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ABSTRACT

Nelson’s syndrome is a potentially severe complication of bilateral adrenalec-
tomy performed in the treatment of Cushing’s disease, and its management
remains difficult. Of all of the features of Nelson’s syndrome, the one that
causes most concern is the development of a locally aggressive pituitary
tumour, which, unusually for pituitary disease, may occasionally cause death
from the tumour itself. This feature is especially pertinent given the increasing
use in Cushing’s disease of laparoscopic bilateral adrenal surgery as a highly
effective treatment modality to control cortisol-excess. Despite numerous
studies and reports, there is no formal consensus of what defines Nelson’s
syndrome. Thus, some will define Nelson’s syndrome according to the classi-
cal description with an evolving pituitary mass after bilateral adrenalectomy,
whereas others will rely on increasing plasma ACTH levels, even in the
absence of a clear pituitary mass lesion on MRI. These factors need to be
borne in mind when considering the reports of Nelson’s syndrome, as there is
great heterogeneity, and it is likely that overall the modern ‘Nelson’s syn-
drome’ represents a different disease entity from that of the last century. In
the present paper, clinical and epidemiological features of Nelson’s syn-
drome, as well as its treatment modalities, are reviewed. (Arq Bras
Endocrinol Metab 2007;51/8:1392-1396)
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RESUMO

Síndrome de Nelson.
A síndrome de Nelson (SN) é uma complicação potencialmente grave da
adrenalectomia bilateral realizada para o tratamento da doença de Cushing e seu
manejo permanece difícil. De todas as manifestações da SN, aquela que causa
maior preocupação é o desenvolvimento de um tumor hipofisário localmente
agressivo, que pode (pouco usualmente para a doença hipofisária)
ocasionalmente causar a morte pelo próprio tumor. Este achado é especialmente
pertinente, dado o uso cada vez mais freqüente na doença de Cushing, da
adrenalectomia bilateral por via laparoscópica, uma modalidade terapêutica
altamente efetiva para o controle do excesso de cortisol. Apesar de numerosos
estudos e publicações, não existe um consenso formal sobre a definição da SN.
Assim, alguns irão definir a SN de acordo com a descrição clássica, como uma
massa hipofisária que evolui após a adrenalectomia bilateral, enquanto outros
irão se basear nos níveis crescentes dos níveis de ACTH plasmático, mesmo na
ausência de uma lesão ou massa hipofisária nitidamente visível à RM. Esses
fatores precisam ser relembrados quando se avaliam as publicações sobre SN,
na medida em que existe grande heterogeneidade, e é provável que no geral a
“SN moderna” represente uma entidade patológica diferente daquela do século
passado. Neste artigo, revisaremos achados clínicos e epidemiológicos da SN e
também suas modalidades terapêuticas. (Arq Bras Endocrinol Metab
2007;51/8:1392-1396)
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HISTORY AND DEFINITION

NELSON AND COLLEAGUES made the original des-
cription of a pituitary macroadenoma and high

plasma ACTH, in a patient with Cushing’s syndrome
who had undergone bilateral adrenalectomy, in 1958
(1). Since that time there have been numerous similar
case reports and series (2-8). Nelson’s syndrome
remains one of the major worries facing clinicians
when considering managing patients with Cushing’s
disease by bilateral adrenalectomy. Of all of the fea-
tures of Nelson’s syndrome, the one that causes most
concern is the development of a locally aggressive pitu-
itary tumour, which, unusually for pituitary disease,
may occasionally cause death from the tumour itself.
This feature is especially pertinent given the increasing
use in Cushing’s disease of laparoscopic bilateral
adrenal surgery as a highly effective treatment modali-
ty to control cortisol-excess (9,10).

Despite numerous studies and reports, there is
no formal consensus of what defines Nelson’s syn-
drome. This is especially true in recent years since
imaging with MRI allows precise documentation of
any tumour progression, whereas historically
patients presented with masses large enough to be
found with CT, simple sella tomography, or with
neuro-opthalmic complications (11). Moreover,
widespread access to reliable plasma ACTH assays
has greatly facilitated monitoring of patients. Thus,
some will define Nelson’s syndrome according to
the classical description with an evolving pituitary
mass, whereas others will rely on increasing plasma
ACTH levels, even in the absence of a clear pituitary
mass lesion on MRI (12). These factors need to be
borne in mind when considering the reports of Nel-
son’s syndrome, as there is great heterogeneity, and
it is likely that overall the modern ‘Nelson’s syn-
drome’ represents a different disease entity from that
of the last century.

