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Abstract
Cushing’s Disease (CD) poses diagnostic and therapeutic challenges, particularly when pituitary MRI is negative for a 
neuroendocrine tumor (PitNET). This study systematically analyzes literature data on the surgical outcomes of patients 
with MRI-negative CD and presents a novel single-center series. A systematic review and meta-analysis of PubMed, 
Scopus, and Cochrane databases (2000–2024) were performed. A retrospective analysis of patients with MRI-negative 
CD who underwent endoscopic pituitary exploration between 2014 and 2021 at the University of Brescia was conducted. 
A meta-analysis of 35 studies revealed significant heterogeneity across studies (I2 = 71.09%). The mean surgical disease 
remission rate of 70% (CI: 65–75%) in MRI-negative CD was significantly lower than in MRI-positive patients (82%; CI: 
0.79–0.86). Eight studies reported ACTH hyperplasia in a total of 92 of 470 patients (19.6%). In the institutional series, 
21 patients underwent 22 endoscopic pituitary explorations (mean follow-up: 72 months). Histology documented ACTH 
hyperplasia in 10/22 (45%), ACTH-PitNET in 9, and normal pituitary in 3. Inferior petrosal sinus sampling lateralization 
was predictive of pathology in 33% of patients. Early and late surgical remission (10/22 and 15/22 patients, respectively) 
were significantly associated with histology. Surgical complications included one CSF leak requiring reintervention, one 
case of transient diabetes insipidus, and two patients requiring substitutive therapy for the thyroid axis. About 30% of 
MRI-negative CD patients do not achieve surgical disease remission. ACTH hyperplasia might partially explain this high 
rate of failure. Endoscopic pituitary exploration remains a highly effective way to collect important histological data that 
should be recorded in a multicenter, prospective study.
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Introduction

Cushing’s disease is a rare disorder of hypercortisolemia, gen-
erally caused by an ACTH-secreting Pituitary Neuroendocrine 
Tumor (PitNET), and is associated with high morbidity and 
mortality [1]. Magnetic Resonance Imaging (MRI) is used to 
identify the PitNET but can be inconclusive in up to 64% of 
cases, even if dynamic and 3T MRI are used to improve the 
chance of identifying small microadenomas [2–5]. 

Whether or not a PitNET is visible at MRI, when biochem-
ical tests and Inferior Petrosal Sinus Sampling (IPSS) demon-
strate central ACTH secretion, surgery should be suggested 
[3, 6–10]. While patients with visible PitNET at MRI undergo 
an adenomectomy using the pseudocapsule [11], patients 
with CD and normal or inconclusive MRI [10] undergo care-
ful exploration of the pituitary gland (the so-called “pituitary 
exploration” – Fig. 1) through transsphenoidal surgery.

It is essential to collect and process each sample collected 
at surgery since serial sectioning may be necessary to char-
acterize the underlying pathology [12]. Among the differ-
ent scenarios, the pathologist can confirm no morphological 
abnormality, corticotroph hyperplasia, or ACTH PitNET 
[6]. Corticotroph hyperplasia is defined by the presence of 
expansion of ACTH-secreting cells with enlarged acini and 
a slight expansion of the reticulin network [13]. Although 
corticotroph hyperplasia represents a challenge both from 

diagnostic and management points of view, it can provide 
insights into the pathophysiological mechanisms underly-
ing MRI-negative CD [13]. Data reported in the literature, 
however, remain sparse and limited.

In this study, we retrospectively analyzed 21 consecu-
tive patients who underwent endoscopic pituitary explora-
tion because of MRI-negative CD, at a single institution 
by the same surgical and pathology team. Furthermore, a 
systematic review of the literature with meta-analysis was 
performed to summarize and analyze the reported data on 
CD patients with negative MRI.

Materials and methods

Systematic literature review with meta-analysis

Search strategy

A systematic review was performed by searching articles 
published between January 1, 2000, and July 1, 2024, on 
PubMed, Scopus, and Cochrane with the following key-
words: Cushing Disease AND negative MRI; Cushing 
Disease AND hyperplasia; ACTH adenoma AND negative 
MRI; Cushing Disease AND transsphenoidal surgery AND 
remission. The systematic review is reported according to 

Fig. 1  Steps of the endoscopic pituitary exploration. A: Opening the 
sellae protuberance and exposure of the periosteum; B: Cross incision 
of the periosteum and identification of the pituitary gland; C: Extra 
pituitary exploration on the right side; D: Superior pituitary explora-

tion; E: Right pituitary exploration with removal of the third lateral of 
the gland; F: Left pituitary exploration with removal third contralat-
eral; G: Median and posterior gland exploration; H: Final view with 
the preservation of the pituitary gland
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the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [14]. 

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) articles published 
in English between January 1, 2000, and July 1, 2024; (2) 
randomized controlled trials and observational studies; (3) 
patients with negative brain or sellar MRI; (4) patients with 
positive sellar or brain MRI; (5) CD patients undergoing 
transsphenoidal (microscopic or endoscopic) surgery; (6) 
studies that measured remission data as an outcome.

The exclusion criteria were: (1) ACTH-adenomas in 
pediatric patients (under 18 years old); (2) low-field MRI 
(i.e., below 1 Tesla); (3) literature reviews lacking new data; 
(4) conference abstracts, letters to the editors, and com-
ments; (5) studies reporting remission rates of either 0% or 
100% (statistical variance = 0).

Quality assessment and data extraction

Articles were imported into the reference management soft-
ware Zotero (version 5.0.92), and duplicates were removed 
manually. The titles and abstracts of the records retrieved 
were examined by two authors (A.M. and F.G.), and irrel-
evant citations were excluded. After randomly selecting a 
sample of the citations excluded, 20% were double-checked 
by another author (F.D.). Any disagreements were resolved 
through discussions among the reviewers. For each study, 
the following information was extracted: (1) authors and 
year of publication; (2) number of patients with negative 
and positive MRIs included in the study; (3) number of 
patients who underwent IPSS; (4) total remission of patients 
with negative and positive MRI.

Statistical methods

The meta-analyses were performed using the statistical 
software R version 3.6.3 (R Foundation for Statistical Com-
puting, Vienna, Austria) [15] and the meta-packages [16]. 
Cochran’s Q-test and I2 statistics were applied to assess het-
erogeneity in the studies included in the meta-analysis. No 
heterogeneity was considered for p > 0.05 and I2 < 20%. A 
random-effect model was therefore adopted for the meta-
analysis, with restricted maximum likelihood (REML) to 
estimate the heterogeneity variance.

Institutional case series

The study included all patients affected by CD and with nega-
tive sellar MRI who underwent surgical pituitary exploration 
at the Neurosurgery Unit of the University of Brescia between 

February 2014 and July 2021 by the senior author (F.D.). The 
Institutional Review Board at the University of Brescia, Italy 
(NP 5071 – OMCPitNET) approved the study. In accordance 
with national regulations, informed consent was obtained 
from each patient for use of personal data.

The study inclusion criteria were as follows: (1) patients 
diagnosed with CD; (2) patients with preoperative imaging that 
included at least one negative brain MRI for pituitary patholo-
gies; (3) patients undergoing surgery for primary or recurrent 
disease at the Neurosurgery Unit of Spedali Civili in Brescia.

Exclusion criteria included: (1) absence of complete, 
significant data (e.g., endocrinological data and follow-up); 
(2) patients with follow-up less than 3 months; (3) patients 
under 18 years of age or unable to provide consent.

