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Summary

 

In the early postoperative period of Cushing’s disease patients,

desmopressin may stimulate ACTH secretion in the remnant

corticotrophic tumour, but not in nontumour suppressed cells.

 

Objective

 

The aim of this study is to evaluate the serum cortisol

responses to desmopressin after pituitary surgery, establishing

an optimal cut-off for absolute increment (

 

Δ

 

) of serum cortisol (

 

F

 

)

suitable to predict recurrence risk.

 

Design

 

Retrospective case record study.

 

Patients

 

Fifty-seven Cushing’s disease patients submitted to pituitary

surgery and desmopressin stimulation in the early postoperative

with a long-term follow-up (20–161 months) were studied.

 

Methods and measurements

 

Serum cortisol levels after desmo-

pressin test (10 

 

μ

 

g IV) 15–30 days after adenomectomy were used

to determine 

 

Δ

 

F

 

 (absolute increment of 

 

F

 

: 

 

F

 

 peak 

 

−

 

 

 

F

 

 baseline).

Sensitivity and specificity of 

 

Δ

 

F

 

 were calculated and a ROC curve

was performed to establish an optimal cut-off for 

 

Δ

 

F

 

 to predict

recurrence risk.

 

Results

 

Fifteen patients had immediate postoperative failure (basal

 

F

 

 > 165 nmol/l; 6 

 

μ

 

g/dl) and one patient was lost during the follow-

up. Forty-one patients achieved initial remission and were followed-

up. Five of 11 patients who recurred had 

 

Δ

 

F

 

 > 193 nmol/l (7 

 

μ

 

g/dl),

but none of 30 patients who remained in prolonged remission

showed 

 

Δ

 

F

 

 > 193 nmol/l after postoperative desmopressin stimulation.

 

Conclusions

 

Persistence of cortisol response (

 

Δ

 

F

 

 > 193 nmol/l) to

desmopressin in the early postoperative period can help to identify

Cushing’s disease patients with initial remission who present risk for

later recurrence.

(Received 29 June 2007; returned for revision 21 July 2007; finally 

 

revised 11 December 2007; accepted 11 December 2007)

 

Introduction

 

Transsphenoidal surgery (TSS) has become the first choice for

the treatment of Cushing’s disease patients.

 

1,2

 

 It is the only form of

treatment that allows removal of an ACTH-producing adenoma

without the need for lifetime replacement therapy.

Selective pituitary adenomectomy produces sustained remission

in about 70%–80% of patients with Cushing’s disease, while

recurrence, defined as the reappearance of tumour and/or

hormonal hypersecretion in previously cured patients, occurs in

13%–25% of the cases. Hence, the term ‘remission’ should be used

rather than ‘cure’. Part of this variability may be due to the fact

that the definition of remission criteria is highly variable in the

literature.

 

2–7

 

Parameters that may herald recurrence after a successful surgery

are still debatable, but it is widely accepted that low postoperative

serum cortisol (

 

F

 

) values are associated with the best long-term

outcome.

 

7–10

 

 Additionally, it has been clearly shown that transient

secondary hypoadrenalism is consistent with clinical remission and

reversal of hypercortisolism. However, recurrence may also occur

after an undetectable basal 

 

F

 

 and long-term remission has been

observed when normal 

 

F

 

 has been obtained in the immediate post-

operative period.

 

8,10–16

 

 In a large European multicentre study, it was

shown that recurrence occurred during the follow-up in 4·3% of

those patients with undetectable 

 

F

 

 levels in the postoperative period.

 

8

 

Cyclical cortisol production, which has been previously carefully

documented, may explain some of the discordant results of the

suppressed cortisol value in the immediate postoperative period and

later recurrence.

 

17,18

 

Several investigators have shown that patients with evidence of

recurrence presented normal cortisol and ACTH responses to ovine

CRH in the early postoperative period, whereas those patients with
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a subnormal response remained in extended remission. However,

several studies show an overlap between patients who recurred and

those who did not.

 

19

 

For this purpose, either low detectable postoperative cortisol levels

or hyperresponsiveness to CRH or metyrapone tests soon after

surgery or occasional paradoxical ACTH–cortisol responses to TRH–

GnRH tests have been used in order to predict recurrence.

 

12,14,19–22

 

More recently, a synthetic vasopressin analogue, desmopressin

(1-deamino 8-

 

d

 

-arginine vasopressin), with more selective affinity

for the renal V2 receptors, but also able to interact with the V3 receptor

(over-expressed in human corticotroph adenoma cells), has been

shown to induce significant increases in ACTH and cortisol in

the majority of patients with Cushing’s disease.

 

22–26

 

 However, this

analogue may trigger a significant response in some normal subjects.