INCIDENCE AND NATURAL HISTORY

The reported incidence of Nelson’s syndrome after
bilateral adrenalectomy for Cushing’s disease is 8–38%
(11). This wide variation in incidence is as likely to be
due to differences in definition as much as bias of case
mix in different centres. There is also great variation in
the latency of onset from adrenalectomy to the diag-
nosis of Nelson’s syndrome, ranging from a few
months to 24 years, or more, emphasising the need for
careful life-long follow-up (10,11).

PATHOPHYSIOLOGY

Despite increased knowledge of the pathophysiology
of corticotroph tumours, little is known of the pathol-
ogy of the corticotroph tumours that progress to Nel-
son’s syndrome (13). It is unclear whether the adrena-
lectomy and the lowering of the cortisol feedback at
the pituitary itself stimulates tumour growth, or
whether Nelson’s syndrome develops in tumours that
were programmed to behave in an aggressive fashion
from the outset. Given that not all patients with Cush-
ing’s disease develop Nelson’s syndrome following
bilateral adrenalectomy, the reduced feedback from
adrenal cortisol secretion cannot be the only factor,
and indeed it is likely that the tumours that show pro-
gression with clinical consequence are a sub-set with
an aggressive phenotype.

CLINICAL FEATURES

Patients may present with the physical and hormonal
consequences of an expanding pituitary mass and, or,
the effects of ACTH hyper-secretion. Mass effects
include compression of the optic apparatus and visual
field defects, headache, external ophthalmoplegias,
and hypopituitarism (11). Deep cutaneous pigmenta-
tion is frequently present, and is due to ACTH stimu-
lation of the melanocortin 1 receptors on melanocytes
in the skin. Pigmentation is generalised, but may also
occur in cutaneous scars and sites of abrasion, and in
the buccal mucosa and tongue.

PREDICTIVE FEATURES

Given the concern over the onset of Nelson’s syn-
drome after adrenalectomy, numerous studies have
attempted to identify factors that predict its onset. The
presence of tumour either at surgery or on imaging has
been shown to predict onset, especially if there are
aggressive characteristics or macroadenoma (7,12).
Young age at the time of adrenalectomy has been sug-
gested to be predictive in some studies (14-17), but
this is not a uniform finding in all (11). The duration
of Cushing’s disease is predictive in some series (18),
but again not in all. One area that has attracted con-
siderable interest is whether pituitary radiotherapy
either diminishes the chance of developing Nelson’s
syndrome, or at least delays its onset: it has not been
found to be of benefit in several series (6,7,16), where-
as other data suggest that prophylactic pituitary radio-
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therapy at the time of adrenalectomy reduces the risk
of progression to Nelson’s syndrome (12). Some of
the difficulty in establishing the influence of these var-
ious factors is the heterogeneity of the series in ques-
tion, not least of which because of the wide time-frame
over which they have been variously reported, and the
improvements in recent years in pituitary imaging.

More recently, some of these areas of contro-
versy have been addressed by a modern, large and
carefully reported series from Cochin Hospital, Paris,
France (19). In this single centre series 53 patients
treated by bilateral adrenalectomy for Cushing’s dis-
ease were followed. All patients were assessed on fol-
low up after adrenalectomy by clinical assessment,
pituitary MRI and plasma ACTH. In contrast to other
reports, any corticotroph tumour progression, as
determined by pituitary MRI, was reported. The inde-
pendent factors that predicted progression of corti-
cotroph tumours included short duration of Cushing’s
disease and a high plasma ACTH, measured at 0800h,
20h after the last dose of glucocorticoid. In the year
following adrenalectomy an absolute increment of 100
pg/ml (22 pmol/l) was predictive of progression of
the corticotroph tumour. Pituitary tumour on MRI at
the time of adrenalectomy was also a factor predicting
progression, but this was not an independent variable
when these other two variables are taken into account.
Interestingly, with a median follow up of 4.6 years
(maximum follow up of 13.5 years) there was evidence
of tumour progression on MRI in 50% of the patients
followed, but in only one patient was there a compli-
cation related to the pituitary tumour itself: a short-
lived oculomotor nerve palsy. These are important
data as they indicate that whilst corticotroph tumour
progression on MRI is common, the clinical conse-
quence of this appears to be less worrisome than in
some older series, at least with this duration of follow-
up. An even longer-term follow up of these data are
needed to give further reassurance.