Data collected

Demographic information, including the patient’s age and 
gender, clinical data, endocrinological and radiological 
investigations, surgical procedures and associated complica-
tions, histological results, and follow-up information (disease 
status and any adjuvant therapy), were collected retrospec-
tively. Additionally, each patient completed a semi-structured 
questionnaire mainly focused on their current clinical status, 
including the presence or absence of cushingoid features and 
symptoms before and after surgery, any current or adjuvant 
therapy, and follow-up data, incorporating details about the 
most recent biochemical evaluation and MRI for CD.

In the presurgical work-up, IPSS was frequently used to 
confirm the pituitary origin of ACTH oversecretion after 
biochemical diagnosis of CD. ACTH ratios of the left and 
right inferior petrosal sinus (IPS) sample to the peripheral 
(P) venous blood sample were calculated (IPS: P). IPSS was 
deemed diagnostic for a pituitary source of ACTH produc-
tion if the peak basal ratio (peak ratio before corticotropin-
releasing hormone (CRH) administration) was greater than 
1.4 or if the peak ratio after CRH administration was greater 
than 3. The inter-petrosal gradient ratio was considered pre-
dictive of lateralization if it was at least 1.4 before CRH 
administration and 3 after CRH administration.

Surgical exploration

All patients underwent a thorough pituitary exploration 
(Fig.  1) via an endoscopic transsphenoidal approach con-
ducted by a surgical team led by the same neurosurgeon 
(F.D.), who had over 10 years of experience in transsphenoi-
dal surgery and had performed more than 500 such proce-
dures at the first pituitary exploration included in the study. 
Intraoperative findings were assessed and categorized into 
three groups: (1) no evidence of adenoma (PitNET); (2) sus-
picious findings for adenoma; (3) clear evidence of adenoma.
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performed on Formalin-fixed Paraffin-embedded (FFPE) 
tissue sections. Immunophenotypical analysis was con-
ducted using Hematoxylin and Eosin (H&E) staining and 
immunohistochemistry, including expression of synapto-
physin, low molecular weight cytokeratin, p53, hormonal 
markers, and assessment of Ki-67 proliferative index. Silver 
staining techniques were used to evaluate the preservation 
or loss of the reticulin network. Histologically, corticotroph 

Various endoscopes were used throughout the study 
period (SD- and HD-3D, and 2D-4 K [17, 18]).

Pathological examination

Tissue samples for histological analysis were systemati-
cally obtained during surgery and reviewed by the same 
pathologist (P.L.P.). Routine histological examination was 

Fig. 2  Representative images of 
normal pituitary tissue and pitu-
itary hyperplasia. H&E staining 
shows a normal pituitary gland 
composed of small acini with 
both acidophils and basophils 
cells with fenestrated capillar-
ies and with preserved reticulin 
architecture (A-C). Pituitary 
hyperplasia shows expanded 
acini with a more homogeneous 
staining and a slight expansion 
of the reticulum network (B-D). 
Compared to normal pituitary 
tissue (E), pituitary hyperplasia 
shows diffuse immunoreactiv-
ity for low-weight cytokeratins 
(CAM 5.2) with frequent Crooke 
cell changes, consisting of 
densely eosinophilic strongly 
immunoreactive hyaline mate-
rial (F). Normal pituitary tissue 
shows focal immunoreactivity 
for ACTH (G), while pituitary 
hyperplasia exhibits homoge-
neous immunopositivity for 
ACTH (H). Expanded acinar 
architecture, Crooke cell changes 
and preponderance of ACTH 
staining within these areas repre-
sents important keys to make the 
diagnosis of hyperplasia
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Results

Systematic literature review with meta-analysis

The initial literature search yielded 2,754 articles, from 
which 887 duplicate records were removed. After reviewing 
the abstracts and titles, 1,806 articles were excluded. Of the 
61 articles selected for full-text screening, 4 records could 
not be retrieved, while 57 met the inclusion criteria. Thirty-
two articles were excluded due to a lack of data (29 articles) 
or statistical reasons (i.e., outcomes reported as 0 or 100% 
in three articles). An additional 10 records were identified 
through citation searching and assessed for eligibility. A 
total of 35 studies [1–3, 6, 9, 10, 21–49] were included in 
the final literature review (Fig. 3) [14]. 

See text for further details

Heterogeneity and sensitivity analysis

Significant heterogeneity was observed in the MRI-positive 
group (I2 = 86.21% p < 0.0001; estimate = 0.8249; standard 
error for estimate = 0.0156), while a lower heterogeneity was 
identified in the MRI-negative group (I2 = 71.09% p < 0.001; 

hyperplasia was defined as the expansion of ACTH-secret-
ing cells with focal or diffuse enlargement of pituitary acini 
and expansion of the reticulin network (Fig. 2) [19, 20]. 

Post-operative data

Remission was defined as the regression in the signs and 
symptoms of CD, with serum cortisol levels in the normal 
range or lower, necessitating hydrocortisone replacement 
therapy for at least 6 months following surgery. Data regard-
ing substitution therapy were gathered during the last fol-
low-up visit and through telephone interviews. Recurrence 
was defined as the occurrence of CD after initial biochemi-
cal remission.

Statistical analysis

Data were analyzed using descriptive statistics and com-
pared with the Fisher exact test for qualitative variables and 
the Wilcoxon test for quantitative variables (Kruskal for 
more than two groups). Meta-analysis was performed with 
the package metafor in the R statistical software and Test 
of Moderators was used to compare remission rates in the 
different groups.

Fig. 3  Literature review according to the PRISMA statement
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Preoperative diagnostic evaluation

Seventeen studies [1–3, 6, 21, 22, 25–27, 30, 33, 34, 37, 
38, 40, 41, 44] described 677 patients who underwent IPSS. 
IPSS tested positive for lateralization in 611 cases.

Operative procedures, outcomes, and findings

The meta-analysis indicated a lower remission rate in the 
MRI-negative group (RR 0.70, CI 95% 0.65–0.75) com-
pared to the MRI-positive group (RR 0.82, CI 95% 0.79–
0.86) (Fig.  5). In 224 cases, no adenoma was visualized 
during surgical pituitary exploration. A PitNET was recog-
nized and removed in 519 patients.

estimate = 0.7010; standard error for estimate = 0.0271) 
(Fig. 4). Overall, limited publication bias was observed only 
in the MRI-negative group, as indicated by Egger’s regres-
sion test (MRI-positive group: p = 0.0648, MRI- negative 
group: p = 0.0062), and limited number of data points out-
side the 95%. confidence interval (dotted line).

Demographics and radiological features

A total of 1,131 patients with CD and negative MRI under-
went exploration of the pituitary gland. Only 15 authors4 
[2, 3, 6, 9, 10, 21, 22, 26–28, 36, 38, 44, 48, 49] specified 
the magnetic field strength; in te10n centers, a 3T MRI was 
performed exclusively or after a 1.5T MRI exam.

Fig. 4  Funnel plot of the meta-analysis of published studies. MRI positive group (A) and MRI negative group (B). See text for further details

 

Fig. 5  Forest plot of the remission rate in the positive and negative MRI groups. MRI positive group (A) and MRI negative group (B). See text 
for further details
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lateralization aligned with the location of the pathology 
on the histopathology specimens in 33% (4 of 12) of 
patients (Table 1).

All patients underwent pituitary exploration using an 
endoscopic transsphenoidal approach. A total of 22 proce-
dures were carried out, including one patient who under-
went two explorations (patients 9 and 14 in Table  1). 
Intraoperatively, the surgical team clearly identified patho-
logical tissue in 4 patients, noted questionable tissue in 16, 
and recorded no pathological tissue in 2 patients.

