (5.6)
 Pituitary hyperplasia 2 (3) 1 (2.1) 1 (5.6)
 Normal pituitary tissue 6 (9) 5 (10.6) 1 (5.6)
Result of reoperation 0.740
 Remission 51 (78.5) 36 (76.6) 15 (83.3)
 Residual disease 14 (21.5) 11 (23.4) 3 (16.7)

Table 1 Cohort overview and 
comparison of recurrence and 
residual disease groups

Values are shown as number 
(%), mean ± SD or median [IQR] 
unless otherwise indicated
Abbreviations MTS, microscopic 
transsphenoidal surgery; ETS, 
endoscopic transsphenoidal 
surgery; ACTH, adrenocortico-
tropic hormone; POD 1, postop-
erative day 1
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Factors predisposing to unsuccessful repeat 
endoscopic transsphenoidal surgery

Among the 42 patients who underwent repeat ETS for resid-
ual disease, 9 (21.4%) still had residual disease after the first 
repeat ETS. We conducted a multivariable logistic regres-
sion analysis to explore potential risk factors for unsuccess-
ful repeat ETS. However, the analysis did not reveal any 
significant association between the success of repeat ETS 
and factors such as extension or invasion into cavernous 
sinuses, sellar or parasellar extension, or tumor size (Sup-
plementary File 1).

Potential predictors of sustained remission

We conducted a multivariable logistic regression analy-
sis to investigate possible predictors of sustained remis-
sion. The variables included in the analysis are detailed in 
Table 5. The results indicated that having a serum cortisol 
level exceeding 5 µg/dL on postoperative day 1 was linked 
to a decreased likelihood of achieving sustained remission 
(Odds ratio [OR] 0.09, 95% confidence interval [CI] 0.01–
0.52, p = 0.006) (Table 2).

ETS, while 9 (16.1%) still had residual adenoma. Within 
the group achieving initial remission, 44 patients (93.6%) 
maintained remission without the need for further surgeries, 
while 3 (6.4%) experienced recurrence during follow-up 
and required a second repeat ETS.

Among the 9 patients with residual disease after the first 
repeat ETS, 1 (11.1%) opted to defer further treatment, 1 
(11.1%) received radiotherapy, 1 (11.1%) chose adrenalec-
tomy, and 6 (66.7%) underwent a second repeat ETS. Of the 
9 patients who underwent a second repeat ETS due to resid-
ual disease or recurrence, 4 (44.4%) sustained remission, 5 
(55.6%) still had residual disease, but 3 of them deferred 
further treatment, 1 received radiotherapy, while 1 achieved 
remission after adrenalectomy. Overall, 78.5% (n = 51) of 
the entire case cohort achieved remission following repeat 
ETS. Representative cases are presented in Fig. 2.

Transient diabetes insipidus (DI) developed in 5 patients 
(7.6%), while 2 (3%) experienced permanent DI follow-
ing repeat ETS. Intraoperative cerebrospinal fluid (CSF) 
leak occurred in 20 operations (30.7%). Three patients 
(4.6%) developed rhinorrhea and required reoperation. Five 
patients (7.6%) developed prolactin deficiency, 3 patients 
(4.6%) had GH deficiency, and another 3 patients (4.6%) 
had TSH deficiency requiring thyroxine replacement. Four 
patients (6.2%) had combined deficiencies in TSH, FSH, 
LH and prolactin, while one patient (1.5%) developed pan-
hypopituitarism following the second repeat ETS.

Fig. 1 Outcomes of repeat endoscopic transsphenoidal surgery for residual or recurrent Cushing’s disease
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Discussion

Transsphenoidal surgery remains the established standard 
for treating Cushing’s disease, with demonstrated remission 
rates ranging from 65 to 94%, contingent upon the surgeon’s 
expertise and remission criteria [2, 3, 5, 9–11]. The advent 
of endoscopic techniques has notably augmented this 
approach, offering wider visibility, reduced nasal trauma, 
and shorter hospital stays [16, 25, 28, 29]. While the effec-
tiveness of ETS in managing CD is well-documented, lit-
erature on its efficacy in treating residual or recurrent cases 
is limited. Our study addresses this gap by assessing the 
safety, feasibility, and outcomes of repeat ETS for patients 
with persistent or recurrent Cushing’s disease.

