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Nelson’s Syndrome after bilateral adrenalectomy: A comprehensive review of
pathogenesis, diagnosis, and treatment approaches
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Summary

Nelson's syndrome (NS) is a rare but serious condition that may develop in patients with Cushing’s
disecase following bilateral adrenalectomy (BLA), a surgical intervention employed to control
hypercortisolism. NS is characterized by the progressive enlargement of adrenocorticotropic hormone
(ACTH)-secreting pituitary adenomas, leading to markedly elevated circulating ACTH levels, diffuse skin
hyperpigmentation, and neurological deficits secondary to local mass effects. The pathogenesis of NS
primarily involves the removal of cortisol-mediated negative feedback on the hypothalamic-pituitary-
adrenal (HPA) axis, which promotes corticotroph tumor proliferation and unchecked ACTH hypersecretion.
Genetic mutations, notably in USP8 and BRAF, have been implicated in potentiating tumor aggressiveness.
Recent advances in diagnostic practices emphasize dynamic contrast-enhanced magnetic resonance
imaging (MRI) and sensitive biochemical assays, which have increasingly supplanted reliance on overt
clinical features alone. Therapeutic modalities encompass transsphenoidal surgical resection, radiation
therapy, and pharmacological agents such as pasireotide, a somatostatin receptor analogue. Novel therapies
like temozolomide, inhibitors of the PI3K/AKT/mTOR signaling axis, and immune checkpoint inhibitors
are currently under investigation for refractory or rapidly progressing cases. Nonetheless, management
challenges persist, particularly regarding tumor recurrence, treatment resistance, and long-term
complications, including hypopituitarism and infection-related morbidity, all of which significantly impair
the quality of life. This review integrates contemporary understanding of NS, with emphasis on its
molecular pathophysiology, evolving diagnostic landscape, clinical spectrum, and emerging treatment
strategies. It further highlights the prophylactic utility of pituitary radiotherapy and the importance of
vigilant ACTH surveillance post-BLA. Optimal outcomes necessitate a multidisciplinary, individualized
approach focused on early detection, targeted interventions, and continuous follow-up.

Keywords: Nelson’s syndrome, Cushing’s disease, post-adrenalectomy, ACTH-secreting pituitary
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Sazetak

Nelsonov sindrom (NS) je rijetka, ali ozbiljna posljedica kirurSkog lijeCenja Cushingove bolesti
bilateralnom adrenalektomijom (BLA), kirurSkom metodom lijeCenja hiperkortizolizma. NS je
karakteriziran progresivnim povecanjem adenoma hipofize koji izlucuje adrenokortikotropni hormon
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(ACTH), sto dovodi do izrazito poviSenih razina ACTH-a u cirkulaciji, difuzne hiperpigmentacije koze i
neuroloskih ispada radi kompresivnog ucinka na tkivo hipofize. Patogeneza NS prvenstveno nastaje jer
dolazi do nestanka negativne povratne sprege na osovini hipotalamus-hipofiza-nadbubrezna Zlijezda, $to
potice proliferaciju kortikotropnog tkiva hipofize te posljedi¢no nekontroliranu hipersekreciju ACTH-a te
razvoj tumora hipofize. Genetske mutacije, osobito u genima USP8 i BRAF, doprinose agresivnosti tumora.
Nedavni napredak u dijagnositici NS isti¢e dinami¢ku magnetsku rezonanciju (MRI) s pojacanim
kontrastom i osjetljive biokemijske testove kao metode izbora koji sve vise istiskuju oslanjanje iskljucivo
na ocite klinicke znacajke NS. Terapijski, opcije lijeCenja NS su transfenoidalna kirurSka resekcija tumora,
zracenje te farmakoterapija pasireotidom (analog receptora somatostatina). Nove terapijske opcije kao npr.
temozolomid, inhibitori PI3K/AKT/mTOR signalne osi i inhibitori imunoloskih kontrolnih tocaka, u
studijama se ispituju za refraktorne ili brzonapredujuce slucajeve. Bez obzira na napredak u lijecenju i
dijagnostici, NS je izazovno stanje, osobito kod slucaja recidiva tumora, rezistencije na lije¢enje i kod
pojave kroni¢nih komplikacija kao $to su hipopituitarizam te infekcije nakon operativnog lijecenja, §to sve
skupa znacajno narusava kvalitetu Zivota. Ovaj pregledni rad integrira suvremeno razumijevanje NS-a s
naglaskom na njegovu molekularnu patofiziologiju, razvoj dijagnosti¢kih metoda, klinicki spektar prikaza
bolesti te nove strategije lijeCenja. Takoder isti¢e korist profilakticke radioterapije hipofize 1 vaznost
pracenja razine ACTH-a nakon BLA. Optimalni ishodi lijeCenja NS zahtijevaju multidisciplinarni,
individualizirani pristup usmjeren na rano otkrivanje, ciljane intervencije i kontinuirano pracenje bolesnika.

