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Bilateral adrenalectomy for Cushing’s syndrome
JAMA 1953 Oct 10;153(6):567

• 701 references on Bilateral adrenalectomy over the last 60 years
(12/year)

Over the last 5 years
• 2400 references for any kind of anticortisolic drug (480/year)

• 90 references on Transsphenoidal surgery
• 63 references on radiation techniques

• 60 references on bilateral adrenalectomy



ACTH-DEPENDENT CUSHING’S 
SYNDROME



Biller, JCEM, 2008
Bertagna, JCEM, 2013

Should bilateral
adrenalectomy be

only considered as a 
last-line treatment ?



Ritzel, JCEM 2013

21% PATIENTS WITH BILATERAL ADRENALECTOMY



Sippel, Surgery, 2008

60 patients with adrenalectomy
28 bilateral

SYMPTOMS REMISSION IN 7-18 MONTHS



Oswald, EJE, 2014

CUSHING COMPLICATIONS REMISSION



Thompson, Ann Surg, 2007
Oswald, EJE, 2014

39 patients

IMPROVED QUALITY OF LIFE IN 30-50% CASES



A LOW RISK OF SIDE EFFECTS IN EXPERIENCED HANDS ? 

• Morbidity: 6-31%
• Mortality: 0-15%

• In Cushing’s disease: median < 1%
• « Recurrence »: 1-10%
• Thrombo-embolic events: 5/1000 patients-year

(Place of anticortisolic presurgical treatment ?)

Valassi, ClinEndo, 2012 Assie, JCEM, 2007

Nelson’s syndrome

Incidence: 0-47% cases, median 21%

Main predictive factor:
Rate of ACTH increase
in the 1st year following
surgery



Hahner, JCEM, 2015

423 patients educated for adrenal insufficiency

221 primary AI 202 secondary AI

Prospective follow-up for 2 years

0.5 Adrenal crisis related death per 100 patients-year

8.3 adrenal crises per 100 patients-year

UNDERESTIMATED RISK OF ADRENAL CRISIS ?



BILATERAL ADRENALECTOMY IN FEW WORDS

• Effective
• Relatively rapidly acting
• Low mortality
• The risk of Nelson’s syndrome: probably not a major issue in the 

21st century
• The risk of adrenal crisis: education to be kept on again and again

WHY NOT USING BILATERAL ADRENALECTOMY MORE FREQUENTLY ?

Mean time diagnosis-bilateral adrenalectomy: 1.8-6 years



WHAT ARE THE THEORETICAL INDICATIONS OF 
BILATERAL ADRENALECTOMY IN ACTH DEPENDENT 

CUSHING’S SYNDROME ?

Severe Cushing’s
syndrome as a 

salvage therapy

Failed
surgery/radiatio

n technique
Normal 

pituitary MRI

Or recurrence with normal MRI
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Corcuff, EJE, 2015; Kamenicky, JCEM, 2011

Ketoconazole/Metyrapone
• 14 patients with EAS
• End of 1st week

Median UFC: 40 to 3.2 (EAS)
• End of 1st month

UFC values normal in 73%
• Good tolerance

Ketoconazole/Metyrapone/Mitotane
• 4 patients with CD/EAS
• Major UFC decrease between d1 

and d3

ASSOCIATION OF ANTICORTISOLIC DRUGS AS A 
SALVAGE THERAPY



7 PATIENTS 
Doses: 600 - 1200 mg/d

Clinical improvement 75%
Psychiatric improvement 100%

Worsening of Hypokaliemia 20%
Adrenal Insufficiency 20%

CASTINETTI F. et al. Eur. J. Endocrinol. 2009, 160(6):1003-10.