In our study, 56 patients underwent 65 repeat ETS pro-
cedures for residual or recurrent Cushing’s disease. Mean 
follow-up duration was 97.2 ± 36.8 months, which is one 
of the longest follow-up durations that has been reported 
following repeat endoscopic transsphenoidal surgery [5, 
30–32]. Of these patients, 40 (61.5%) had previously under-
gone microscopic surgery, while 25 (38.5%) had under-
gone prior endoscopic procedures. Importantly, a notable 
difference emerged between patients with residual disease 
and those experiencing recurrence regarding the prior sur-
gical approach, with residual disease being less frequent 
after endoscopic surgery compared to microscopic sur-
gery (p < 0.001). This variance was expected, as numerous 

Table 2 Logistic regression analysis of potential predictors for contin-
ued remission
Variable OR (95% CI) p-value
Age 1.003 (0.94–1.06) 0.913
Gender
 Female Reference
 Male 0.43 (0.06–2.88) 0.387
Indication for repeat ETS
 Residual disease Reference
 Recurrence 1.2 (0.25–5.68) 0.812
Tumor size
 Microadenoma Reference
 Macroadenoma 0.94 (0.18–4.79) 0.948
Relation to cavernous sinus
 No relation Reference
 Extension-Invasion 0 (0) 0.999
Hardy-Wilson Classification
 Grade
  I-II Reference
  III-IV 3.2 (0.3-34.06) 0.334
 Stage
  A-C Reference
  D-E 0 (0) 0.999
POD 1 Cortisol level
 ≤5 µg/dL Reference
 >5 µg/dL 0.09 (0.01–0.52) 0.006
Abbreviations ETS, endoscopic transsphenoidal surgery; POD 1, 
postoperative day 1

Fig. 2 Case 1: Preoperative and postoperative magnetic resonance 
imaging (MRI) scans of a 49-year-old female who underwent repeat 
endoscopic transsphenoidal surgery (ETS) due to recurrent Cushing’s 
disease and achieved remission. The patient underwent initial surgery 
14 years ago at an outside institution. Preoperative T2 (A), and T1 
contrast-enhanced (B) MRI scans demonstrate a right-sided pituitary 
adenoma. Postoperative T2 (C), and T1 contrast-enhanced (D) MRI 
scans demonstrate total resection of the adenoma. Case 2: Preopera-

tive and postoperative magnetic resonance imaging (MRI) scans of a 
53-year-old female who underwent repeat endoscopic transsphenoidal 
surgery (ETS) due to recurrent Cushing’s disease and achieved remis-
sion. The patient underwent initial surgery 3 years ago at an outside 
institution. Preoperative T2 (E), and T1 contrast-enhanced (F) MRI 
scans demonstrate a left-sided pituitary adenoma, in close relation to 
ICA. Postoperative T2 (G), and T1 contrast-enhanced (H) MRI scans 
demonstrate total resection of the adenoma
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cure rates and increased morbidity risk [24, 25, 28]. Non-
surgical options such as radiotherapy and radiosurgery have 
been considered as an effective treatment option for recurrent 
or residual CD due to low rates of morbidity and acceptable 
remission rates [28, 40]. However, our findings suggest that 
the outcomes and complication rates associated with repeat 
ETS are comparable to primary ETS for CD and superior 
to other non-surgical options for residual or recurrent CD. 
Within our patient cohort, 5 (7.6%) individuals experienced 
transient diabetes insipidus (DI), while 2 (3%) developed 
permanent DI. Additionally, one patient (1.5%) experienced 
panhypopituitarism following the second repeat ETS. Simi-
larly, various studies have reported DI rates ranging from 
2 to 13% and panhypopituitarism rates between 2% and 
9.7% [25, 28, 41–43]. In our series, 3 (5.3%) patients devel-
oped rhinorrhea and required reoperation, consistent with 
reported rates of postoperative CSF leak ranging from 1 to 
5% following repeat endoscopic transsphenoidal surgery 
for residual or recurrent pituitary tumors [25, 28, 44]. While 
radiotherapy and radiosurgery are options for patients who 
have failed transsphenoidal surgery or experienced recur-
rence, the literature suggests remission rates ranging from 
46 to 84%, with several studies indicating high recurrence 
rates (25-50%) following radiotherapy [40, 45–47]. In our 
study, among 56 patients, 47 (83.9%) achieved remission 
following the first repeat ETS, while 4 (17.8%) achieved 
remission after the second repeat ETS. Over a mean follow-
up duration of 97.25 months, our recurrence rate following 
repeat ETS was 27.7%, with a mean time to recurrence of 
45.62 months.

