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surgical success
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Recurrences



1. to resect the tumor
2. to control hypercortisolism and restore 

HPA activity
3. to preserve pituitary function
4. to prevent recurrences

• surgical specimen
• guide for therapy



• Patients with Cushing’s disease generally 
present with hypercortisolemia symptoms due 
to ACTH hypersecretion from the adenoma. 

• Rather, symptoms attributable to pituitary 
adenoma size, such as headache or optic 
chiasm compression, are rare.



CD tumors are different compared to other 
pituitary tumors

Hoffman  BM et al, J Neurosurg 2008



ACTH-sec. micro- and macroadenomas at MRI 
(surveys on >100 cases)
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Preoperative adenoma finding rates by MRI

Ludecke DK et al, J Neuro-Oncol 2001
Lonser RR et al, J Neurosurg 2017

Preoperative adenoma identification on MR imaging is associated 
with 18-fold higher odds of finding the adenoma at surgery and 4-

fold higher chance of postresection biochemical remission



MRI measurement within 2 mm of the
tumor size at surgery in most cases

There is an overall tendency to underestimate tumor size on MRI, 
probably related to the resection of the pseudocapsule.

Jagannathan J et al, J Neurosurg 2009



Size of adenomas at surgery in adult and 
pediatric patients with positive/negative MRI

Jagannthan J et al, J Neurosurg 2009
Lonser RR et al, JCEM 2013





Remission rate is lower in macroadenoma than
microadenoma

Hoffman BM et al, J Neurosurg 2008
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Surgical experience and Cushing’s disease

Hoffman  BM et al, J Neurosurg 2008



The predictive role for early remission vs late 
remission on definitive outcome
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Remission and recurrence after surgical tumor
resection



How to assess long-term remission of CD after 
TTS

• Non-provocative tests: 

– morning cortisol on Day 1-3 or day 5-10  (cutoff <5, <2, 
<1 mcg/L);

– Late night serum cortisol; 

– Late night salivary cortisol; 

– ACTH (<5 pg/mL); 

– UFC (<20 mcg/24 h)

• Provocative tests: 

– overnight LDDST and CRH test.



Early postoperative predictors of sustained
remission (N=418)

Lindsay JR et al, J Clin Endocrinol Metab 2011

CRH test

Morning cortisol
• Cortisol <5 μg/dl predicts 

remission

• Cortisol <1-2 μg/dl is highly 
predictive for sustained remission

• Fewer patients achieved a cortisol 
nadir <2 µg/dl (87%) than <5 µg/dl 
(98%)

• Recurrence rates were similar if:

– <1 µg/dl: 7.5%

– <2 µg/dl: 9.5%

– <5 µg/dl: 10.4%



Late surgical remission, defined by cortisol 
concentrations <5 μg/dL (N=346)

3,7 μg/dL

14,8 μg/dL
13,3 μg/dL

early remission
(n=195)

late remission
(n=35)

no remission
(n=27)

Lambert JK et al, J Clin Endocronol Metab 2013



Delayed remission after TSS in CD patients

620 pts

↑ 174

↑148 (-26)

+26

(↓9) (↔17)

446

(↓327) (↔119)

↓ 335 (+9)

↔ 110

Criteria for recurrence, 2 among:
1) Morning cortisol;
2) UFC
3) ODST <5  mcg/dl
4) LDDST+CRH

Time for delayed decrease:
median 9 d; range 4–180 d

Overall
late 

remission
5.6%

Valassi E et al, Clin Endocrinol Metab 2010



Amlashi FG et al J Clin Endocrinol Metab. 2015

Late-night salivary cortisol for remission and 
recurrence in Cushing's disease (N=224)

>12 mos recurrence 

<3 mos remission 

Remission with LNSC: 
94% sensitivity; 80% specificity 

Remission with UFC or cortisol: 
95% sensitivity; 80% specificity 

Recurrence with LNSC:
75% sensitivity and 95% specificity

Recurrence with UFC: 
68% sensitivity; 100% specificity 

LNSC
1.9 nmol/L

UFC
6.4 mcg/24h 

Cortisol
8.2 mcg/dL

LNSC
7.4 nmol/l

UFC
1.6x ULN

Remission in 89% 
of 89 pts with 

LNSC data



Factors influencing incomplete
tumor removal

Removal of incidental adenomas rather than the corticotroph 
tumor(s) 

Mistakenly assuming an adenoma was found, resulting in the 
removal of a site that appears abnormal at surgery, but that 
proves to be normal gland on histological inspection; 

Incomplete removal of an ACTH-secreting adenoma contained 
within the pituitary;

Invasive ACTH-secreting adenoma that was not recognized or 
incompletely removed at surgery can result in lack of 
biochemical remission

R. R. Lonser, L. Nieman, and E. H. Oldfield. J Neurosurg 2017



significantly higher 
cortisol

significantly higher 
ACTH

Woo SY et al, J Clin Endocrinol Metab 2005

relative resistance to 
dexamethasone

Macroadenoma as one end of a spectrum of 
tumor autonomy

Macro micro Macro micro Macro micro

“These tumors have a distinct profile compared with microadenomas”