Kljuéne rije€i: Nelsonov sindrom, Cushingova bolest, postadrenalektomija, adenom hipofize koji luci

ACTH.
Introduction

Nelson’s syndrome (NS), was first described in
1958, and represents a rare yet serious complication
of bilateral adrenalectomy (BLA) undertaken for the
treatment of Cushing’s disease, and is characterized
by progressive pituitary tumour enlargement,
elevated adrenocorticotropic hormone (ACTH) levels,
and diffuse skin hyperpigmentation.'? The reported
incidence of NS ranges from 8-43% in adults, and
might reach up to 66% in pediatric populations post-
BLA, with identified risk factors including
preoperative ACTH elevation, invasive corticotroph
adenomas, prolonged disease duration, and residual
pituitary tumour burden.* The pathophysiology is
primarily driven by the removal of cortisol-mediated
negative feedback on the hypothalamic-pituitary-
adrenal (HPA) axis, which facilitates unchecked
proliferation of corticotroph cells and excessive
ACTH secretion, resulting in clinical manifestations
such as hyperpigmentation, visual field defects,
cephalea, and compressive neurological symptoms.>?

Diagnostic approaches have evolved from reliance
on classical clinical features and radiographic
evidence to more refined criteria integrating dynamic
magnetic resonance imaging (MRI) findings of
pituitary tumour progression or new-onset adenoma,
alongside biochemical parameters such as plasma
ACTH concentrations exceeding 500 ng/L and a >30%
increase across three separate measurements.®®
Diagnostic challenges are compounded by the
potential for overlapping ACTH elevations observed
in ectopic ACTH syndrome, necessitating
comprehensive  and  multimodal  assessment
strategies.” MRI remains a cornerstone of evaluation,
with sellar enlargement or visible pituitary lesions
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correlating strongly with clinical progression.®
Furthermore, contemporary guidelines advocate the
use of histopathological markers such as the Ki-67
labelling index to gauge tumor proliferative activity
and aggressiveness.’

Given its potentially life-threatening nature, NS
mandates early detection, individualized treatment
planning, and  sustained  multidisciplinary
surveillance. Continued research into molecular
targets and novel therapeutic agents is essential to
optimize patient outcomes and reduce the burden of
recurrence.*® This review aims to synthesize current
evidence on the pathogenesis, diagnostic
advancements, and therapeutic strategies of NS.

Clinical Features

NS is a rare but well-recognized complication
arising after BLA performed for the management of
Cushing’s disease.® The syndrome is classically
defined by a triad comprising progressive skin
hyperpigmentation, markedly elevated plasma ACTH
levels, and pituitary tumour enlargement.®!°
Hyperpigmentation, present in approximately 42% of
cases, results from ACTH-driven stimulation of
melanocortin 1 receptors on melanocytes, most
prominently affecting non—sun-exposed regions such
as the linea nigra, surgical scars, and gingival
mucosa.>”!® ACTH concentrations in NS are
characteristically elevated, with median morning
values reported at 1176 pg/ml [interquartile range:
434-1713], and show minimal diurnal fluctuation,
reflecting autonomous corticotroph hypersecretion
that is largely uncoupled from corticotropin-releasing
hormone.!!

