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Case 1 – October 2008

•
•
•
•

All biochemistry consistent with Cushing’s disease
No history of cyclical disease, MRI – 3mm microadenoma
BIPSS – positive gradient
Transsphenoidal Surgery November 2008 – warned likely to feel
worse for several months if successful

First-line therapy: Transsphenoidal
adenomectomy
First-line therapy for patients with Cushing’s disease
is transsphenoidal adenomectomy to remove the
ACTH-secreting pituitary adenoma

Normalization of cortisol levels
Reversal of clinical features
Treatment
goals

Long-term biochemical control
Removal of tumor mass
Preservation of normal pituitary function
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Questions about pituitary surgery
for Cushing’s disease

• How successful is pituitary surgery for
Cushing’s disease?
• What influences assessment of
remission?
• How is remission defined?
• What is the risk of relapse?

Factors influencing remission rates
• Rates of initial remission and recurrence vary
• Surgical success is influenced by:
–

Experience of the surgeon

–

Size, location and invasiveness of the tumour

–

Age of the patient

• Lack of standardization in assessing patients post-operatively
also leads to variation in remission rates
• Endocrine Society guidelines recommend assessment of:

Surgical success in the
first week post-surgery

Identify those requiring early
re-exploration
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Biochemical remission
There are three main possible outcomes after pituitary surgery:

Success

ACTH −ve

Partial success

ACTH+

Failure

ACTH +++
ACTH −ve

ACTH −ve

No ACTH

No cortisol
Adrenal

Cortisol +
Adrenal

Cortisol +++
Adrenal

Post-operative remission rates and
long-term recurrence rates vary widely
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Remission

In 17 studies published from 1983 to 1999,
remission rates ranged from 46–93%
recurrence rates ranged from 0–28%

Recurrence

Transsphenoidal surgery for
Cushing’s disease
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In 28 studies published from 2001 to 2010,
remission rates ranged from 51–97%
recurrence rates ranged from 2–27%
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Initial remission rate –
Microdenoma 80%
Macroadenoma 50%

Remission
Recurrence

Transsphenoidal surgery for
Cushing’s disease macroadenomas
• 40 patients with macroadenoma
• Mean age at presentation 26.7y
Remission

criterion

number

%

immediate

0800h serum cortisol < 50 nmol/L

4

10%

delayed

0800h serum cortisol < 138 nmol/L or
0800h serum cortisol <50 nmol/L on
LDDST

8

20%

•Relapse 25% at median 13 months (16-42)
Kakade et al Clinical Endocrinology 2014

Tests used to predict remission
of Cushing’s disease
Post-operative assessment

Serum cortisol

•

•

Early hypocortisolemia (low serum
cortisol good indicator of long-term
remission, but relapse still occurs)

•

Eucortisolemia (serum cortisol in lower
normal range – higher rate of relapse)

•

Hypercortisolemia – (delayed
remission in small proportion some 2–
3 months after surgery)

Early morning serum cortisol
–

Immediately post-op

–

1–2 weeks post-op

–

6–12 weeks post-op

•

Early morning plasma ACTH

•

Late-night serum/salivary cortisol

•

Urinary free cortisol

•

Dexamethasone suppression

•

Lack of response to CRH

•

Lack of response to desmopressin

•

Dexamethasone–CRH testing

•

Dexamethasone–desmopressin
testing

•

Metyrapone testing

•

Presence/absence of tumor on MRI

•

Presence/absence of histology

Variety of tests used to determine
remission
Across 45 studies, the serum cortisol test was the most
commonly used*

Proportion of studies
using test (%)
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Using dexamethasone testing
to determine remission
• Dexamethasone suppression testing is a less accurate method
of predicting remission
• In a large European multicenter study of 510 patients with
Cushing’s disease undergoing pituitary surgery, morning cortisol
levels were much more accurate at predicting remission
Proportion of patients
with relapse (%)