Histological examination documented an ACTH PitNET 
in 9 cases (40.9%), hyperplasia in 10 (45.5%), and no patho-
logical tissue in 3 cases (13.6%) (Table 1). Of the 22 cases, 
10 (45%) experienced early surgical remission, and 15 of 22 
cases (68.2%) had achieved biochemical remission at the 
last follow-up (Tables 1 and 2).

Eight studies [6, 21, 26, 27, 35, 37, 44, 46] reported that 
92 of 470 (19.6%) MRI-negative patients had evidence of 
ACTH hyperplasia at histological examination.

Institutional case series

Patient data from the institutional series are summarized 
in Table 1. A total of 21 patients (7 males and 14 females) 
were included with a mean age of 47.6 years (range 18 to 
74 years). All were referred for surgery with a biochemi-
cal diagnosis of CD. IPSS was conducted in 15 of 22 
cases, and detailed data were available for 13 patients. 
IPSS was positive in 12 (only after basal: 6; only after 
CRF: 2; in both basal and CRF: 4) and negative in one. 
IPSS demonstrated lateralization on the left side in 5 
of 12 patients and on the right side in 7 (Table 1). IPSS 

Table 1  Patient data. Demographic and clinical data of 21 patients (22 surgical procedures)
# Age/ gender IPSS IPSS

Side
Intraop
finding

Intraop
side

Histology Path.
Side

Early remission
(3 months)

Adjuvant therapy Long - term remission FU
(m.)

1 38/F Pos
(B)

L PitNET Bilat PitNET Bilat Yes None Yes 111

2 51/M Pos (B + C) R Doubt L PitNET Bilat Yes None Yes 110
3 18/F Pos

(B)
R Doubt L Normal - No Med No 110

4 46/F Neg - Doubt L Normal - No Med No 104
5 59/F Pos (B + C) R Doubt R PitNET R Yes None Yes 103
6 30/M Pos (B + C) L Doubt L Hyper L No Med, ADX Yes 101
7 53/F No - Doubt Bilat Hyper Bilat No Med No 92
8 41/M Pos (NA) NA No PitNET Bilat Hyper Bilat No Med Yes 88
9 33/F Pos (NA) NA Doubt Bilat Hyper Bilat No Med No 25
10 36/M Pos

(B)
L Doubt Bilat Hyper Bilat Yes None Yes 87

11 59/M Pos
(C)

L Doubt R PitNET Bilat No Med, ADX Yes 87

12 71/F Pos
(B)

R Doubt R Hyper R No Med No 79

13 56/F No - Doubt L Normal Pit - No Med, RT No 65
14 36/F No - PitNET Bilat Hyper Bilat No ADX Yes 60
15 60/F No - Doubt R Hyper Bilat No ADX Yes 52
16 53/F Pos

(B)
R Doubt R Hyper R Yes None Yes 46

17 42/M No - PitNET R PitNET R Yes None Yes 41
18 30/F No - Doubt R PitNET R Yes None Yes 36
19 45/F Pos

(C)
R Doubt L PitNET L Yes None Yes 34

20 74/F Pos (B + C) R No PitNET - Hyper Bilat No Med No 30
21 54/M No - Doubt L PitNET L Yes None Yes 29
22 63/F Pos

(B)
L PitNET R PitNET R Yes None Yes 27

Abbreviations: ADX, adrenalectomy; B, at baseline evaluation; Bilat, bilateral; C, after CRH; F, female; FU, follow-up; IPSS, Inferior Petrosal 
Sinus Sampling; Intraop, intraoperative; M, male; m., months; L, left; Med, Medical Therapy; N, number; NA, Not available; Neg, negative; 
No, not performed; Path., pathology; Pit, pituitary gland; PitNET, Pituitary Neuro-Endocrine Tumor (adenoma); Pos, positive; R, right; RT, 
radiotherapy; y, years; -, data is not applicable
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patients required substitutive therapy for the thyroid axis 
(one had undergone 2 explorations).

Discussion

CD is a severe condition that presents various diagnostic 
and therapeutic challenges. Diagnostic challenges include 
the endocrinological and radiological assessments used to 
diagnose CD and document the ACTH PitNET. These chal-
lenges are even more complex when MRI is inconclusive 
or normal. A rigorous, non-dogmatic approach that analyzes 
potential pitfalls at each diagnostic and therapeutic phase is 
necessary.

The presurgical diagnostic challenge

A thorough clinical and biochemical diagnosis process is 
essential for properly diagnosing CD and excluding pseudo-
Cushing conditions. Pseudo-Cushing’s syndrome represents 
a complex clinical scenario characterized by mild-to-mod-
erate ACTH-dependent hypercortisolism due to CRH and/
or vasopressin hypothalamic secretion through the activa-
tion of various neural pathways [50]. Since a non-neoplastic 
etiology is recognized in Pseudo-Cushing syndrome, this 
condition has been redesignated as “non-neoplastic hyper-
cortisolism” (NNH), being mainly due to neuropsychiatric 
disorders, alcohol abuse, insulin-resistant obesity, polycystic 
ovary syndrome, and end-stage kidney disease [50]. As sug-
gested by the last consensus [51], NNH should be excluded 
in all patients considered at risk for CD and with abnormal 
late-night salivary cortisol (in at least two determinations), 
24-hour urinary free cortisol, and low-dose suppression test. 
Therefore, the investigation of clinical history, use of con-
comitant drugs, and screening for catabolic signs of hyper-
cortisolism are mandatory to orient the diagnosis, together 
with biochemical tests. In patients with NNH, serum and 
urine cortisol, midnight cortisol, and low-dose suppression 
test are often abnormal, and the dexamethasone-suppressed 
corticotropin-releasing hormone (CRH) stimulation test has 
good sensitivity (91%) and specificity (82%) in discriminat-
ing CD from NNH [52]. 

Due to its retrospective design, our clinical study did not 
thoroughly investigate the endocrinological diagnosis of 
CD. Expert endocrinologists and neuroradiologists investi-
gated all patients.

Inferior petrosal sinus sampling

IPSS is currently recognized as a gold standard in the 
diagnosis of CD, with a sensitivity of approximately 
92.1%–98.9% [45]. All our patients underwent CRH 

Early surgical remission and histological findings were 
associated with the last remission (Table 2). The group of 
patients with histological confirmation of a PitNET experi-
enced complete remission at the last follow-up (9 patients, 
100%), while only 6 of 10 patients (60%) with hyperpla-
sia achieved remission. Among these, 2 patients had early 
and persistent surgical remission, while 4 attained disease 
remission only through adjuvant therapy, including medical 
treatment, adrenalectomy, or both (Table 1). Conversely, the 
3 patients with histological confirmation of no pathological 
tissue did not achieve remission at the last follow-up, even 
with medical therapies (Tables 1 and 3).

Early surgical remission is associated with the latest dis-
ease status (Table  3). All 10 patients who achieved early 
surgical remission remained in remission at the last follow-
up (mean: 72 months; range: 27–111). Long-term disease 
remission with adjuvant therapies was attained in only 5 of 
12 patients who did not experience early surgical remission.