Surgical outcome of macroadenomas is related
to hormones and anatomy

“…reduced ACTH bioactivity, impaired 
sensitivity to CRH, insensitivity to 
dexamethasone, growth and invasiveness 
of the tumor could be an index of a low 
degree of differentiation and could 
explain a poor prognosis”.
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Residual tumor is a highly possible reason for 
relapses

• Most relapses can be 
attributable to microscopic 
residual left at the adenoma 
margin or unrecognized 
microscopic dural invasion 
along the wall of the 
cavernous sinus (initially 
unrecognized. 
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De Tommasi C et al J Neurosurg 2005Dalla Piazza RF et al Pituitary 2015



Grade Invasion n
Initial remission

no. (%)
Persistent

disease no. (%)

Grade I Micro, IS 140 121 (86) 19 (14)

Grade II Macro, IS 52 43 (83) 9 (17)

Grade III Sellar perforation 8 5 (63) 3 (38)

Grade IV Sellar destruction 0 0 0

Grade V Metastases 0 0 0

Tumor grade: relationship of adenoma to sella
and sphenoid sinuses (n=289)

Hammer G et al, J Clin endocrinol Metab 2004



Distribution (%) of ACTH-secreting adenomas 
by size and invasion criteria (N=472)
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macroadenomas

Ludecke DK et al, J Neuro-Oncol 2001
Lonser RR et al, J Neurosurg 2012

Only 22% of cavernous sinus wall 
invasion cases in CD are accurately 
detected by MR imaging



Correlation of surgical results with 
histopathological findings (N=369)

Hofmann BM et al, J neurosurg 2008

11
10

0

2

4

6

8

10

12

14

16

MRI+ MRI-

Chandler WF et al, Neurosurgery 2016

N. PTS



Factors associated with remission and 
recurrence (N=131)

Alexandraki KI et al, Eur J Endocrinol 2013



Recurrence rate in patients treated by TTS: the 
atypical behavior of ACTH-sec. adenomas

Roefsema F et al, Pituitary 2012



Recurrence rate is not significantly influenced
by the type of postsurgical assessment
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Recurrence data in 215 microadenomas (UFC)
(follow-up 0.5-13.8 yrs)



Long-term remission and recurrence rates after 
first and second TTS for CD (N=120)

• Recurrence rate after 
successful second TSS was 40% 
(40% of micro, 75% of macro 
and 17% of no visible 
adenoma). 

• Time to recurrence after 
second TSS was shorter than 
after first TTS.

• Neither postoperative 
hypocortisolism nor its longer 
duration prevented patients 
from disease recurrence.

Dimopoulou C et al, Eur J Endocrinol 2014





Degree of proliferative activity differs between 
micro- and macroadenomas in CD

Katznelson L et al. J Clin Endocrinol Metab 1998 Losa M et al. Am J Pathol 2000
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Minichromosome
maintenance 7 

(MCM7), a marker 
of aggressiveness

Coli A, et al. Eur J Endocrinol 2016



Mutations in ubiquitin-specific protease 
(UBS)-8 gene in patients with CD

Reincke M et al , Nat Genet 2015
Perez-Rivas LG et al, J Clin Endocrinol Metab 2015



Clinical outcomes of surgery for ACTH-sec 
pituitary adenoma



The incidence of new hypopituitarism after 
single TTS is increased in ACTH-sec. tumors

Roefsema F et al, Pituitary 2012



Complications of microsurgery for ACTH-sec 
pituitary adenomas
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Correlation with 
surgical experience

r p

Hypopit -0.29 ns

Diabetes insipidus -0.54 <0.05

CSF leak -0.74 <0.001

Meningitis -0.54 <0.05

CV complications -0.51 ns



Overall complications 5.9% (25/426)

Mortality 3 (0.7%) including:
1: overweight, ARDS, 
1: meningitis 
1: stress-induced GI bleeding

Mesenteric infarction 2 (0.4%)

Rhinorrhea requiring operation 2 (0.5%)

Meningitis 3 (0.7%) 

Transient oculomotor nerve palsy 1 (0.2%) 

Additional insufficiencies of >1 
anterior pituitary lobe hormones

4 (0.9%) 

Diabetes insipidus 4 (0.9%)

Deep venous thrombosis 8 (1.8%)



Complications differ in MRI+ and MRI-
ACTH-sec. tumors (N=230)

Cebula H et al, Acta Neurochir 2017



Risk of complications from repeat TSS

In case of tumor remnant, the first 
step is a thorough re-exploration of 
the original resection site.

The higher incidence of postop 
complications after repeat TTS is the 
more aggressive approach, i.e.  
hemihypophysectomy and total 
hypophysectomy. 

Postoperative panhypopituitarism
are as high as 45% after 
hypophysectomy and 0–5% after 
repeat selective adenomectomy.

Friedman RB et al, J Neurosurg 1989
Benveniste RJ et al, J Neurosur 2005

Geer EB, Pituitary 2014



Conclusions

Trans-sphenoidal surgery is an effective, definitive 
treatment for Cushing’s disease. 

There are differences between MRI+ or MRI- micro and 
macroadenomas in terms of outcome and relapse.

Molecular factors could play a role in invasiveness and 
relapse. 

Not all patients achieve remission, some experience 
relapse after variable time from apparent remission. 

Remission criteria require disambiguity (loose link 
between tumor surgery, rate of remission and risk of 
relapse).