MONITORING

Whilst the latency of onset from the time of bilateral
adrenalectomy to pituitary tumour progression is usu-
ally within 3 years (19), progression may occur much
later, and it is crucial to continue to carefully assess for
tumour progression life-long. Whilst no formal guide-
lines can be set out, it is reasonable to perform pitu-
itary MRI scans before adrenalectomy and then 6–12
months after adrenalectomy, and then yearly. As indi-
cated above measurement of plasma ACTH is essential

in monitoring. As indicated above this may be done by
measurement of the 0800h plasma ACTH, 20h after
the last dose of glucocorticoid and before the morning
dose of glucocorticoid, with an increment in the value
compared to a previous value of 100 pg/ml being sig-
nificant (19). A potential drawback of this type of
monitoring is that high plasma ACTH levels are found
in patients with primary adrenal insufficiency without
pituitary pathology. In patients with Addison’s disease
plasma ACTH measured before morning glucocorti-
coid is frequently very elevated, but this suppresses
rapidly 120 minutes after morning glucocorticoid
(20,21). In contrast, those with Nelson’s syndrome
fail to show incomplete suppression, and a cut-point of
200 pg/ml appears to be useful to define Nelson’s
syndrome (12). Thus, since the patient is attending for
assessment anyway, measurement of plasma ACTH at
0800h, 20h after the last dose of glucocorticoid and
before that morning’s dose and then 120 minutes after
the morning glucocorticoid may give more consistent
results when monitoring for Nelson’s syndrome: an
increment in the pre-morning glucocorticoid plasma
ACTH of 100 pg/ml compared to a previous mea-
surement, or failure to suppress plasma ACTH to less
than 200 pg/ml 2 hours after morning glucocorticoid
should prompt further assessment with imaging. Such
an assessment can be performed, if needed, on a more
frequent basis than pituitary MRI.

Treatment

Observation
If there is MRI evidence of limited tumour progression
but with no anatomical compromise, observation and
repeat imaging (3–6 months) is an acceptable strategy.

Surgical
Pituitary surgery may be performed for corticotroph
tumour progression if the anatomy is favourable for
such an approach (22,23). Given that the risk is of fur-
ther tumour expansion an attempt at complete
hypophysectomy has been recommended, and is asso-
ciated with a good long-term control of local tumour
growth and lowering of plasma ACTH levels, but at a
cost of increased hypopituitarism, including diabetes
insipidus (22). Despite pituitary surgery some patients
will have further progression alternative or adjuvant
therapy is indicated (22,23).

Radiotherapy
The use of fractionated external radiotherapy is well
documented in the treatment of established Nelson’s
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syndrome (24). Over time radiotherapy lowers plasma
ACTH levels, but is associated with increases in long-
term hypopituitarism. Whilst radiotherapy may control
tumour growth in many instances, some tumours may
continue to expand. More recently, large series treated
by stereotactic radiotherapy, delivered by the gamma
knife have been reported (25-27). In cases of a clear
anatomical target this too is an effective modality of
therapy, and may also be used after fractionated radio-
therapy, as long as the dose to the optic apparatus can
be kept within safe limits.

Medical
There has been a long interest in medical therapy to
attempt to control plasma ACTH and tumour growth.
Unfortunately, apart from isolated case reports there is
no medical therapy that has been shown to consistent-
ly achieve these goals. Disappointing or variable results
have been seen with sodium valproate (28-33), and
currently licensed somatostatin analogues (34-37),
although the multi-ligand analogue SOM230
(pasireotide) may prove of benefit (38). There are only
occasional responses found with dopamine agonists
such as cabergoline (39-42). Recent interest has
focused on the use of PPAR gamma agonists in Nel-
son’s syndrome. One report showed that two out of
three patients responded to rosiglitazone with lower-
ing of plasma ACTH levels, but one of these subse-
quently escaped (43). Rosiglitazone at maximum
licensed doses has not been found to be effective (44).
We have shown recently that even higher than licensed
doses of rosiglitazone (12 mg/day) are not effective in
reducing plasma ACTH levels, and by inference
tumour growth (45) (figure 1). The orally active alky-
lating agent temozolomide has been shown to be
highly effective in a few aggressive pituitary tumours
and in lowering prolactin and controlling tumour
growth in highly aggressive prolactinomas (46-48).
Although there are no reports of its use in Nelson’s
syndrome, temozolomide could be considered in
patients with Nelson’s syndrome not responding to
other modalities of therapy. One major drawback of
this agent is high cost.

CONCLUSIONS

Progression of corticotroph tumours, as detected by
MRI, can be expected in up to half of patients under-
going bilateral adrenalectomy for Cushing’s disease.
Whilst this is a worrying statistic, and Nelson’s syn-
drome should not be underestimated, with modern

follow-up including careful pituitary MRI and plasma
ACTH, the actual numbers of patients that come to
harm appears to be low. Thus, the risks associated with
Nelson’s syndrome need to be balanced against the
risk of uncontrolled Cushing’s disease, and in many
cases may be acceptable. This is likely to be especially
true if the duration of Cushing’s syndrome is relative-
ly long and no tumour is visible on pituitary MRI
before adrenalectomy.
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