Surgical complications included one patient who required 
reintervention due to a CSF leak without meningitis. One 
patient experienced transient diabetes insipidus, while 2 

Table 2  Early surgical remission. Ten of 22 cases obtained early surgi-
cal remission

Disease 
persistence 
(N = 12)

Remission 
(N = 10)

Total
(N = 22)

p value

Histology 0.002
PitNET 1 (8.3%) 8 (80.0%) 9 (40.9%)
Hyperplasia 8 (66.7%) 2 (20.0%) 10 (45.5%)
Normal tissue 3 (25.0%) 0 (0.0%) 3 (13.6%)
Adjuvant 
therapy

< 0.001

No 2 (16.7%) 10 
(100.0%)

12 (54.5%)

Yes 10 (83.3%) 0 (0.0%) 10 (45.5%)

Table 3  Remission at the last follow-up. Remission at the latest fol-
low-up was achieved in 15 of 22 cases (14/21 patients)

Disease 
persistence 
(N = 7)

Remission 
(N = 15)

Total
(N = 22)

p value

Histology 0.003
PitNET 0 (0.0%) 9 (60.0%) 9 (40.9%)
Hyperplasia 4 (57.1%) 6 (40.0%) 10 (45.5%)
Normal tissue 3 (42.9%) 0 (0.0%) 3 (13.6%)
Adjuvant 
therapy

< 0.001

No 0 (0.0%) 12 (80.0%) 12 (54.5%)
Yes 7 (100.0%) 3 (20.0%) 10 (45.5%)
Early surgical 
remission

0.005

No 7 (100.0%) 5 (33.3%) 12 (54.5%)
Yes 0 (0.0%) 10 (66.7%) 10 (45.5%)
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IPSS-predicted lateralization to maximize chances of tumor 
identification and cure.

The surgical challenge

Our systematic literature review shows that patients with 
CD and failed intraoperative adenoma visualization account 
for 30.5% of all those treated for MRI-negative CD, rang-
ing from 17% to 63% [63, 64]. A mean early remission rate 
of 82% was documented in the MRI-positive group and 
70% in the MRI-negative group; a wide variation among 
studies was also evident, with a confidence interval rang-
ing from 79% to 86% and from 65% to 75%, respectively. 
In our clinical series, the early remission rate in patients 
with negative MRI was lower than in the literature (45%). 
The higher incidence of hyperplasia might explain the low 
remission rate: 10 cases of 22 (45%) had evidence of corti-
cotroph hyperplasia.

The pathological challenge

The histopathological diagnosis of corticotroph hyperpla-
sia is still a debated issue, and clear-cut diagnostic criteria 
for its definition are still missing [13]. Thus, a diagnosis 
of corticotroph hyperplasia might be under-reported [19, 
26]. However, evaluation of the reticulin network, along 
with immunohistochemistry for ACTH and low molecular 
weight cytokeratin, represents a useful tool in the differen-
tial diagnosis between normal pituitary tissue, hyperpla-
sia, and PitNET [12, 19]. The systematic literature indeed 
documented a much lower incidence of ACTH hyperplasia, 
together with an extremely wide range among patients with 
negative MRI (2.4–77.6%) [44, 46].

In addition to histological analysis, no other diagnostic 
procedures are reliable enough to lead to the correct diagno-
sis of pituitary hyperplasia. In this cohort of patients, no sig-
nificant correlation between histological findings (PitNET 
versus hyperplasia) and IPSS was found, even if the IPSS 
remains the gold standard in identifying the source of CD 
in patients with negative or equivocal MRI findings [65]. 
Moreover, intraoperative tissue is difficult to interpret even 
for an expert neurosurgeon, according to the recent defini-
tion of proficiency [66]. For instance, for the patient who 
was operated on twice in our series, there was the impres-
sion of seeing a PitNET both times, while histological 
analysis confirmed the diagnosis of hyperplasia. Disease 
remission was achieved only after bilateral adrenalectomy 
in this patient.

Pituitary hyperplasia is usually not associated with 
major modification of the pituitary gland, may be largely 
unrecognized on MRI analysis, and may also be difficult 
to recognize on histological analysis in small surgical 

stimulation, though more recently other tests have been 
described [53, 54]. 

According to some studies, IPSS can be successfully 
applied to the preoperative evaluation of patients with pre-
sumed CD [21, 25].

In our series this was interpreted according to our pre-
defined protocol using a basal IPS: peripheral ACTH 
ratio ≥ 1.4 and/or a post–CRH-stimulated ratio ≥ 3.0, with 
operative decisions primarily anchored to the stimulated 
gradient to preserve specificity in MRI-negative disease. 
Although conventional thresholds of ≥ 2.0 basally and ≥ 3.0 
post-stimulation are widely referenced [55], multiple reports 
[56, 57] document center-level variability and support 
lower basal cut-offs to enhance sensitivity in appropriately 
selected patients. Early IPSS series and subsequent analyses 
acknowledge basal thresholds around 1.4–1.7 [58–60], and 
contemporary reviews note that receiver-operating-charac-
teristic analyses in some cohorts favored basal cut-offs near 
1.4 without compromising diagnostic performance when 
procedures are executed by experienced teams during active 
hypercortisolism [57, 61]. In line with these data and best-
practice recommendations emphasizing the primacy of the 
stimulated gradient, our use of a basal threshold of 1.4 is 
intended to maximize sensitivity in biochemically active, 
MRI-negative CD.

Studies report that IPSS can guide intraoperative explo-
ration of the pituitary gland [41, 45]. Prior large-scale stud-
ies [2, 62] reported positive predictive values for correct 
lateralization ranging between 61.34% [41] and 84.6% [45], 
suggesting that IPSS might help in identifying tumor lat-
eralization. Testa et al. [26] underlined the low predictive 
value of IPSS in adenoma lateralization and that the surgi-
cal approach did not differ in patients who underwent IPSS 
from those who did not. Inaccurate lateralization has been 
attributed to asymmetrical venous drainage with shunting of 
blood toward the dominant side and to anatomical variation 
of the inferior petrosal sinus or to physiological fluctuations 
of ACTH secretion that can affect sampling results and cath-
eter positioning [2, 45]. Data on venous anatomy could not 
be retrieved in our series. Interestingly, even when pathol-
ogy was bilateral, IPSS showed lateralization according to 
recently suggested criteria.

Our series demonstrated low concordance between the 
lateralization suggested by IPSS and the side confirmed by 
surgery or histopathology: a positive correlation was found 
in only 4 of 12 (33%) patients. Indeed, all our patients under-
went a systematic pituitary exploration, which started at the 
level of the most suspicious MRI finding or the lateraliza-
tion sign of IPSS, but continued even if the team suspected 
that a PitNET might have been found. Given these limita-
tions, thorough surgical exploration of the pituitary gland 
remains essential in MRI-negative patients regardless of 
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specimens. Thus, performing partial hypophysectomy 
enables the collection of tissue samples with limited mor-
bidity, allowing extensive histopathological analysis. His-
topathological diagnosis is crucial, and investigation of the 
reticulin network and immunohistochemistry for ACTH 
and cytokeratins represent useful tools in the differential 
diagnosis between normal pituitary tissue, hyperplasia, 
and PitNET.

Conclusion

Our findings must be interpreted considering certain limita-
tions. Since the current study is retrospective, it is limited by 
the bias that complete data collection was precluded for all 
patients. Another limitation is the small sample size of the 
case series. Nonetheless, these limitations are compensated 
for by the systematic literature review and meta-analysis. 
Despite these limitations, our findings highlight that nearly 
1 in 3 patients with CD and a negative pituitary MRI fail to 
achieve disease remission. This underscores the importance 
of thorough histopathological examination, which may 
reveal a high prevalence of ACTH hyperplasia that is not 
detected by imaging alone. When performed by experienced 
surgeons, pituitary exploration carries a low risk of com-
plications and remains the definitive approach to remove 
an ACTH-PitNET if present. Moreover, it provides essen-
tial histological information that correlates with remission 
outcomes and can guide subsequent therapeutic decisions 
in cases where the disease persists. Overall, acknowledging 
the present limitations in the pre- and post-operative diag-
nostic phases of CD is important to plan future multidisci-
plinary, multicenter, systematic studies to further advance 
the diagnosis and management of patients with CD and 
negative MRI.