 

24

 

The consistent lack of hormonal response to desmopressin in the

majority of normal subjects might indicate the possible usefulness

of this test in the post surgical follow-up of operated Cushing’s

disease patients in order to predict true recurrences.

 

24,27,28

 

During the follow-up of patients submitted to pituitary surgery,

the disappearance of the hormonal response to desmopressin seems

to be related to the extended remission due to the corticotroph

tumour removal and suppression of nontumour corticotrophs.

 

24,27–29

 

This observation suggests that the desmopressin test should be per-

formed in the postoperative evaluation of those patients who showed

ACTH and cortisol response in the preoperative period.

 

22,24,26–29

 

 The

aim of this study is to evaluate the serum cortisol responses to

desmopressin after pituitary surgery, establishing an optimal cut-off

for the absolute increment (

 

Δ

 

) of serum cortisol suitable to predict

the recurrence risk.

 

Subjects and methods

 

Patients

 

We performed a retrospective study of 57 patients (48 women and

9 men), aged 11–66 years (median of 30 years), who were submitted

to desmopressin test after pituitary surgery for the treatment of

Cushing’s disease between 1992 and 2005, followed-up for 20–

161 months. An informed consent form was signed by all patients

and the study was approved by the Ethical and Research Committees

of the institutions. Diagnosis of Cushing’s syndrome was based on

typical clinical features and standard hormonal criteria: increased

24-h urinary cortisol excretion, loss of the circadian rhythm of

cortisol secretion and lack of suppression of cortisol after a low-dose

dexamethasone test (1 mg orally overnight). Differential diagnosis

of ACTH-dependent Cushing’s syndrome was suggested by analysis

of plasma ACTH concentration, response to desmopressin test,

pituitary magnetic resonance imaging (MRI) and bilateral inferior

petrosal sinus sampling in cases of equivocal or negative MRI for a

pituitary lesion. The diagnosis of Cushing’s disease was confirmed

in 39 patients after pituitary adenomectomy, as the histological

examination showed adenomatous tissue with positive immuno-

staining for ACTH. In the remaining 18 patients, the diagnosis

was confirmed by post surgical remission and/or by central to

peripheral ACTH gradient in the bilateral inferior petrosal

sinus sampling.

 

Desmopressin testing procedure

 

The desmopressin test was performed in the morning between 08·00

and 09·00 hours after an overnight fast. An antecubital vein was

cannulated 30 min before the beginning of the test. Blood samples

were collected before (0, baseline) and 15, 30, 45, 60 and 90 min after

10 

 

μ

 

g of desmopressin (DDAVP®, Ferring Pharmaceuticals,

Limhamn, Sweden) administered IV as a bolus injection for ACTH

and cortisol measurements. Patients were instructed to report any

side-effects after desmopressin administration and were advised to

avoid excessive fluid intake for the remainder of the day. Desmopressin

tests were performed before surgery in patients (Tables 1 and 2)

and confirmed a positive response and repeated 15–30 days post-

operatively (Tables 3 and 4). Replacement therapy with steroids

(cortisone acetate) was stopped the day before postoperative testing,

thus allowing a minimum of a 24-h period without glucocorticoid

replacement therapy. The analysis of post surgical desmopressin tests

was performed only in those patients who presented low levels of

postoperative basal 

 

F

 

 (< 165 nmol/l; 6 

 

μ

 

g/dl), excluding patients

with immediate failures. The cut-off of 165 nmol/l for postoperative

cortisol was selected by analysing the data of 207 patients who

underwent surgery for Cushing’s disease at our Service; we found

that a value of 

 

F

 

 < 165 nmol/l is compatible with a state of post-

operative hypocortisolism (data not published) and since then, this

has been the value used in our Service routine.

 

Hormone assays

 

Serum cortisol was measured by fluoroimmunoassay in an AutoDelfia

System (Wallac Oy, Turku, Finland), with an intercoefficient of

variation < 12·0% and sensitivity of 27·59 nmol/l (1 

 

μ

 

g/dl).