At our institution, we adhere to a specific algorithm 
(Fig. 3) for managing Cushing’s disease patients and imple-
ment a meticulous protocol for individuals undergoing repeat 
ETS for residual or recurrent CD. A thorough clinical and 
radiological assessment is conducted for all patients before 
surgery. Detailed radiological evaluation is particularly 
essential to identify any distortions in surgical landmarks 
from prior procedures, such as the course of sphenoidal 
septa and the location of the sellar floor opening, as well as 
other potential aberrations like internal carotid artery and 
optic nerve dehiscence. Imaging techniques should encom-
pass dynamic pituitary MRI with and without contrast and 
paranasal CT scans. Our objective is to achieve extensive 
exposure during surgery, which is especially critical for 
managing bifocal adenomas or adenomas with cavernous 
sinus invasion or extension. The expanded visual field also 
facilitates the visualization of concealed parts of the ade-
noma, allowing the surgeon to achieve complete resection, 
which may be challenging or even impossible with limited 
exposure. We employ a multilayer closure technique to 
prevent CSF leaks, and if necessary, utilize a vascularized 
pedicled nasoseptal flap (Hadad-Bassagasteguy flap).

studies have indicated that ETS yields a higher rate of com-
plete resection compared to MTS [12–14].

After the first repeat ETS, 47 patients (83.9%) achieved 
remission, and 78.5% (n = 44) of them maintained remis-
sion at a mean follow-up of 97.2 months without requiring 
additional surgery. Limited data exists regarding the remis-
sion rates of CD following repeat transsphenoidal surgery, 
with reported rates ranging from 28.9 to 73% [33, 34, 35]. 
Burke et al. reported an immediate remission rate of 86.7% 
and a continued remission rate of 73.3% at follow-up after 
repeat ETS [36]. Among our patients who achieved remis-
sion after successful repeat ETS, 3 individuals (6.38%, 
n = 3/47) experienced recurrence after the first repeat ETS, 
with a mean time to recurrence of 45.6 months. The rates 
of CD recurrence following reoperation vary, with docu-
mented rates ranging between 22% and 63.2% [37, 38]. In 
our study, 9 patients required a second repeat ETS due to 
residual disease or recurrence. Of these, 4 (44.4%) achieved 
continued remission following the second repeat ETS, while 
5 (55.6%) had residual disease; however, 4 of them deferred 
further treatment, and 1 achieved remission after adrenal-
ectomy. In total, 47 patients (83.9%) in the entire patient 
cohort achieved remission following endoscopic transsphe-
noidal surgery and did not require further intervention.

Within our case cohort, among the 42 patients who 
underwent repeat ETS for residual disease, 9 individuals 
(21.4%) continued to exhibit residual disease following the 
first repeat ETS. We did not establish a significant associa-
tion between the success of repeat ETS and factors such as 
extension or invasion into cavernous sinuses, sellar or para-
sellar extension, or tumor size.