Very fast onset of action 
(48 hours)

MIFEPRISTONE AS A SALVAGE THERAPY



Preda, EJE, 2012

• 12 case reports of patients with Cushing’s disease
• Intensive Care Unit

ETOMIDATE AS A SALVAGE THERAPY
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BALANCING THE RISKS AND BENEFITS OF 
TRANSSPHENOIDAL SURGERY AND THE SIDE EFFECTS 

OF BILATERAL ADRENALECTOMY

YES NO

Bochichio D et al. 1995 Salenave S et al. 2004

Barrou Z et al. 1997 Testa RM et al. 2007

Rees DA et al. 2002 Jehle et al. 2008

Rollin G et al. 2007 Hofmann BM et al. 2008

Witek et al. 2012 Alwani RA et al. 2010

Yamada et al. 2012 Sun et al. 2012

Starke et al. 2013

Pituitary MRI 
modifies the rate of 
side effects

Pituitary MRI 
modifies the 
efficacy of 
transsphenoidal 
surgery

REMISSION RATE: 65-98% / RECURRENCE RATE: 2-30%
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employed to treat small lesions, which are usually less 

hypersecretory than the larger lesions typically treated 

by conventional fractionated radiotherapy. As the time 

to normalization of secretion is correlated with initial 

hormone levels, the apparently faster rate of normaliza-

tion observed with radiosurgery might be due to a bias 

induced by the type of adenomas treated with these 

two techniques.

Adverse effects

A drawback of radiotherapy is the risk of adverse effects, 

which include, but are not limited to, hypo pituitarism 

(>80% of treated cases),48,53 radiation-induced cere-

bral tumors, cerebral infarction and cognitive dys func-

tions.54–58 With the exception of hypopituitarism, these 

adverse effects were not described in patients treated 

with stereo tactic radiosurgery. These effects, how ever, 

occurred after a mean time of 10–20 years and most 

of the studies on stereotactic radiosurgery have shorter  

follow-up times.

Stereotactic fractionated radiotherapy

A radiotherapy procedure that is based on stereo tactic 

definition of the target and dose fractionation (stereo-

tactic conformal radiotherapy) has also been used to 

treat pituitary tumors. This procedure is, however, diffi-

cult to evaluate owing to the lack of sufficient long-term 

follow-up data.6

Remission rate and antitumoral effect

Colin et al.59 reported a 42% rate of hypersecretion 

control after a minimum follow-up of 48 months in 47 

patients treated for a secreting pituitary adenoma by 

stereo tactic fractionated radiotherapy. This rate is similar 

to that observed with radiosurgery, but will need to be 

confirmed in more long-term follow-up studies. Minniti 

et al.60 reported three recurrences in 25 patients treated 

for secreting adenomas with this technique (5 months, 

1 year and 9 years after the procedure). In the eight 

studies that have evaluated the outcome of stereotactic 

fractionated radiotherapy, tumor volume control seemed 

similar to that observed with conventional radiotherapy 

and Gamma Knife® radiosurgery.6

Adverse effects

The rate of adverse effects (mainly hypopituitarism) of 

stereotactic fractionated radiotherapy was reported to be 

identical to the one observed with Gamma Knife® radio-

surgery, of 20–30%.6 These data, however, must be taken 

with caution, as six of the eight studies published on this 

technique had a follow-up <48 months. As radiotherapy-

induced hypopituitarism often occurs late after the pro-

cedure, studies with a longer follow-up will be necessary 

to confirm the innocuity of stereotactic fractionated 

radiotherapy, particularly if the aim is to compare it with 

ra diosurgery and conventional fractionated radiotherapy.

Treatment  of pituitary adenomas
Treatment of pituitary adenomas is currently mainly 

based on trans-sphenoidal surgery as a first-line treatment  

and/or medical treatments. Radiation techniques are 

less frequently used, probably owing to early studies 

on conventional fractionated  radiotherapy reporting 

a high rate of long-term adverse effects. Until the past 

few years, the lack of data on long-term effects of radio-

surgery led physicians to think that this specific radi-

ation technique might have the same long-term adverse 

effects, mainly in terms of hypo pituitarism. The results 

of long-term studies discussed in this Review enable 

the reevaluation of the classical therapeutic algorithms 

of pituitary adenomas, which could be modified to 

include radiosurgery.

Cushing disease

Surgery

Remission

Regular follow-up

Regular follow-up

Recurrence

Failure

Yes No

Stereotactic radiosurger y Fractionated
radiotherapy

Anticortisolic drugs
Bilateral

adrenalectomy

Small target volume
Distance to the chiasm

Figure 2 | Current therapeutic algorithm for management 

of Cushing disease.