14
12
10
8
6
4
2
0

Normal dexamethasone
suppression test

Normal post-operative
morning cortisol
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Assessing the risk of recurrence
and long-term follow-up
• Post-operative serum cortisol:
– <50nmol/L - remission + low likelihood of disease recurrence
– 50-138nmol/L - suggests remission, but patient should be
observed, without treatment, for recurrence
– >138 nmol/L indicate that the patient should be further
evaluated and possibly given further treatment
• Patients should be followed-up long term and their cortisol levels
(serum/saliva/urine) monitored regularly to assess whether they
remain in remission
• Additional treatment should be given if disease recurs
Nieman LK, Biller BM, Findling JW, Murad MH, Newell-Price J, Savage MO, Tabarin A. AJ Clin Endocrinol Metab 2015;Aug;100(8):2807-31

Precautions when using morning serum
cortisol to determine remission
• When using serum cortisol levels, there are several factors to take
into account
– Cyclical nature of Cushing’s disease
– Pre-treatment with cortisol-lowering therapy:
• resolve hypercortisolism, de-repress corticotrophs in
normal pituitary – so measured cortisol not from tumour
– Glucocorticoid use at surgery:
• potentially suppress a few corticotroph tumour cells that
subsequently grow – never true ‘Remission’

Pereira AM, JCEM 2003 88 5858–5864
Valassi – ERCUSYN data
Nieman LK, Biller BM, Findling JW, Murad MH, Newell-Price J, Savage MO, Tabarin A. A JCEM 2015;Aug;100(8):2807-31

Thromboembolic disease in Cushing’s
disease
Cushing disease

Non-functioning adenomas

Stuijver DJF et al. J Clin Endocrinol Metab 2011
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Case 1 progress

• 24 hours hydrocortisone
• Post-operative serum cortisol November 2009
–

37 nmol/L

• Histology – ACTH-positive corticotroph tumor
• Discharged on hydrocortisone 10/10/10 mg for 2 weeks
• Then hydrocortisone 10/5/5 mg

Case 1 progress

Case 1 progress
• April 2009

Serum cortisol – before and
after ACTH stimulation

nmol/L

0 min

283

30 min

414

• Hydrocortisone stopped
• July 2009

Serum cortisol – before and
after ACTH stimulation

nmol/L

0 min

336

30 min

589

Overnight 1-mg DST serum cortisol 45 nmol/L

Case 1 – continued
Oct 2009

Feb 2010

Jul 2010

Feb 2011

54

65

88

125

UFC

Normal

Normal

Normal

1.5xULN

BP, mmHg

114/78

120/76

118/82

114/76

ONDST, nmol/L

May 2011
• Feels slightly weaker, but gym 5 times a week
• No change in physical appearance
• Blood pressure normal
• MRI – 2 mm abnormality

Sheffield peri-operative protocol for
Cushing’s disease

•
•
•
•

NO glucocorticoid cover
Patient on Neurosurgical HDU
Serum cortisol measured 6 hourly via arterial line
Joint management by neurosurgery and endocrinology

• If patient not acutely unwell (usually feels ‘unwell’)
–

If serum cortisol <50nmol/L post op Hydrocortisone commenced

• If patient unwell
–

Serum sample taken and Hydrocortisone commenced
THIS APPROACH ONLY SAFE WITH CAREFUL SUPERVISION

Case 1 – 2nd Pituitary surgery – no
glucocorticoid cover
July 2011
• Has had repeat surgery
– serum cortisol <7 nmol/L
– hydrocortisone for 12 months
• October 2017 – Clinical and biochemical remission,
normal HPA axis

Case 1 summary
After successful TSS for Cushing’s disease
• Gradual reduction in hydrocortisone
• Slightly higher doses used initially
• Once adequate response on stimulation test, need to follow
to exclude relapse
• Careful follow-up required
• Clinical evaluation and serum/salivary/urine cortisol
• Timing of any further intervention needs to be individualized

Longer time on hydrocortisone predicts
greater chance of long term remission
• mean follow up 74 months
patients

Overall
remission

Early remission (serum
cortisol <50 nmol/L)

delayed
remission

Relapse

230

151 (65%)

46%

19.6%

41%

• Longer period of post-operative hypocortisolaemia
(need for glucocorticoid replacement) more likely longterm remission
– 13 months 100% specificity for predicting remission

Bansal et al Endocrine Connections, in press

Case 2 MRI – T1 gadolinium
Coronal

Sagittal

47 year female
Severe Cushing’s disease
Small upper left quadrantic field defect
Transsphenoidal surgery – Saurabh Sinha “..John – great op - got it all out!’