Table 1. Preoperative characteristics of 11 Cushing´s disease patients who 
recurred during follow-up

n Age Sex MRI BIPSS

% INCRE

ACTH

% INCRE 

F

1 24 F Macro NP 406·0 69·3

2 23 M Normal Central NP 18·2

3 36 F Micro NP 36·7 20·5

4 23 F Normal Central 1116·0 129·4

5 40 F Micro NP 37·2 31·6

6 39 F Micro NP 113·5 35·4

7 16 M Micro Central 924·0 90·9

8 45 F Micro NP NP 38·4

9 13 M Inconclusive Central 230·0 120·0

10 19 F Micro NP 195·7 142·8

11 29 F Micro NP 272 907·0

MRI, magnetic resonance imaging; Macro, macroadenoma; Micro, 
microadenoma; BIPSS, bilateral and simultaneous petrosal sinus sampling; 
NP, not performed; Central, central to peripheral ACTH gradient; % INCRE 
ACTH, percentage increment of ACTH at the desmopressin test (peak vs. 
baseline); F, serum cortisol; % INCRE F, percentage increment of cortisol at 
the desmopressin test (peak vs. baseline). Criteria were used to classify a 
positive response to desmopressin: plasma ACTH and F increases of at least 
35% and 20% above baseline levels, respectively.30
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From 1992 to 2002, ACTH was measured by an immunoradiometric

method (CIS bio International, Gif/Yvette, France), with an

intercoefficient of variation < 14·0% and sensitivity of 3·5 pmol/l

(16·0 pg/ml). From 2002 to 2003, ACTH was measured by a chemi-

luminescent assay by Nichols Advantage with an intercoefficient of

variation < 12·6% and sensitivity of 2·2 pmol/l (10·0 pg/ml) and

finally, from 2003 until 2005, ACTH was measured by the same

immunoradiometric method.

 

Response criteria

 

The following criteria were used to classify a positive response to

desmopressin: (i) preoperatively, plasma ACTH and 

 

F

 

 increases of

at least 35% and 20% above baseline levels, respectively;

 

30

 

 (ii) post-

operatively, an absolute increment (

 

Δ

 

) of 

 

F

 

 (

 

Δ

 

F

 

: 

 

F

 

 peak 

 

−

 

 

 

F

 

 baseline)

was considered to take into account the greater intra-assay variability

when cortisol concentrations are low. Plasma ACTH values after the

postoperative desmopressin test were analysed, but the results could

not be considered due to different ACTH assays used during this

period and the lower accuracy of ACTH in comparison to 

 

Δ

 

F

 

 to

predict recurrence risk.

 

Statistical analysis

 

Spearman’s correlation coefficient was fitted to indicate correlation

between: 

 

Δ

 

F

 

 and postoperative basal 

 

F

 

, absolute increment (

 

Δ

 

) of

ACTH (

 

Δ

 

ACTH: ACTH peak 

 

−

 

 ACTH baseline) and postoperative

basal 

 

F

 

 and 

 

Δ

 

F

 

 and 

 

Δ

 

ACTH. The Mann–Whitney test (Fisher and

van Belle, 1993) was used to compare probability distributions of

 

Δ

 

F

 

 and 

 

Δ

 

ACTH in the remission and recurrence groups. A simple

logistic regression model was fitted to describe the association

between 

 

Δ

 

F

 

 and ‘remission and recurrence’ probability. To select and

optimal cut-off for 

 

Δ

 

F

 

, a receive operator characteristic (ROC) curve

was performed. A logistic regression model was fitted by stepwise

forward logistic regression, considering as possible predictor variables

 

Δ

 

F

 

 and 

 

Δ

 

ACTH. Statistical significance was set at 

 

P < 

 

0·05.

 

Results

 

The outcomes of the 57 patients studied are summarized in

Fig. 1. Fifteen of the 57 patients did not achieve the clinical and

biochemical criteria for remission (

 

F

 

 basal > 165 nmol/l; 6·0 

 

μ

 

g/dl)

in the immediate postoperative period and received other com-

plementary therapy. One patient was lost during the follow-up.

Forty-one patients achieved the criteria for initial remission, but

during the follow-up period, 11 of them recurred and 30 remained

in remission.

Table 2. Preoperative characteristics of 30 patients with Cushing’s disease in 
prolonged remission