The degree of hypocortisolism following transsphenoidal 
surgery is considered a potential indicator of remission in 
the postoperative period [3]. Numerous studies have indi-
cated that patients with subnormal postoperative cortisol 
levels tend to experience a lower recurrence rate compared 
to those with normal or supranormal levels, although con-
sensus on the precise cutoff level remains elusive [30–32, 
39]. In a retrospective study involving 52 patients with CD, 
researchers reported a 100% positive predictive value of a 
postoperative nadir cortisol level < 2 µg/dL for achieving 
remission [5]. Additionally, Esposito et al. observed that 
a morning serum cortisol level ≤ 5 µg/dL on postoperative 
day 1 or 2 appears to serve as a reliable predictor of remis-
sion [11]. In our investigation, logistic regression analysis 
revealed that patients with a serum cortisol level > 5 µg/dL 
on postoperative day 1 were less inclined to achieve con-
tinued remission compared to those with a serum cortisol 
level < 5 µg/dL on postoperative day 1.

Repeat transsphenoidal surgery presents unique chal-
lenges due to distorted surgical landmarks and the presence 
of scar tissue from prior procedures, often resulting in lower 
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Conclusion

Our study underscores the efficacy and safety of repeat 
endoscopic transsphenoidal surgery in managing residual or 
recurrent Cushing’s disease. Remarkably, 82.1% of patients 
achieved remission after their first reoperation, aligning 
closely with reported remission rates following primary 
endoscopic transsphenoidal surgery. Furthermore, the com-
plication rates observed in our cohort were consistent with 
documented rates for both primary and repeat transsphe-
noidal surgeries. Notably, patients with serum cortisol lev-
els < 5 µg/dL are more likely to maintain remission. Overall, 
our findings emphasize that in the hands of experienced sur-
geons, repeat endoscopic transsphenoidal surgery emerges 
as a reliable and safe treatment modality for residual or 
recurrent Cushing’s disease, offering satisfactory remission 
rates and minimal complications.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s11102-
024-01396-x.
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In summary, our findings suggest that in the hands of 
experienced surgeons, repeat ETS represents a safe and 
effective treatment option for managing residual or recur-
rent Cushing’s disease.

Strengths and limitations

Our study represents one of the largest case series in the 
literature examining the safety, feasibility, and efficacy of 
repeat ETS for managing recurrent or residual CD. Our 
findings underscore the safety and efficacy of repeat ETS 
in experienced centers, showcasing satisfactory remission 
rates and minimal complications. However, it is important 
to acknowledge the retrospective nature of our study, which 
inherently introduces potential biases such as selection bias. 
Lastly, our study exclusively focuses on patients undergo-
ing surgical intervention for recurrent or residual CD, lim-
iting our ability to compare the effectiveness of surgical 
treatment with alternative modalities like radiotherapy or 
radiosurgery.

Fig. 3 Specific algorithm for the management of Cushing’s disease patients

 

1 3

https://doi.org/10.1007/s11102-024-01396-x
https://doi.org/10.1007/s11102-024-01396-x


Pituitary (2024) 27:259–268 267

9. Locatelli M, Vance ML, Laws ER (2005) Clinical review: the 
strategy of immediate reoperation for transsphenoidal surgery for 
Cushing’s disease. J Clin Endocrinol Metab 90(9):5478–5482

10. Blevins LS Jr., Christy JH, Khajavi M, Tindall GT (1998) Out-
comes of therapy for Cushing’s disease due to adrenocorticotro-
pin-secreting pituitary macroadenomas. J Clin Endocrinol Metab 
83(1):63–67

11. Esposito F, Dusick JR, Cohan P, Moftakhar P, McArthur D, Wang 
C et al (2006) Clinical review: early morning cortisol levels as a 
predictor of remission after transsphenoidal surgery for Cushing’s 
disease. J Clin Endocrinol Metab 91(1):7–13

12. Guo S, Wang Z, Kang X, Xin W, Li X (2021) A Meta-analysis 
of endoscopic vs. microscopic transsphenoidal surgery for non-
functioning and functioning pituitary adenomas: comparisons of 
efficacy and safety. Front Neurol. ;12

13. Gao Y, Zhong C, Wang Y, Xu S, Guo Y, Dai C et al (2014) Endo-
scopic versus microscopic transsphenoidal pituitary adenoma sur-
gery: a meta-analysis. World J Surg Oncol 12:94