Pituitary tumour progression typically manifests
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within 1 to 4 years following BLA, although delayed
presentations have been reported up to 24 years
postoperatively. Tumour expansion may precipitate
neurological and visual disturbances, including
headaches—reported in approximately 33% of
affected individuals—bitemporal hemianopia due to
optic chiasm compression, and cranial nerve palsies
arising from cavernous sinus invasion.'>!3 As the
tumour mass enlarges, compression of the normal
pituitary gland frequently results in
panhypopituitarism, with thyroid-stimulating
hormone (TSH) and gonadotropin deficiencies
among the most commonly observed endocrine
sequelae.!®'?  Additional complications include
diabetes insipidus, secondary to posterior pituitary
involvement, and intracranial hypertension, which
may arise from tumour necrosis or rapid growth.!?
Accurate diagnosis of NS necessitates careful
exclusion of alternative conditions. ACTH-driven
pigmentation without primary adrenal failure helps
differentiate NS from Addison’s disease,” while the
absence of cortisol production following BLA
distinguishes it from recurrent or persistent Cushing’s
disease.®? Atypical presentations have been described,
including cases of hyperpigmentation in the absence
of radiologically detectable pituitary adenomas and
rare occurrences of pituitary apoplexy, involving
haemorrhage or infarction within the adenoma.!'* 13

Pathophysiology

In refractory Cushing’s disease, BLA eliminates
endogenous cortisol production and the HPA axis by
removing cortisol-mediated negative feedback. This
disinhibition leads to unchecked secretion of ACTH
by corticotroph adenomas, driving the development
of NS. >&ILI6719 Under normal physiology, cortisol
suppresses corticotropin-releasing hormone (CRH)
and ACTH release through mineralocorticoid (MR)
and glucocorticoid receptors (GR). The absence of
GR-mediated suppression after BLA results in
overproduction of CRH and pro-opiomelanocortin
(POMC), culminating in corticotroph cell hyperplasia
and progressive ACTH hypersecretion. !¢

Genetic mutations further modulate this
dysregulation. Variants in USPS8 (e.g., p.Pro720GlIn,
found in ~45% of corticotroph adenomas), BRAF
(notably V600E), and NR3C! (encoding GR) have
been implicated in the pathogenesis of NS. These
mutations are associated with enhanced POMC
transcription, aberrant mitogen-activated protein
kinase (MAPK) signaling, and impaired cortisol
feedback, though they do not consistently predict
tumor size or recurrence risk. * Following BLA,
compensatory CRH and arginine vasopressin (AVP)

secretion from the hypothalamus further stimulate
ACTH release. Overexpression of CRH and
vasopressin V3 receptors in corticotroph tumors
exacerbates this process, promoting tumor
proliferation. >#

Clinically, NS tumors are aggressive, ACTH-
secreting macroadenomas. Tumor growth may cause
compressive  symptoms such as  bitemporal
hemianopia  and  cranial  nerve deficits.
Hyperpigmentation, a hallmark feature, results from
ACTH interaction with melanocortin 1 receptors on
melanocytes, activating the cAMP/protein kinase A
(PKA) pathway to increase melanin synthesis.  2°
Corticotroph adenomas comprise 10-15% of all
intracranial tumors and are categorized by size
(microadenomas <10 mm; macroadenomas >10 mm)
and function. ACTH-producing adenomas underlie
Cushing’s disease and its post-adrenalectomy
sequelae. A rare subset, ectopic ACTH-producing
pituitary adenomas (EAPAs), may arise from ectopic
Rathke’s pouch remnants, posing unique diagnostic
challenges.’*** NS typically results from the
monoclonal expansion of pre-existing corticotroph
adenomas rather than de novo formation. CRH and
AVP remain central to tumor stimulation in the
absence of adrenal feedback.’

Nelson’'s Syndrome:

Pathophysiology
Bilateral
h Adrenalectomy
Hirolahatinlis « Eliminates cortisol
| production
CRH
Pituitary
l\ 5 Adenoma

T ACTH Secretion

1 Tumor Growth
Hyperpigmentation
Mediated Negative

Loss of Cortisol-
Feedback l

Genetic Mutations
- USP8

- BRAF

« NR3C1

,Q

Hyperpigmentation

Corticotroph
Adenoma Growth

« May Compress
Visual Pathways

Figure 1: Pathophysiology of Nelson’s Syndrome
following Bilateral Adrenalectomy: BLA abolishes
cortisol-mediated negative feedback on the hypothalamic-
pituitary-adrenal (HPA) axis, resulting in disinhibition of
corticotropin-releasing hormone (CRH) and increased
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ACTH secretion from residual pituitary adenomas.
Genetic mutations, including USP8, BRAF, and NR3Cl,
contribute to enhanced pro-opiomelanocortin (POMC)
transcription, tumor progression, and sustained
hypersecretion of ACTH. This leads to characteristic
hyperpigmentation through melanocortin 1 receptor
(MCI1R) activation on melanocytes and potential mass
effects such as visual pathway compression.