Prolactinoma

Surgery

RemissionFailure

Yes No

Regular
follow-up

Bad tolerance
Resistance

Stereotactic
radiosurgery

Fractionated
radiotherapy

Small target volume
Distance to the chiasm

Dopamine agonists

Figure 3 | Current therapeutic algorithm for management 

of prolactinomas.
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Castinetti, Nat Rev Endocr, 2009



BALANCING THE RISKS AND BENEFITS OF RADIATION 
TECHNIQUES AND THE SIDE EFFECTS OF BILATERAL 

ADRENALECTOMY

96 patients
Mean f/up 48 months (12-210)
70% remission at last f/up

Recurrence in 15 patients (15,6%)
Mean time: 38 months (5-121)

2ary Tumors

Increased risk of stroke

Cognitive impairment

Hypopituitarism

Optic neuritis

Oculomotor nerve palsy

50-80% remission
Mean time to remission: 24-60 months

Castinetti, JCEM, 2010



51 patients treated > 24 months
(mean: 108 months)

UFC normalized in 33 patients (65%)
UFC decreased > 50% in 12 patients 

Castinetti, JCEM, 2014

Frequency Mean dose (mg/d

Liver enzyme increase 30 (15.8%) 772+/-305

Adrenal insufficiency 10 (5.4%) 700+/-256

BALANCING THE RISKS AND BENEFITS OF LONG-
TERM USE OF KETOCONAZOLE AND THE SIDE 

EFFECTS OF BILATERAL ADRENALECTOMY



THE « LONG-TERM » TREATMENT WITH 
ANTICORTISOLIC DRUGS

Efficacy Long-term specific
side effects

Escape

Ketoconazole 50% - 7%

Metyrapone 83% - Not evaluated

Mifepristone ? Endometrial
hyperplasia

Not evaluated

Mitotane 71% Adrenal
insufficiency ?

Very low if 
threshold obtained

Pasireotide 30% - Not evaluated

Cabergoline 20-40% Valvular disease ? 20%

NO CURE !!!

Castinetti, JCEM, 2014; Newell Price, unpublished; Fleseriu, JCEM, 2012; Baudry, EJE, 2012; 
Colao, NEJM, 2012; Pivonello, JCEM, 2009 



Petersenn, ClinEndo, 2014

THE URINARY FREE CORTISOL ISSUE



Petersenn, ClinEndo, 2014

EUCORTISOLISM 
OR

SUBCLINICAL CUSHING ?

THE URINARY FREE CORTISOL ISSUE
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Indications in the 21st century
• As a salvage therapy: anticortisolic associations possible, to be

kept in mind depending on the possibility of definite cure vs
improving before bilateral adrenalectomy

• In negative MRI: probably no place for bilateral adrenalectomy
• In surgery failure, recurrence or vs radiation techniques: probably

as a second line treatment only after testing anticortisolic drugs,
and being sure that these drugs are not effective



ACTH-INDEPENDENT CUSHING’S 
SYNDROME (BAH)



Caron, Abstract, Progrès en urologie, 2012

10 years: 279 adrenalectomies performed

11 for BAH had unilateral adrenalectomy
All of them had biological Cushing’s syndrome

1 year post-surgery: No failure…
- 4 corticotroph deficiency

- 7 normal glucocorticoid function



Albiger, ClinEndo, 2015

16 patients with bilateral macronodular adrenal hyperplasia and CS
- 10 active Cushing; 5 subclinical Cushing; 1 cyclical Cushing

12 patients with unilateral adrenalectomy

3 in remission
Mean Follow-up: 106 months

1 persistent disease
Controlateral adrenalectomy 6 months later

8 recurrences
Mean Follow-up: 93 months
(Min 24; Max 264 months)

Including 3 with subclinical
still under surveillance



UNI/BILATERAL ADRENALECTOMY IN ACTH 
INDEPENDENT BILATERAL ADRENAL HYPERPLASIA

Unilateral adrenalectomy
• Rapidly acting
• Low mortality
• Requires a prolonged follow-up, as the recurrence is HIGHLY LIKELY 

in the 10 following years after surgery
• Patients can be corticoid dependent for a while

Unanswered questions
- Which adrenal to remove ?

- Size criteria
- Iodocholesterol scintigraphy uptake ?

- Can we predict the outcome ?
- Is there really a place for bilateral adrenalectomy in such patients

as 1st line? Probably not…
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