14. Yu SY, Du Q, Yao SY, Zhang KN, Wang J, Zhu Z, Jiang XB 
(2018) Outcomes of endoscopic and microscopic transsphenoi-
dal surgery on non-functioning pituitary adenomas: a systematic 
review and meta-analysis. J Cell Mol Med 22(3):2023–2027

15. Broersen LHA, van Haalen FM, Biermasz NR, Lobatto DJ, 
Verstegen MJT, van Furth WR et al (2019) Microscopic versus 
endoscopic transsphenoidal surgery in the Leiden cohort treated 
for Cushing’s disease: surgical outcome, mortality, and complica-
tions. Orphanet J Rare Dis 14(1):64

16. Jho HD, Carrau RL (1997) Endoscopic endonasal transsphenoidal 
surgery: experience with 50 patients. J Neurosurg 87(1):44–51

17. Berker M, Işikay I, Berker D, Bayraktar M, Gürlek A (2014) 
Early promising results for the endoscopic surgical treatment of 
Cushing’s disease. Neurosurg Rev 37:105-114

18. Netea-Maier RT, van Lindert EJ, den Heijer M, van der Eerden 
A, Pieters GF, Sweep CG et al (2006) Transsphenoidal pituitary 
surgery via the endoscopic technique: results in 35 consecutive 
patients with Cushing’s disease. Eur J Endocrinol 154(5):675–684

19. Dehdashti AR, Gentili F (2007) Current state of the art in the 
diagnosis and surgical treatment of cushing disease: early experi-
ence with a purely endoscopic endonasal technique. Neurosurg 
Focus 23(3):E9

20. Starke RM, Reames DL, Chen CJ, Laws ER, Jane JA (2013) Jr. 
Endoscopic transsphenoidal surgery for cushing disease: tech-
niques, outcomes, and predictors of remission. Neurosurgery 
72(2):240–247 discussion 7

21. Sarkar S, Rajaratnam S, Chacko G, Mani S, Hesargatta AS, 
Chacko AG (2016) Pure endoscopic transsphenoidal surgery for 
functional pituitary adenomas: outcomes with Cushing’s disease. 
Acta Neurochir (Wien) 158(1):77–86 discussion

22. Cebula H, Baussart B, Villa C, Assié G, Boulin A, Foubert L et al 
(2017) Efficacy of endoscopic endonasal transsphenoidal surgery 
for Cushing’s disease in 230 patients with positive and negative 
MRI. Acta Neurochir (Wien) 159(7):1227–1236

23. Wagenmakers MA, Boogaarts HD, Roerink SH, Timmers HJ, 
Stikkelbroeck NM, Smit JW et al (2013) Endoscopic transsphe-
noidal pituitary surgery: a good and safe primary treatment option 
for Cushing’s disease, even in case of macroadenomas or invasive 
adenomas. Eur J Endocrinol 169(3):329–337

24. Esquenazi Y, Essayed WI, Singh H, Mauer E, Ahmed M, Christos 
PJ, Schwartz TH (2017) Endoscopic endonasal Versus Micro-
scopic Transsphenoidal surgery for recurrent and/or residual pitu-
itary adenomas. World Neurosurg 101:186–195

25. Cavallo LM, Solari D, Tasiou A, Esposito F, de Angelis M, D’Enza 
AI, Cappabianca P (2013) Endoscopic endonasal transsphenoidal 
removal of recurrent and regrowing pituitary adenomas: experi-
ence on a 59-patient series. World Neurosurg 80(3–4):342–350

Funding The authors declare that no funds, grants, or other support 
were received during the preparation of this manuscript.
Open access funding provided by the Scientific and Technological Re-
search Council of Türkiye (TÜBİTAK).

Data availability No datasets were generated or analysed during the 
current study.

Declarations

Ethical approval This study is approved by the ethics committee of the 
hospital where the research was conducted and informed consent is 
obtained from patients.