Slika 1.: Patofiziologija Nelsonovog sindroma nakon
bilateralne adrenalektomije: BLA ukida negativhu
povratnu informaciju posredovanu kortizolom na
hipotalamicko-hipofizno-adrenalnoj (HPA) osi, Sto
rezultiva deinhibicijom kortikotropin-oslobadajuceg
hormona (CRH) i povecanim lucenjem ACTH iz
rezidualnih adenoma hipofize. Genetske mutacije,
ukljucujuci USP8, BRAF i NR3C1, doprinose pojacanoj
transkripciji pro-opiomelanokortina (POMC), progresiji
tumora i produljenoj hipersekreciji ACTH. To dovodi do
karakteristicne hiperpigmentacije putem aktivacije
receptora melanokortina 1 (MCIR) na melanocitima i
potencijalnih ucinaka na masu poput kompresije vidnog
puta.

Diagnosis

NS is diagnosed by progressive enlargement of an
ACTH-secreting pituitary adenoma and rising plasma
ACTH levels following BLA, most often performed
for refractory Cushing’s disease. Diagnostic
confirmation integrates biochemical, radiologic, and
histopathological criteria. 2% %° Plasma ACTH
concentrations exceeding 500 ng/L, particularly when
showing a >30% increase over three serial
measurements, are considered diagnostic, though
isolated elevations may reflect physiological post-
BLA fluctuations. *°

Dynamic contrast-enhanced MRI remains the gold
standard for detecting pituitary adenomas. It enables
early identification of tumor progression, particularly
when combined with functional imaging sequences
that highlight delayed contrast uptake.’® 27 A
minimum threshold of more than 10 mm tumor
enlargement has been proposed to reduce
interobserver variability and enhance reproducibility
in radiological assessments. ** MRI also allows for
differentiation from other ACTH-related pathologies,
such as ectopic ACTH syndrome or persistent
Cushing’s disease, both of which can present with
elevated ACTH levels. > '° Endocrine testing plays a
pivotal role in diagnostic refinement.

High-dose dexamethasone suppression and CRH
stimulation tests help distinguish NS from ectopic
ACTH production or residual pituitary activity by
evaluating ACTH responsiveness patterns. '® %
Failure to suppress ACTH with high-dose
dexamethasone, combined with an exaggerated CRH-
stimulated response, is characteristic of NS.
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Histopathological analysis remains a cornerstone of
diagnosis, especially in surgically resected specimens.
Immunohistochemistry confirms ACTH positivity,
while the Ki-67 labeling index offers insights into
tumor proliferative potential. ** Molecular testing for
somatic mutations such as USPS variants can further
elucidate disease mechanisms, though these findings
are not currently incorporated into standard
diagnostic algorithms.*

MRI-Based Diagnostic Algorithm
for Nelson's Syndrome

‘ After bilateral adrenalectomy ’

(BLA)
Magnetic resonance imaging
(MRI)
L 1
Pituitary lesion on No pituitary lesion
MRI on MRI

ACTH =500 ng/L
Progressive elevation

on serial MRI
of ACTH

—

Yes No

Nelson's
syndrome

Continue
monitoring

‘ Enlargement

Continue
monitoring

Figure 2: Magnetic Resonance Imaging- based
diagnostic algorithm of NS: This algorithm outlines
post-adrenalectomy surveillance, integrating ACTH
trends and pituitary MRI findings to support early
identification, differentiation, and timely intervention in
suspected NS.

Slika 2.: Dijagnosticki algoritam NS-a temeljen na
magnetskoj rezonanciji: Ovaj algoritam ocrtava nadzor
nakon adrenalektomije, integrirajuci trendove ACTH-a i
nalaze magnetske rezonancije hipofize kako bi se
podrzala rana identifikacija, diferencijacija i
pravovremena intervencija kod sumnje na NS.