Acknowledgements  The authors would like to thank all members of 
the research group for their valuable collaboration and assistance with 
data collection and analysis. This study received no specific grant from 
any funding agency in the public, commercial, or not-for-profit sectors.

Author contributions  Conceptualization: F.D., Data curation: F.D., 
F.G., A.M., G.S., L.T.B, P.L.P, Formal analysis: F.G., A.M., Investiga-
tion: F.G., A.M., Methodology: F.G., A.M., L.T.B, Resources: F.G., 
A.M., Software: F.G., A.M., L.T.B. Supervision: F.D., P.L.P., Valida-
tion: F.D., Visualization: F.G., A.M., S.S. Writing – original draft: F.D., 
F.G., A.M., Writing – review & editing: all authors.

Funding  Open access funding provided by Università Cattolica del 
Sacro Cuore within the CRUI-CARE Agreement. No funding was re-
ceived for conducting this study.

Data availability  All data that support the findings of this study are 
included in the published article.

1 3

  246   Page 10 of 13

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00701-017-3140-1
https://doi.org/10.1007/s00701-017-3140-1
https://doi.org/10.1186/s12902-022-01069-5
https://doi.org/10.1186/s12902-022-01069-5
https://doi.org/10.1016/j.wneu.2011.06.033
https://doi.org/10.1016/j.wneu.2011.06.033
https://doi.org/10.1007/s11102-010-0222-y
https://doi.org/10.1007/s11102-010-0222-y
https://doi.org/10.1111/j.1365-2265.2009.03723.x
https://doi.org/10.1111/j.1365-2265.2009.03723.x
https://doi.org/10.1111/j.1365-2265.2011.04279.x
https://doi.org/10.1111/j.1365-2265.2011.04279.x


Neurosurgical Review          (2026) 49:246 

Tumor. Neurosurgery 47(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​0​0​​0​0​6​​1​2​3​​-​2​
0​0​​0​0​​7​0​0​0​-​0​0​0​0​8

24.	 Salenave S et al (2004) Pituitary magnetic resonance imag-
ing findings do not influence surgical outcome in adrenocorti-
cotropin-secreting microadenomas. J Clin Endocrinol Metab 
89(7):3371–3376. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​c​​.​2​0​0​3​-​0​3​1​9​0​8

25.	 Netea-Maier RT 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. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​3​0​​/​e​j​​e​.​1​.​0​2​1​3​3

26.	 Testa RM et al (2007) The usefulness of combined biochemical 
tests in the diagnosis of Cushing’s disease with negative pituitary 
magnetic resonance imaging. Eur J Endocrinol 156(2):241–248. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​3​0​​/​e​j​​e​.​1​.​0​2​3​3​2

27.	 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. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​7​1​​/​f​o​​c​.​2​0​0​7​.​2​3​.​3​.​1​1

28.	 Xing B et al (2008) Magnetic resonance imaging characteristics 
and surgical results of adrenocorticotropin-secreting pituitary 
adenomas. Chin Med Sci J Chung-Kuo Hsueh Ko Hsueh Tsa 
Chih 23(1)44–48

29.	 Alwani RA et al (2010) Biochemical predictors of outcome of 
pituitary surgery for cushing’s disease. Neuroendocrinology 
91(2):169–178. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​5​9​​/​0​0​​0​2​5​8​6​7​7

30.	 Ciric I et al (2012) Transsphenoidal surgery for Cushing disease: 
experience with 136 patients. Neurosurgery 70(1):70–81. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​2​7​​/​N​E​​U​.​0​b​0​1​3​e​3​1​8​2​2​d​d​a​2​c

31.	 Honegger J et al (2012) Contemporary microsurgical concept for 
the treatment of cushing’s disease: endocrine outcome in 83 con-
secutive patients. Clin Endocrinol (Oxf) 76(4):560–567. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​3​6​​5​-​2​​2​6​5​.​​2​0​​1​1​.​0​4​2​6​8​.​x

32.	 Wagenmakers MAEM et al (2013) Endoscopic transsphenoidal 
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. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
5​3​0​​/​E​J​​E​-​1​3​-​0​3​2​5

33.	 Aranda G et al (2015) Long-term remission and recurrence rate 
in a cohort of cushing’s disease: the need for long-term follow-
up. Pituitary 18(1):142–149. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​1​0​2​-​0​1​
4​-​0​5​6​7​-​8

34.	 Shin SS et al (2017) Endoscopic endonasal approach for adre-
nocorticotropic Hormone-Secreting pituitary adenomas: out-
comes and analysis of remission rates and tumor biochemical 
activity with respect to tumor invasiveness. World Neurosurg 
102(1):651–658e. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​w​n​e​u​.​2​0​1​5​.​0​7​.​0​6​5

35.	 Chandler WF et al (2016) Outcome of transsphenoidal surgery 
for Cushing disease: A Single-Center experience over 32 years. 
Neurosurgery 78(2):216–223. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​2​7​​/​N​E​​U​.​0​0​0​0​
0​0​0​0​0​0​0​0​1​0​1​1

36.	 Keskin FE et al (2017) Outcomes of primary transsphenoidal sur-
gery in Cushing disease: experience of a tertiary center. World 
Neurosurg 106:374–381. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​w​n​e​u​.​2​0​1​7​.​0​7​
.​0​1​4

37.	 Johnston PC et al (2017) Surgical outcomes in patients with 
cushing’s disease: the Cleveland clinic experience. Pituitary 
20(4):430–440. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​1​0​2​-​0​1​7​-​0​8​0​2​-​1

38.	 Saini S, Kanwar J, Gupta S, Behari S, Bhatia E, Yadav S (2019) 
Long-term outcome of trans-sphenoidal surgery for cushing’s dis-
ease in Indian patients. Acta Neurochir (Wien) 161(1):119–127. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​7​0​1​-​0​1​8​-​3​7​3​6​-​0

39.	 Brichard C, Costa E, Fomekong E, Maiter D, Raftopoulos C 
(2018) Outcome of transsphenoidal surgery for Cushing disease: 
A Single-Center experience over 20 years. World Neurosurg 
119:e106–e117. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​w​n​e​u​.​2​0​1​8​.​0​7​.​0​5​5

7.	 Jagannathan J, Sheehan JP, Jane JAJ (2007) Evaluation and man-
agement of Cushing syndrome in cases of negative Sellar mag-
netic resonance imaging. Neurosurg Focus 23(3):E3. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​3​​1​7​1​​/​f​o​​c​.​2​0​0​7​.​2​3​.​3​.​4

8.	 Carr SB, Kleinschmidt-DeMasters BK, Kerr JM, Kiseljak-Vas-
siliades K, Wierman ME, Lillehei KO (2018) Negative surgical 
exploration in patients with Cushing’s disease: benefit of two-
thirds gland resection on remission rate and a review of the litera-
ture. J Neurosurg 129(5):1260–1267. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​7​1​​/​2​0​​1​
7​.​5​.​J​N​S​1​6​2​9​0​1

9.	 Guaraldi F et al (2020) Results and predictors of outcome of 
endoscopic endonasal surgery in Cushing’s disease: 20-year 
experience of an Italian referral Pituitary Center. J Endocrinol 
Invest 43(10):1463–1471. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​0​6​1​8​-​0​2​0​-​0​
1​2​2​5​-​5

10.	 Cristante J et al (2019) Why We Should Still Treat by Neurosur-
gery Patients With Cushing Disease and a Normal or Inconclu-
sive Pituitary MRI. J Clin Endocrinol Metab 104(9):4101–4113. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​c​​.​2​0​1​9​-​0​0​3​3​3