Competing interests The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Cushing H (1994) The basophil adenomas of the pituitary body 
and their clinical manifestations (pituitary basophilism). 1932. 
Obes Res 2(5):486–508

2. Aranda G, Enseñat J, Mora M, Puig-Domingo M, Martínez de 
Osaba MJ, Casals G et al (2015) Long-term remission and recur-
rence rate in a cohort of Cushing’s disease: the need for long-term 
follow-up. Pituitary 18(1):142–149

3. Pendharkar AV, Sussman ES, Ho AL, Hayden Gephart MG, 
Katznelson L (2015) Cushing’s disease: predicting long-term 
remission after surgical treatment. Neurosurg Focus 38(2):E13

4. Etxabe J, Vazquez JA (1994) Morbidity and mortality in Cush-
ing’s disease: an epidemiological approach. Clin Endocrinol 
(Oxf) 40(4):479–484

5. Hameed N, Yedinak CG, Brzana J, Gultekin SH, Coppa ND, 
Dogan A et al (2013) Remission rate after transsphenoidal surgery 
in patients with pathologically confirmed Cushing’s disease, the 
role of cortisol, ACTH assessment and immediate reoperation: a 
large single center experience. Pituitary 16(4):452–458

6. Acebes JJ, Martino J, Masuet C, Montanya E, Soler J (2007) 
Early post-operative ACTH and cortisol as predictors of remis-
sion in Cushing’s disease. Acta Neurochir (Wien). ;149(5):471-7; 
discussion 7–9

7. Fernandez-Rodriguez E, Stewart PM, Cooper MS (2009) 
The pituitary-adrenal axis and body composition. Pituitary 
12(2):105–115

8. van Haalen FM, Broersen LH, Jorgensen JO, Pereira AM, 
Dekkers OM (2015) Management of endocrine disease: mortal-
ity remains increased in Cushing’s disease despite biochemical 
remission: a systematic review and meta-analysis. Eur J Endocri-
nol 172(4):R143–R149

1 3

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Pituitary (2024) 27:259–268268

transsphenoidal, pituitary microsurgery: prognosis factors and 
long-term follow-up. J Endocrinol Invest 19(9):572–580

38. Dickerman RD, Oldfield EH (2002) Basis of persistent and recur-
rent cushing disease: an analysis of findings at repeated pituitary 
surgery. J Neurosurg 97(6):1343–1349

39. Patil CG, Prevedello DM, Lad SP, Vance ML, Thorner MO, 
Katznelson L, Laws ER (2008) Jr. Late recurrences of Cushing’s 
disease after initial successful transsphenoidal surgery. J Clin 
Endocrinol Metab 93(2):358–362

40. Castinetti F, Brue T, Ragnarsson O (2019) Radiotherapy as a 
tool for the treatment of Cushing’s disease. Eur J Endocrinol 
180(5):D9–d18

41. Tajudeen BA, Mundi J, Suh JD, Bergsneider M, Wang MB (2015) 
Endoscopic endonasal surgery for recurrent pituitary tumors: 
technical challenges to the surgical approach. J Neurol Surg B 
Skull Base 76(1):50–56

42. Hwang JM, Kim YH, Kim JW, Kim DG, Jung HW, Chung YS 
(2013) Feasibility of endoscopic endonasal approach for recurrent 
pituitary adenomas after microscopic trans-sphenoidal approach. 
J Korean Neurosurg Soc 54(4):317–322

43. Berker M, Hazer DB, Yücel T, Gürlek A, Cila A, Aldur M, Onerci 
M (2012) Complications of endoscopic surgery of the pituitary 
adenomas: analysis of 570 patients and review of the literature. 
Pituitary 15(3):288–300

44. Rudnik A, Zawadzki T, Wojtacha M, Bazowski P, Zubgałuszka-
Ignasiak B, Duda I (2005) [Endoscopic transsphenoidal treatment 
of pituitary adenomas]. Neurol Neurochir Pol 39(1):17–23 dis-
cussion 4–5

45. Minniti G, Osti M, Jaffrain-Rea ML, Esposito V, Cantore G, 
Maurizi Enrici R (2007) Long-term follow-up results of post-
operative radiation therapy for Cushing’s disease. J Neurooncol 
84(1):79–84

46. Estrada J, Boronat M, Mielgo M, Magallón R, Millan I, Díez S 
et al (1997) The long-term outcome of pituitary irradiation after 
unsuccessful transsphenoidal surgery in Cushing’s disease. N 
Engl J Med 336(3):172–177

47. Littley MD, Shalet SM, Beardwell CG, Ahmed SR, Sutton ML 
(1990) Long-term follow-up of low-dose external pituitary irradi-
ation for Cushing’s disease. Clin Endocrinol (Oxf) 33(4):445–455

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations. 