Barber et al's criteria define NS as either
radiologic evidence of a growing pituitary lesion or
ACTH levels persistently above 500 ng/L with
progressive increase post-BLA. 3 These thresholds,
while widely cited, require contextual interpretation,
particularly in the early postoperative period when
ACTH fluctuations are common. Routine MRI
surveillance is recommended beginning three months
post-BLA, followed by annual imaging, to detect
early signs of tumor recurrence or growth. °
Predictors of NS development include the presence of
residual pituitary adenomas before adrenalectomy,
rapid ACTH elevation during the first postoperative
year (e.g., ACTH >100 pg/mL), and high
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preoperative urinary free cortisol (UFC >1,000
ug/day). ° Although hyperpigmentation is frequently
observed and linked to ACTH excess, it lacks
diagnostic specificity and should not be used in
isolation to confirm NS. ° Diagnosis requires the
integration of biochemical progression and radiologic
findings, supported by histopathology where
applicable.

Treatment and Management
Surgical management

Transsphenoidal resection is the cornerstone of
therapy for corticotroph adenomas in NS, achieving
biochemical remission in 10—70% of unselected
series and only 0 — 60 % when the cavernous sinus is
invaded. ® 3> 3, Recurrence is common after subtotal
excision of macroadenomas, underscoring the need
for prolonged surveillance. Postoperative morbidity
remains high: panhypopituitarism affects up to 69 %,
diabetes insipidus 20 %, cerebrospinal-fluid
leakage 15 %, cranial-nerve deficits 5%, and
perioperative mortality 5 %. *° Transcranial surgery,
reserved for tumours inaccessible via the sphenoid
sinus, carries even greater morbidity. ** In a
single-surgeon cohort (n=10), only half of the
patients achieved combined biochemical and
radiological remission at follow-up. **

Radiotherapy

Radiotherapy is indispensable when resection is
incomplete or contraindicated. = Fractionated
stereotactic radiotherapy (FSRT) delivered at 45—
50Gy in 1.8-2.0Gy fractions provides durable
tumour control while sparing the optic apparatus. ® In
a small linear accelerator (LINAC)-based series,
tumour volume tracked hormonal response, and no
new endocrine deficits were observed. ¥
Gamma-Knife  radiosurgery = (GKRS)  offers
particularly robust long-term control. A multicentre
International Radiosurgery Research Foundation
study (n=51) reported radiological control in 92.2 %,
a median ACTH reduction of 62.7 %, and endocrine
remission in29.4% after a single 25 Gy margin
dose*® A separate single-centre series (n=28)
demonstrated 10-year progression-free survival
of 91.7 % (95 % CI180.5—-100). 36 New
hypopituitarism arises in roughly 22 % of GKRS-
treated patients. > ¢ Prophylactic pituitary
irradiations at the time of BLA have reduced NS
incidence from 39 — 50 % to nearly zero. ® *

Pharmacologic therapies

Somatostatin analogues. Pasireotide, which binds
somatostatin receptor subtype-5 (SSTR-5) with high

affinity, lowered morning ACTH from ~1,823 ng/L to
~829ng/L over 28 weeks in an open-label trial;
however, tumour volume was unchanged, and 57 %
of  participants  discontinued  because  of
hyperglycaemia. Case reports confirm rapid
biochemical responses—ACTH fell from 5,935
to 609 pg/mL and from 42,710 to 4,272 pg/mL—yet
also document persistent metabolic toxicity. 3% 3
Dopamine agonists such as Cabergoline achieve
sustained biochemical control in roughly 30 % of
patients but are prone to late “escape.” 4

Alkylating chemotherapy. Temozolomide, valued
for its ability to cross the blood—brain barrier, has
been reported in six NS cases, with partial responses
ranging from transient tumour shrinkage to sustained
ACTH suppression. *! In a pooled series of aggressive
pituitary tumours (n>24), the response rate is 40 —
60 %, although NS-specific data remain sparse. *!
Combination protocols such as capecitabine—
temozolomide (CAPTEM) show early promise in
refractory disease.*?

The therapeutic landscape is shifting toward
molecularly targeted options. Agents directed at
PI3BK/AKT/mTOR, cyclin-dependent kinases, and
immune checkpoints are in early-phase trials.!! Given
the rarity of NS, enrolment in collaborative studies is
essential.

37

Long-term outcomes and complications

Despite multimodal therapy, NS imposes a heavy
chronic burden. Up to two-thirds of surgically
managed patients develop panhypopituitarism.®!
Radiotherapy, particularly GKRS, adds an =20 %
risk of new hormone deficits. ** 3¢ Structural
complications, such as cerebrospinal-fluid leaks,
cranial-nerve palsies, and diabetes insipidus, reflect
tumour invasiveness and surgical complexity.
Although tumour control is highest with GKRS (=90 %
at 10 years) **3¢ and high-precision FSRT ¥, durable
endocrine remission remains modest (<50 % after
surgery; =30 % after GKRS). Care must therefore
balance aggressive disease control against cumulative
treatment toxicity, endocrine replacement needs, and
quality-of-life considerations.