11.	 Oldfield EH Cushing’s Disease: Lessons Learned From 1500 
Cases: Neurosurgery, Accessed: Mar. 23, 2025. [Online]. Avail-
able: ​h​t​t​p​​s​:​/​​/​j​o​u​​r​n​​a​l​s​​.​l​w​w​​.​c​o​​m​/​n​​e​u​r​​o​s​u​​r​g​e​r​​y​/​​f​u​l​​l​t​e​x​​t​/​2​​0​1​7​​/​0​9​​0​0​1​​
/​c​u​s​​h​i​​n​g​_​​s​_​d​i​​s​e​a​​s​e​_​​_​l​e​​s​s​o​​n​s​_​l​​e​a​​r​n​e​d​_​f​r​o​m​_​1​5​0​0​_​c​a​s​e​s​.​1​0​.​a​s​p​x

12.	 Horvath E, Kovacs K, Scheithauer B (1999) [No title found]. Pitu-
itary 1(3/4):169–179. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​2​3​​/​A​:​​1​0​0​9​9​5​2​9​3​0​4​2​5

13.	 Catalino MP, Meredith DM, de Girolami U, Tavakol S, Min 
L, Laws ER (2021) Corticotroph hyperplasia and Cushing dis-
ease: diagnostic features and surgical management. J Neurosurg 
135(1):152–163. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​7​1​​/​2​0​​2​0​.​5​.​J​N​S​2​0​1​5​1​4

14.	 Page MJ et al (2021) PRISMA 2020 explanation and elabora-
tion: updated guidance and exemplars for reporting systematic 
reviews. BMJ n160 ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​3​6​​/​b​m​​j​.​n​1​6​0

15.	 R Core Team (2018) R: A Language and environment for statisti-
cal computing. R Foundation for Statistical Computing, Vienna, 
Austria.

16.	 Balduzzi S, Rücker G, Schwarzer G (2019) How to perform a 
meta-analysis with R: a practical tutorial. Evid Based Ment 
Health 22(4):153–160. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​3​6​​/​e​b​​m​e​n​t​a​l​-​2​0​1​9​-​3​
0​0​1​1​7

17.	 Rampinelli V et al (2017) Two-dimensional high definition versus 
three-dimensional endoscopy in endonasal skull base surgery: a 
comparative preclinical study. World Neurosurg 105:223–231

18.	 Belotti F et al (2018) Modular classification of endoscopic endo-
nasal transsphenoidal approaches to Sellar region: anatomic 
quantitative study. World Neurosurg 109:e281–e291. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​w​n​e​u​.​2​0​1​7​.​0​9​.​1​6​5

19.	 De Sousa SMC, Earls P, McCormack AI (2015) Pituitary hyper-
plasia: case series and literature review of an under-recognised 
and heterogeneous condition, Endocrinol Diab Metab Case Rep ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​3​0​​/​E​D​​M​-​1​5​-​0​0​1​7

20.	 Akirov A et al (2021) Significance of crooke’s hyaline change 
in nontumorous corticotrophs of patients with Cushing disease. 
Front Endocrinol 12:620005. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​e​​n​d​o​.​2​0​2​1​.​
6​2​0​0​0​5

21.	 Jehle S, Walsh JE, Freda PU, Post KD (2008) Selective Use of 
Bilateral Inferior Petrosal Sinus Sampling in Patients with Adre-
nocorticotropin-Dependent Cushing’s Syndrome Prior to Trans-
sphenoidal Surgery. J Clin Endocrinol Metab 93(12):4624–4632. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​c​​.​2​0​0​8​-​0​9​7​9

22.	 Yamada S et al (2015) Therapeutic outcomes in patients undergo-
ing surgery after diagnosis of Cushing’s disease: A single-center 
study. Endocr J 62(12):1115–1125.

23.	 Sheehan JM, Lopes MB, Sheehan JP, Ellegala D, Webb KM, 
Laws ER (2000) Results of Transsphenoidal Surgery for Cush-
ing’s Disease in Patients with No Histologically Confirmed 

1 3

Page 11 of 13    246 

https://doi.org/10.1097/00006123-200007000-00008
https://doi.org/10.1097/00006123-200007000-00008
https://doi.org/10.1210/jc.2003-031908
https://doi.org/10.1530/eje.1.02133
https://doi.org/10.1530/eje.1.02133
https://doi.org/10.1530/eje.1.02332
https://doi.org/10.1530/eje.1.02332
https://doi.org/10.3171/foc.2007.23.3.11
https://doi.org/10.1159/000258677
https://doi.org/10.1227/NEU.0b013e31822dda2c
https://doi.org/10.1227/NEU.0b013e31822dda2c
https://doi.org/10.1111/j.1365-2265.2011.04268.x
https://doi.org/10.1111/j.1365-2265.2011.04268.x
https://doi.org/10.1530/EJE-13-0325
https://doi.org/10.1530/EJE-13-0325
https://doi.org/10.1007/s11102-014-0567-8
https://doi.org/10.1007/s11102-014-0567-8
https://doi.org/10.1016/j.wneu.2015.07.065
https://doi.org/10.1227/NEU.0000000000001011
https://doi.org/10.1227/NEU.0000000000001011
https://doi.org/10.1016/j.wneu.2017.07.014
https://doi.org/10.1016/j.wneu.2017.07.014
https://doi.org/10.1007/s11102-017-0802-1
https://doi.org/10.1007/s00701-018-3736-0
https://doi.org/10.1007/s00701-018-3736-0
https://doi.org/10.1016/j.wneu.2018.07.055
https://doi.org/10.3171/foc.2007.23.3.4
https://doi.org/10.3171/foc.2007.23.3.4
https://doi.org/10.3171/2017.5.JNS162901
https://doi.org/10.3171/2017.5.JNS162901
https://doi.org/10.1007/s40618-020-01225-5
https://doi.org/10.1007/s40618-020-01225-5
https://doi.org/10.1210/jc.2019-00333
https://doi.org/10.1210/jc.2019-00333
https://journals.lww.com/neurosurgery/fulltext/2017/09001/cushing_s_disease__lessons_learned_from_1500_cases.10.aspx
https://journals.lww.com/neurosurgery/fulltext/2017/09001/cushing_s_disease__lessons_learned_from_1500_cases.10.aspx
https://doi.org/10.1023/A:1009952930425
https://doi.org/10.3171/2020.5.JNS201514
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1136/ebmental-2019-300117
https://doi.org/10.1136/ebmental-2019-300117
https://doi.org/10.1016/j.wneu.2017.09.165
https://doi.org/10.1016/j.wneu.2017.09.165
https://doi.org/10.1530/EDM-15-0017
https://doi.org/10.1530/EDM-15-0017
https://doi.org/10.3389/fendo.2021.620005
https://doi.org/10.3389/fendo.2021.620005
https://doi.org/10.1210/jc.2008-0979
https://doi.org/10.1210/jc.2008-0979


Neurosurgical Review          (2026) 49:246 

corticotropic-releasing hormone: a single-center experience. J 
NeuroInterventional Surg 7(9):690–693. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​3​6​​
/​n​e​​u​r​i​​n​t​s​​u​r​g​-​​2​0​​1​4​-​0​1​1​2​6​2

55.	 Oldfield EH et al (1991) Petrosal Sinus Sampling with and with-
out Corticotropin-Releasing Hormone for the Differential Diag-
nosis of Cushing’s Syndrome. N Engl J Med 325(13):897–905. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​5​6​​/​N​E​​J​M​1​9​9​1​0​9​2​6​3​2​5​1​3​0​1