26. Perlman JE, Johnston PC, Hui F et al (2021) Pitfalls in per-
forming and interpreting Inferior Petrosal Sinus Sampling: per-
sonal experience and literature review. J Clin Endocrinol Metab 
106(5):e1953–e1967. https://doi.org/10.1210/clinem/dgab012

27. Yogi-Morren D, Habra MA, Faiman C et al (2015) Pituitary 
MRI findings in patients with pituitary and ectopic ACTH-
dependent cushing syndrome: does a 6-mm pituitary tumor size 
cut-off value exclude ectopic ACTH syndrome? Endocr Pract 
21(10):1098–1103

28. Negm HM, Al-Mahfoudh R, Pai M, Singh H, Cohen S, Dhan-
dapani S et al (2017) Reoperative endoscopic endonasal sur-
gery for residual or recurrent pituitary adenomas. J Neurosurg 
127(2):397–408

29. Cooke RS, Jones RA (1994) Experience with the direct transnasal 
transsphenoidal approach to the pituitary fossa. Br J Neurosurg 
8(2):193–196

30. Chee GH, Mathias DB, James RA, Kendall-Taylor P (2001) 
Transsphenoidal pituitary surgery in Cushing’s disease: can we 
predict outcome? Clin Endocrinol (Oxf) 54(5):617–626

31. Atkinson AB, Kennedy A, Wiggam MI, McCance DR, Sheri-
dan B (2005) Long-term remission rates after pituitary surgery 
for Cushing’s disease: the need for long-term surveillance. Clin 
Endocrinol (Oxf) 63(5):549–559

32. Yap LB, Turner HE, Adams CB, Wass JA (2002) Undetectable 
postoperative cortisol does not always predict long-term remis-
sion in Cushing’s disease: a single centre audit. Clin Endocrinol 
(Oxf) 56(1):25–31

33. Liu X, Dai C, Bao X, Deng K, Yao Y, Sun B et al (2021) Treat-
ment and outcomes of recurrent/persistent Cushing’s disease: a 
single-center experience. Ann Palliat Med 10(3):2494–2504

34. Valderrábano P, Aller J, García-Valdecasas L, García-Uría J, 
Martín L, Palacios N, Estrada J (2014) Results of repeated trans-
sphenoidal surgery in Cushing’s disease. Long-term follow-up. 
Endocrinol Nutr 61(4):176–183

35. Wang B, Zheng S, Ren J, Zhong Z, Jiang H, Sun Q et al (2022) 
Reoperation for Recurrent and Persistent Cushing’s Disease with-
out Visible MRI Findings. J Clin Med 11(22): 6848

36. Burke WT, Penn DL, Repetti CS, Iuliano S, Laws ERJ (2019) 
Outcomes after repeat transsphenoidal surgery for recurrent 
Cushing Disease: updated. Neurosurgery 85(6):E1030–E6

37. Bakiri F, Tatai S, Aouali R, Semrouni M, Derome P, Chitour 
F, Benmiloud M (1996) Treatment of Cushing’s disease by 

1 3

https://doi.org/10.1210/clinem/dgab012

	Repeat endoscopic endonasal transsphenoidal surgery for residual or recurrent Cushing’s disease: safety, feasibility, and success
	Abstract
	Introduction
	Methods
	Study design
	Patient selection
	Diagnostic criteria
	Routine follow-up protocol
	Data collection
	Statistical analysis

	Results
	Baseline characteristics
	Hormonal data
	Radiological findings
	Surgical characteristics
	Outcomes
	Factors predisposing to unsuccessful repeat endoscopic transsphenoidal surgery
	Potential predictors of sustained remission

	Discussion
	Strengths and limitations
	Conclusion
	References