Future Directions
Therapeutic frontiers

Pharmacological control of NS remains nascent.
Pasireotide has produced clinically relevant ACTH
suppression and measurable tumour regression in
small, heterogeneous cohorts. 3° Yet, in the absence of
randomised controlled trials, its long-term efficacy
and safety remain uncertain. > Hyperglycaemia is the
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predominant adverse event, necessitating structured
metabolic-monitoring  protocols. ® In parallel,
characterisation of corticotroph dopamine-receptor
subtypes has revived interest in dopamine agonists:
cabergoline has yielded favourable biochemical and
radiological responses in case reports and limited
series, but methodological constraints and small
sample sizes preclude definitive guidance. ' !!
Debate also persists over prophylactic radiotherapy at
the time of bilateral adrenalectomy; while some
studies suggest a reduced incidence of NS, robust
long-term outcome data are lacking.?

Biomarker-driven risk stratification

Accurate risk prediction is pivotal to tailoring
surveillance and timely intervention. Persistent or
rising ACTH concentrations within the first
post-adrenalectomy year reliably herald future NS.!!
Nevertheless, ACTH lacks specificity, underscoring
the need for complementary molecular or
advanced-imaging biomarkers that refine risk
stratification and pinpoint candidates for pre-emptive
therapy or intensified follow-up.

Diagnostic gaps and pathway standardisation

A clinically challenging subset of patients exhibits
florid hyperpigmentation and marked ACTH excess
in the absence of radiologically demonstrable
adenoma. The capacity of sparse corticotroph cell
clusters to generate disproportionate ACTH remains
poorly elucidated and warrants focused molecular
investigation. * Closing this knowledge gap—
together with harmonising diagnostic thresholds and
treatment algorithms across centres—will require
coordinated, multinational research networks and
consensus  statements. Only through such
collaborative efforts can clinicians achieve consistent,
evidence-based management and improve outcomes
for individuals affected by this complex post
adrenalectomy syndrome.

Conclusion

NS represents a rare but serious sequela of BLA
for Cushing’s disease, characterized by ACTH
hypersecretion and progressive pituitary tumor
growth. Its pathogenesis is driven by disrupted
hypothalamic-pituitary-adrenal feedback and is
further modulated by somatic mutations in genes such
as USPS, BRAF, and NR3CI. Diagnostic accuracy
has improved with serial ACTH monitoring, high-
resolution MRI, and histopathological markers;
however, standardized criteria are still evolving.
Management typically involves transsphenoidal
surgery, with adjunctive radiotherapy and

236

pharmacological agents like pasireotide or
temozolomide employed in refractory cases. Despite
therapeutic advances, recurrence and treatment-
related morbidity remain significant concerns.
Further research is needed to identify reliable
biomarkers, evaluate prophylactic strategies, and
clarify the pathobiology in patients with biochemical
NS but no radiological evidence of disease.
Multidisciplinary and individualized approaches are
essential to improving long-term outcomes in this
complex and understudied condition.

References

1. Mounier C, Pasquet F, Trouillas J, et al. Syndrome de
Nelson: évolution d’un adénome hypophysaire
corticotrope agressif. Ann Endocrinol 2007;68:28-33.

2. Kasperlik-Zaluska ~ AA.  Nelson's  syndrome:
physiopathology, management and prognosis. Expert
Rev Endocrinol Metab 2010;5:291-296.

3. Mruthyunjaya MD, Kumar S, Gupta RD, et al. Nelson’s
Syndrome: A Giant Pituitary. Sri Lanka J Dia, Endo,
Met. 2016;6:23-25.

4. Reincke M, Albani A, Assie G, et al. Corticotroph
tumor progression after bilateral adrenalectomy
(Nelson's syndrome): systematic review and expert
consensus recommendations. Eur J Endocrinol
2021;184: P1-P16.