56.	 Zampetti B, Grossrubatscher E, Dalino Ciaramella P, Boccardi E, 
Loli P (2016) Bilateral inferior petrosal sinus sampling. Endocr 
Connect 5(4):R12–R25. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​3​0​​/​E​C​​-​1​6​-​0​0​2​9

57.	 Vassiliadi DA, Mourelatos P, Kratimenos T, Tsagarakis S (2021) 
Inferior petrosal sinus sampling in Cushing’s syndrome: useful-
ness and pitfalls, Endocrine, vol. 73, no. 3, pp. 530–539, Sep. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​2​0​2​0​-​0​2​1​-​0​2​7​6​4​-​4

58.	 Kaltsas GA (Feb. 1999) A critical analysis of the value of simul-
taneous inferior petrosal sinus sampling in cushing’s disease and 
the occult ectopic adrenocorticotropin syndrome. J Clin Endocri-
nol Metab 84(2):487–492. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​c​​.​8​4​.​2​.​4​8​7

59.	 Colao A, Faggiano A, Pivonello R, Giraldi F, Cavagnini F, Lom-
bardi G (May 2001) Inferior petrosal sinus sampling in the dif-
ferential diagnosis of cushing’s syndrome: results of an Italian 
multicenter study. Eur J Endocrinol 499–507. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
5​3​0​​/​e​j​​e​.​0​.​1​4​4​0​4​9​9

60.	 Tabarin A et al (Jul. 1991) Usefulness of the Corticotropin-
Releasing hormone test during bilateral inferior petrosal sinus 
sampling for the diagnosis of cushing’s disease. J Clin Endocrinol 
Metab 73(1):53–59. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​c​​e​m​-​7​3​-​1​-​5​3

61.	 Forga L, López-Andrés N, Tamayo I, Fernández-Celis A, 
García-Mouriz M, Goñi MJ (May 2022) Relationship between 
soluble protein ST2 (sST2) levels and microvascular complica-
tions in a cohort of patients with type 1 diabetes. Endocrinol 
Diabetes Nutr 69(5):322–330. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​n​d​i​n​u​.​
2​0​2​1​.​0​5​.​0​0​7

62.	 Oldfield EH, Girton ME, Doppman JL (1985) Absence of Inter-
cavernous Venous Mixing: Evidence Supporting Lateralization of 
Pituitary Microadenomas by Venous Sampling*, J. Clin. Endo-
crinol. Metab., vol. 61, no. 4, pp. 644–647, Oct. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​2​1​0​​/​j​c​​e​m​-​6​1​-​4​-​6​4​4

63.	 Dimopoulou C et al (Feb. 2014) Long-term remission and recur-
rence rates after first and second transsphenoidal surgery for 
cushing’s disease: care reality in the Munich metropolitan region. 
Eur J Endocrinol 170(2):283–292. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​3​0​​/​E​J​​E​-​1​
3​-​0​6​3​4

64.	 Ludecke DK, Flitsch J, Knappe UJ, Saeger W Cushing’s disease: 
a surgical view

65.	 Andereggen L et al (Feb. 2021) Influence of inferior petrosal 
sinus drainage symmetry on detection of adenomas in cushing’s 
syndrome. J Neuroradiol 48(1):10–15. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​n​
e​u​r​a​d​.​2​0​1​9​.​0​5​.​0​0​4

66.	 Ciric I, Ragin A, Baumgartner C, Pierce D (1997) Complica-
tions of Transsphenoidal Surgery: Results of a National Survey, 
Review of the Literature, and Personal Experience:, Neurosur-
gery, vol. 40, no. 2, pp. 225–237, Feb. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​1​0​​​9​7​/​​0​0​
0​​0​6​​1​​2​3​-​​1​9​9​​7​0​2​​0​0​0​-​0​0​0​0​1

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

40.	 Mayberg M et al (2018) Dynamics of postoperative serum cor-
tisol after transsphenoidal surgery for Cushing’s disease: impli-
cations for immediate reoperation and remission. J Neurosurg 
129(5):1268–1277. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​7​1​​/​2​0​​1​7​.​6​.​J​N​S​1​7​6​3​5

41.	 Feng M et al (2018) Diagnosis and outcomes of 341 patients with 
cushing’s disease following transsphenoid surgery: A Single-
Center experience. World Neurosurg 109:e75–e80. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​w​n​e​u​.​2​0​1​7​.​0​9​.​1​0​5

42.	 Serban AL et al (2020) Determinants of outcome of transsphenoi-
dal surgery for Cushing disease in a single-centre series. J Endo-
crinol Invest 43(5):631–639. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​0​6​1​8​-​0​1​
9​-​0​1​1​5​1​-​1

43.	 Abellán-Galiana P, Fajardo-Montañana C, Riesgo-Suárez P, 
Pérez-Bermejo M, Ríos-Pérez C, Gómez-Vela J (2019) Prognos-
tic usefulness of ACTH in the postoperative period of Cushing’s 
disease. Endocr Connect 8(9):1262–1272. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​3​
0​​/​E​C​​-​1​9​-​0​2​9​7

44.	 Dai C et al (2020) Outcomes of Transsphenoidal Surgery in Cush-
ing Disease Patients with Negative Pituitary Magnetic Resonance 
Imaging Findings: A Single-Center Experience. Endocr Pract 
26(11):1320–1330. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​4​​1​5​8​​/​E​P​​-​2​0​2​0​-​0​1​7​7

45.	 Zhang K et al (2020) Surgical outcomes and multidisciplinary 
management strategy of Cushing’s disease: a single-center expe-
rience in China. Neurosurg Focus 48(6):E7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​
7​1​​/​2​0​​2​0​.​3​.​F​O​C​U​S​2​0​6​7

46.	 Dai C et al (2022) Surgical outcome of transsphenoidal surgery 
in cushing’s disease: a case series of 1106 patients from a single 
center over 30 years. Endocrine 75(1):219–227. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​0​7​​/​s​1​​2​0​2​0​-​0​2​1​-​0​2​8​4​8​-​1

47.	 Brady Z et al (2021) Outcomes of endoscopic transsphenoidal 
surgery for cushing’s disease. BMC Endocr Disord 21(1):36. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​2​9​0​2​-​0​2​1​-​0​0​6​7​9​-​9

48.	 Araujo-Castro M et al (2022) Presurgical predictive factors of 
surgical remission in Cushing’s disease. Study of 32 cases. Endo-
crinol Diabetes Nutr Engl Ed 69(8):584–590. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​1​6​​/​j​.​​e​n​d​i​e​n​.​2​0​2​1​.​0​7​.​0​0​3

49.	 Wang B et al (2022) Reoperation for recurrent and persistent 
cushing’s disease without visible MRI findings. J Clin Med 
11:6848. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​j​c​​m​1​1​2​2​6​8​4​8

50.	 Chabre O (2018) The difficulties of pseudo-Cushing’s syn-
drome (or ‘non-neoplastic hypercortisolism’). Ann Endocrinol 
79(3):138–145. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​n​d​o​.​2​0​1​8​.​0​4​.​0​1​7

51.	 Fleseriu M et al (2021) Consensus on diagnosis and management 
of Cushing’s disease: a guideline update, Lancet Diabetes Endo-
crinol., vol. 9, no. 12, pp. 847–875, Dec. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​
S​2​​2​1​3​-​8​5​8​7​(​2​1​)​0​0​2​3​5​-​7

52.	 Hinojosa-Amaya JM et al (2024) The conundrum of differentiat-
ing cushing’s syndrome from non-neoplastic hypercortisolism: a 
systematic review and meta-analysis. Pituitary 27(4):345–359. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​1​0​2​-​0​2​4​-​0​1​4​0​8​-​w