Case 2 MRI post 1st Transsphenoidal
Surgery – no glucocorticoid cover
• April 2012

• Day 1 post op serum cortisol
• Day 3 post op serum cortisol

nmol/L
822
1077

ug/dL
30
20

Repeat surgery – diaphram opened, tumour adherent to optic nerve – removed
Formal repair of diaphram

Results after repeat pituitary surgery –
performed one week after first surgery
Post operative
serum cortisol
Day 1

nmol/L

ug/dL

258

9.5

Day 2

97

3.6

Day 3

42

1.5

Day 4

21

0.8

Initial therapy
• Diabetes insipidus
• Hydrocortisone 10/10/5mg daily
• Thyroxine 100ug/day
• Normal vision

Case 2 - Histology

H&E

Ki67

ACTH

Mitotic figures

Case 2 resolution

•
•
•
•

3 years later – normal HPA axis
Normal ONDST
Signs and symptoms dramatically improved
5 yrs later - no clinical or biochemical
recurrence

Case 3
Post op Serum
cortisol nmol/L
Day 0
1200h
1800h

1217
851

Day 1
0600h
1200h
1800h
2400h

215
363
794
318

Day 2
0600h

736

Subsequent 0900h serum cortisol nmol/L Six weeks later 0900h serum cortisol…….
Day 3
517
Day 4
513
Day 5
374
Biller et al J Clin Endocrinol Metab 2010
Day 6
327
Feb; 95(2): 601–610.

27 nmol/L

Conclusions
• Remission and relapse rates are variable in patients undergoing
transsphenoidal surgery for Cushing’s disease
• Clear failure – consider re-exploration
• Some cases improve over days to weeks – clinical assessment
and patience….
• Recurrence rates increase with time since surgery – overall upto
30%-40% of patients may relapse on long-term follow-up
• Recurrence of Cushing’s disease appear to occur at any time after
initial remission
• Follow-up should therefore be long-term with clinical assessment
and monitoring of cortisol (serum/salivary/urinary) levels

Complication rates in patients with
non-visible adenomas
• Semple & Laws 19991
–

Increased incidence of complications in patients with
macroadenomas (31%; 4/13) or with negative MRIs (22%; 4/18),
than in patients with microadenomas (7%; 5/74)

• Rees et al. 20022
–

Hypopituitarism more common in those with normal/inconclusive
MRI scans (81%; 13/16) than in those with microadenomas (35%; 8/23)

• Salenave et al. 20043
–

No significant difference in overall complication rates in those with
positive (20%; 5/25) and negative (36%; 10/28) MRI findings (P=0.12)
Differences in outcome almost certainly
attributable to more aggressive surgery being
used in patients with negative MRI results, but
negative MRI should not preclude surgery
1. Semple PL & Laws ER Jr. J Neurosurg 1999;91:175–179
2. Rees DA et al. Clin Endocrinol (Oxf) 2002;56:541–551
3. Salenave S et al. J Clin Endocrinol Metab 2004;89:3371–3376

Sheffield data using no steroid cover
for pituitary surgery for Cushing’s disease
• 37 patients
• serum cortisol <50nmol/L first 48 hour
– 22/37 = 60%
– 2/22 recurrence (nadir cortisol – 19 nmol/L)

• Overall remission in long-term including late remission
(after 48 hours)
– 28/37 = 75%
Reinforces the notion that recurrence possible even after
very low post-operative serum cortisol – follow up
remains short for this cohort