5. Torres-Rios JA, Romero-Luna G, Meraz Soto JM, et al.
Nelson's Syndrome: A Narrative Review. Cureus
2023;15: e39114.

6. Assié G, Bahurel H, Bertherat J, et al. The Nelson's
syndrome... revisited. Pituitary 2004;7:209-215.

7. Barber TM, Adams E, Ansorge O, Byrne JV, Karavitaki
N. Nelson’s syndrome. Eur J Endocrinol 2010;163:495-
507.

8. Patel J, Eloy JA, Liu JK. Nelson's syndrome: a review
of the clinical manifestations, pathophysiology, and
treatment strategies. Neurosurg Focus 2015;38:E14.

9. Pereira MA, Halpern A, Salgado LR, et al. A study of
patients with Nelson's syndrome. Clin Endocrinol (Oxf)
1998;49:533-539.

10. Esparza-Salazar FJ, Hernandez-Gonzalez JA, Lezama-
Toledo AR, et al. Nelson Syndrome: A Case Report and
Literature Review. AACE Clin Case Rep 2020;7:141-
144.

11.Fountas A, Karavitaki N. Management of Nelson's
Syndrome. Medicina (Kaunas) 2022;58:1580

12. Verma R, Silverstone L, Sharma R. Nelson syndrome.
Radiopaediaorg [Internet]. 2018 Feb 27 [cited 2025
Mar 27]; Available from:
https://radiopaedia.org/articles/58650

13.Lutsenko A, Trukhina D, Belaya Z, et al. Clinical
features and long-term follow-up of patients with
Nelson syndrome. Endocrine Abstracts 2023;90EP680.

14. Gazioglu N, Kadioglu P, Ocal E, et al. An unusual
presentation of Nelson’s syndrome with apoplexy and
subarachnoid hemorrhage. Pituitary 2002;5:267—74.

15. Schuppe K, Burke S, Cohoe B, et al. Atypical Nelson



Kumar Mugada V et al. Nelson's syndrome after bilateral ... — Med Jadert 2025, 55(3-4):231-238

Syndrome Following Right Partial and Left Total
Nephrectomy  with Incidental Bilateral Total
Adrenalectomy of Renal Cell Carcinoma: A Chat
Generative Pre-Trained Transformer (ChatGPT)-
Assisted Case Report and Literature Review. Cureus
2023;15:e36042.

16. Morris LF, Harris RS, Milton DR, et al. Impact and
timing of bilateral adrenalectomy for refractory
adrenocorticotropic  hormone-dependent Cushing’s
syndrome. Surgery 2013;154:1174-1183.

17.Jyotsna VP. Role of bilateral adrenalectomy in
adrenocorticotropic hormone-dependent Cushing's

syndrome. Indian J Endocrinol Metab 2015;19:537-540.

18.Gjerstad JK, Lightman SL, Spiga F. Role of
glucocorticoid negative feedback in the regulation of
HPA axis pulsatility. Stress 2018;21:403-416.

19.Kober P, Rusetska N, Mossakowska BJ, et al. The
expression of glucocorticoid and mineralocorticoid
receptors in pituitary tumors causing Cushing's disease
and silent corticotroph tumors. Front Endocrinol
(Lausanne) 2023;14:1124646

20. Suzuki I, Cone RD, Im S, et al. Binding of melanotropic
hormones to the melanocortin receptor MCIR on
human melanocytes stimulates proliferation and
melanogenesis. Endocrinol 1996;137:1627-1633.

21.Mada P, Nowack B, Cady B, Joel Chandranesan AS.
Disseminated cryptococcosis in an immunocompetent
patient. BMJ Case Rep 2017;2017:bcr2016218461.

22.Romani R, Niemeld M, Celik O, et al. Ectopic
recurrence of craniopharyngioma along the surgical
route: case report and literature review. Acta Neurochir
(Wien) 2010;152:297-302.

23. Thompson LD, Seethala RR, Miiller S. Ectopic
sphenoid sinus pituitary adenoma (ESSPA) with
normal anterior pituitary gland: a clinicopathologic and
immunophenotypic study of 32 cases with a
comprehensive review of the english literature. Head
Neck Pathol 2012;6:75-100.

24, Perez-Rivas LG, Theodoropoulou M, Puar TH, et al.
Somatic USP8 mutations are frequent events in

corticotroph tumor progression causing Nelson’s tumor.

Eur J Endocrinol 2017;178: 57-63.