53.	 Valizadeh M, Ahmadi AR, Ebadinejad A, Rahmani F, Abiri B 
(2022) Diagnostic accuracy of bilateral inferior petrosal sinus 
sampling using desmopressin or corticotropic- releasing hormone 
in ACTH-dependent Cushing’s syndrome: A systematic review 
and meta-analysis. Rev Endocr Metab Disord 23(5):881–892. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​1​5​4​-​0​2​2​-​0​9​7​2​3​-​y

54.	 Deipolyi AR, Alexander B, Rho J, Hirsch JA, Oklu R (2015) 
Bilateral inferior petrosal sinus sampling using desmopressin or 

1 3

  246   Page 12 of 13

https://doi.org/10.1136/neurintsurg-2014-011262
https://doi.org/10.1136/neurintsurg-2014-011262
https://doi.org/10.1056/NEJM199109263251301
https://doi.org/10.1056/NEJM199109263251301
https://doi.org/10.1530/EC-16-0029
https://doi.org/10.1007/s12020-021-02764-4
https://doi.org/10.1007/s12020-021-02764-4
https://doi.org/10.1210/jc.84.2.487
https://doi.org/10.1530/eje.0.1440499
https://doi.org/10.1530/eje.0.1440499
https://doi.org/10.1210/jcem-73-1-53
https://doi.org/10.1016/j.endinu.2021.05.007
https://doi.org/10.1016/j.endinu.2021.05.007
https://doi.org/10.1210/jcem-61-4-644
https://doi.org/10.1210/jcem-61-4-644
https://doi.org/10.1530/EJE-13-0634
https://doi.org/10.1530/EJE-13-0634
https://doi.org/10.1016/j.neurad.2019.05.004
https://doi.org/10.1016/j.neurad.2019.05.004
https://doi.org/10.1097/00006123-199702000-00001
https://doi.org/10.1097/00006123-199702000-00001
https://doi.org/10.3171/2017.6.JNS17635
https://doi.org/10.1016/j.wneu.2017.09.105
https://doi.org/10.1016/j.wneu.2017.09.105
https://doi.org/10.1007/s40618-019-01151-1
https://doi.org/10.1007/s40618-019-01151-1
https://doi.org/10.1530/EC-19-0297
https://doi.org/10.1530/EC-19-0297
https://doi.org/10.4158/EP-2020-0177
https://doi.org/10.3171/2020.3.FOCUS2067
https://doi.org/10.3171/2020.3.FOCUS2067
https://doi.org/10.1007/s12020-021-02848-1
https://doi.org/10.1007/s12020-021-02848-1
https://doi.org/10.1186/s12902-021-00679-9
https://doi.org/10.1186/s12902-021-00679-9
https://doi.org/10.1016/j.endien.2021.07.003
https://doi.org/10.1016/j.endien.2021.07.003
https://doi.org/10.3390/jcm11226848
https://doi.org/10.1016/j.ando.2018.04.017
https://doi.org/10.1016/S2213-8587(21)00235-7
https://doi.org/10.1016/S2213-8587(21)00235-7
https://doi.org/10.1007/s11102-024-01408-w
https://doi.org/10.1007/s11102-024-01408-w
https://doi.org/10.1007/s11154-022-09723-y
https://doi.org/10.1007/s11154-022-09723-y


Neurosurgical Review          (2026) 49:246 

Authors and Affiliations

Francesca Ghidoni1,2 · Alba Madoglio1,2 · Sabrina Chiloiro3,4 · Lodovico Terzi di  Bergamo5 · Marika Vezzoli6 · 
Simona Serioli7,8 · Giada Cosentino9 · Giorgio Saraceno10 · Isabella Lupi9 · Claudio Urbani9 · Massimo Licini11 · 
Renato Candrina12 · Antonella Giampietro3 · Ilenia Pirola11 · Carlo Cappelli11 · Davide Mattavelli13 · 
Vittorio Rampinelli13 · Marco Ferrari14 · Fausto Bogazzi9 · Mirco Cosottini15 · Roberto Gasparotti16 · Luca Manetti9 · 
Antonio Bianchi3,4 · Piero Nicolai14 · Cesare Piazza13 · Marco Maria Fontanella10 · Pietro Luigi Poliani17 · 
Francesco Doglietto18,19,20

	
 Francesco Doglietto
francesco.doglietto@unicatt.it

1	 Department of Translational Medicine and for Romagna, 
University of Ferrara, Ferrara, Italy

2	 Neurosurgery Unit, University Hospital of Ferrara, Ferrara, 
Italy

3	 Pituitary Unit, Department of Endocrinology and Diabetes, 
Fondazione Policlinico Universitario A. Gemelli, IRCCS, 
Rome, Italy

4	 Department of Medicine and Translational Surgery, 
Università Cattolica del Sacro Cuore, Rome, Italy

5	 Institute of Oncology Research, Bellinzona, Switzerland
6	 Biostatistics, Department of Molecular and Translational 

Medicine, University of Brescia, Brescia, Italy
7	 Department of Neurosurgery, Papa Giovanni XXIII, 

Bergamo, Italy
8	 Technology for Health PhD Program, University of Brescia, 

Brescia 25124, Italy
9	 Department of Clinical and Experimental Medicine, 

University of Pisa, Pisa, Italy
10	 Neurosurgery, Department of Medical and Surgical 

Specialties, Radiological Sciences and Public Health, 
University of Brescia, Brescia, Italy

11	 Department of Clinical and Experimental Sciences, ASST 
Spedali Civili of Brescia, SSD Endocrinologia, University of 
Brescia, Brescia, Italy

12	 Endocrinology, Diabetology and Metabolic Diseases, 
Fondazione Poliambulanza Istituto Ospedaliero, Brescia, 
Italy

13	 Unit of Otorhinolaryngology-Head and Neck Surgery, 
Department of Surgical Specialties, Radiological Sciences 
and Public Health, ASST Spedali Civili of Brescia, 
University of Brescia, Brescia, Italy

14	 Otorhinolaryngology-Head and Neck Surgery, Department of 
Neuroscience, University of Padua, Padua, Italy

15	 Neuroradiology, Department of Translational Research On 
New Technologies in Medicine and Surgery, University of 
Pisa, Pisa, Italy

16	 Neuroradiology, Department of Medical and Surgical 
Specialties, Radiological Sciences and Public Health, 
University of Brescia, Brescia, Italy

17	 Pathology Unit, Department of Molecular and Translational 
Medicine, University of Brescia, Brescia, Italy

18	 Neurosurgery, Fondazione Policlinico Universitario Agostino 
Gemelli, IRCCS, Rome, Italy

19	 Neurosurgery, Dipartimento di Neuroscienze, Organi di 
Senso e Torace, Università Cattolica del Sacro Cuore, Rome, 
Italy

20	 Neurosurgery Dipartimento di Neuroscienze, Organi di 
Senso e Torace, Dipartimento di Neuroscienze, Fondazione 
Policlinico Universitario A. Gemelli, IRCCS, Università 
Cattolica del Sacro Cuore, Largo Agostino Gemelli, 8,  
Rome 00168, Italy

1 3

Page 13 of 13    246 


	﻿Cushing’s disease and negative MRI: a single-center series, systematic literature review, and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Systematic literature review with meta-analysis
	﻿Search strategy
	﻿Inclusion and exclusion criteria
	﻿Quality assessment and data extraction
	﻿Statistical methods


	﻿Institutional case series
	﻿Data collected
	﻿Surgical exploration
	﻿Pathological examination
	﻿Post-operative data

	﻿Statistical analysis
	﻿Results