25.Graffeo CS, Perry A, Carlstrom LP, et al.
Characterizing and predicting the Nelson-Salassa
syndrome. J Neurosurg 2018;127:1277-1287.

26.Gao R, Isoda H, Tanaka T, et al. Dynamic gadolinium-
enhanced MR imaging of pituitary adenomas:
usefulness of sequential sagittal and coronal plane
images. Eur J Radiol 2001;39:139-146.

27.Kasperlik-Zatuska ~ AA. Nelson's syndrome:
physiopathology, management and prognosis. Expert
Rev Endocrinol Metab 2010;5:291-296.

28.McErlean A, Panicek DM, Zabor EC, et al. Intra- and
Interobserver Variability in CT Measurements in
Oncology. Radiology. 2013;269(2):451-459.
doi:10.1148/radiol.13122665.

29.Kelly PA, Samandouras G, Grossman AB, Afshar F,
Besser GM, Jenkins PJ. Neurosurgical treatment of
Nelson's syndrome. J Clin Endocrinol Metab
2002;87:5465-54609.

30.Monserrate AE & De Jesus O. Nelson Syndrome.
PubMed; StatPearls Publishing 2021.
https://www.ncbi.nlm.nih.gov/books/NBK 560755/

31.Ceccato F, Scaroni C, Boscaro M. Clinical use of
pasireotide for Cushing's disease in adults. Ther Clin
Risk Manag 2015;11:425-434.

32.Kelly DF. Transsphenoidal surgery for Cushing’s
disease: a review of success rates, remission predictors,
management of failed surgery, and Nelson’s Syndrome.
Neurosurg Focus 2007;23:E5

33.Cordeiro D, Xu Z, Li CE, Iorio-Morin C, Mathieu D,
Sisterson ND, et al. Gamma Knife radiosurgery for the
treatment of Nelson’s syndrome: a multicenter,
international study. J Neurosurg 2019;133:336-341.

34.Zielinski G, Witek P, Maksymowicz M. Wyniki

leczenia neurochirurgicznego gruczolakow
kortykotropowych przysadki w zespole Nelsona —
putapki terapeutyczne. Endokrynol Polska

2015;66:504-513.

35. Wilson PJ, Williams JR, Smee RI. Nelson’s syndrome:
Single centre experience using the linear accelerator
(LINAC) for stereotactic radiosurgery and fractionated
stereotactic ~ radiotherapy. J  Clin  Neurosci
2014;21:1520-1524.

36.Losa M, Detomas M, Bailo M, et al. Gamma knife
radiosurgery in patients with Nelson’s syndrome. J
Endocrin Invest 2021;44:2243-2251.

37.Daniel E, Debono M, Caunt S, et al. A prospective
longitudinal study of Pasireotide in Nelson’s syndrome.
Pituitary 2018;21:247-255.

38.He X, Spencer-Segal JL. Rapid response of Nelson’s
syndrome to pasireotide in radiotherapy-naive patient.
Clin Diabetes Endocrinol 2020;6:22.

39.Katznelson L. Sustained Improvements in Plasma
ACTH and Clinical Status in a Patient With Nelson’s
Syndrome Treated With Pasireotide LAR, a
Multireceptor Somatostatin Analog. J Clin Endocrinol
Metab 2013;98:1803-7.

40.Pivonello R, Faggiano A, Di Salle F, Filippella M,
Lombardi G, Colao A. Complete remission of Nelson's
syndrome after 1-year treatment with cabergoline. J
Endocrinol Invest 1999;22:860-865.

41.Kurowska M, Nowakowski A, Zielinski G, et al.
Temozolomide-Induced  Shrinkage of Invasive
Pituitary Adenoma in Patient with Nelson’s Syndrome:
A Case Report and Review of the Literature. Case Rep
Endocrinol 2015;2015:623092.

42.Mirallas O, Filippi-Arriaga F, Hernandez Hernandez I,
et al. Aggressive Pituitary Macroadenoma Treated with
Capecitabine and Temozolomide Chemotherapy
Combination in a Patient with Nelson's Syndrome: A
Case Report. Front Endocrinol (Lausanne) 2021;
12:731631

43. Carlstrom LP, Graffeo CS, Perry A, Stokken JK, Van
Gompel JJ. Nelson-Salassa Syndrome Progressing to
Pituitary Carcinoma: A Case Report and Review of the
Literature. Cureus 2019;11:¢5595.

237



238