n Age Sex MRI BIPSS

% INCRE

ACTH

% INCRE 

F

1 21 F Normal Central 1116·0 129·4

2 44 F Micro NP 62·3 31·8

3 20 F Micro NP 345·4 95·1

4 30 M Normal Central 2710·0 108·5

5 37 F Normal Central 35·3 56·5

6 11 M Micro NP 277·4 49·1

7 28 F Micro NP 371·5 67·1

8 17 F Normal Central 1123·0 76·2

9 35 F Macro Central 113·5 35·4

10 30 F Normal Central 77·2 23·7

11 66 F Micro Central 94·2 297·1

12 33 F Micro NP 124·3 48·3

13 47 F Normal Central 422·0 46·3

14 16 F Micro NP 1264·0 54·5

15 37 F Macro NP NP 200·0

16 35 F Micro NP 2560·0 108·7

17 22 F Micro NP 924·0 90·9

18 29 M Micro Central 302·0 60·0

19 26 F Normal Central NP 38·4

20 32 F Micro NP 106·1 61·0

21 28 F Micro NP 195·7 142·8

22 34 F Macro NP 84·4 52·3

23 39 F Macro NP 739·2 62·5

24 30 F Normal Central 135·0 35·0

25 35 F Micro NP 248·0 585·0

26 47 F Micro NP 38·7 29·5

27 45 F Micro NP 272·0 907·0

28 16 F Micro NP 51·7 42·3

29 40 F Micro NP 640·0 110·0

30 30 F Micro NP 331·9 253·0

MRI, magnetic resonance imaging; Macro, macroadenoma; Micro, 
microadenoma; BIPSS, bilateral and simultaneous petrosal sinus sampling; 
NP, not performed; Central, central to peripheral ACTH gradient; % INCRE 
ACTH, percentage increment of ACTH at the desmopressin test (peak vs. 
baseline); F, serum cortisol; % INCRE F, percentage increment of cortisol at 
the desmopressin test (peak vs. baseline). Criteria were used to classify a 
positive response to desmopressin: plasma ACTH and F increases of at least 
35% and 20% above baseline levels, respectively.30

Table 3. Postoperative characteristics of 11 Cushing’s disease patients who 
recurred during follow-up

n Histology Baseline F ΔACTH ΔF

1 Pituitary adenoma, ACTH + 66·2 15·4 198·6

2 Normal pituitary 68·9 NP 46·9

3 Normal pituitary 33·1 1·9 38·6

4 Pituitary adenoma, ACTH + 27·6 7·7 275·9

5 Pituitary adenoma, ACTH + 146·2 1·5 113·1

6 Normal pituitary 137·9 31·7 400·1

7 Pituitary adenoma, ACTH + 55·2 14·7 339·3

8 Pituitary adenoma, ACTH + 148·9 NP 85·5

9 Normal pituitary 74·5 NP 129·7

10 Normal pituitary 13·8 1·6 0·0

11 Normal pituitary 13·8 6·2 220·7

F, serum cortisol (nmol/l; to μg/dl, divide by 27·59); Baseline F, baseline 
serum cortisol in the desmopressin test; ACTH, plasma ACTH (pmol/l; 
to pg/ml, divide by 0.2202); ΔACTH, ACTH peak (after desmopressin) 
− ACTH baseline; ΔF, F peak (after desmopressin) − F baseline; +, positive; 
NP, not performed.
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There were positive correlations between: 

 

Δ

 

F

 

 and postoperative

basal 

 

F

 

 (

 

r

 

 =

 

 0·50; P = 0·001), ΔACTH and postoperative basal

F (r = 0·53; P = 0·0001) and ΔF and ΔACTH (r = 0·63; P = 0·0001).

The groups differed regarding probability distributions of ΔF

(P = 0·001) and ΔACTH (P = 0·002). Thus, it can stated that ΔF

and ΔACTH are associated with the occurrence of remission or

recurrence, with individuals who present recurrence tending to

present higher values of these variables.

To assess the association between ΔF and remission, a logistic

regression model was adjusted. Estimated odds ratio was 0·72 (CI

95% [0·53; 0·99]), which means that one unit increase in ΔF increases

the chance of recurrence by 38%.

The ROC curve (Fig. 2) suggested that ΔF > 193 nmol/l (7·0 μg/dl)

was able to predict recurrence with 33% of sensitivity and 100% of

specificity (Table 5). Five of the 11 patients who recurred had

ΔF > 193 nmol/l (Table 3) and of the 30 patients who remained in

prolonged remission, none had ΔF > 193 nmol/l (Table 4).

During the logistic regression, only ΔF was selected to constitute

the final model. ΔACTH did not show an additional contribution

to that of ΔF (P = 0·499). Therefore, we concluded that ΔF is more

strongly associated to the outcome than ΔACTH and, once ΔF is

known, ΔACTH does not provide a significant contribution to

outcome prediction (remission or recurrence).

No severe side-effects were observed with desmopressin use, both

before and after surgery and no cases of water overload or significant

changes in blood pressure were observed, either.

Discussion

Cushing’s disease is a rare pathology with high morbidity and

mortality. TSS was introduced by Hardy in 1969 and since then

Fig. 2 Receive operator characteristic (ROC) curve: optimal cut-off for Δ 
cortisol after desmopressin to predict recurrence.

Table 4. Postoperative characteristics of 30 patients with Cushing’s disease 
in prolonged remission

n Histology Baseline F ΔACTH ΔF

1 Pituitary adenoma, ACTH + 46·9 8·6 16·6

2 Pituitary adenoma, ACTH + 38·6 0·0 2·6

3 Normal pituitary 41·4 NP 8·3

4 Pituitary adenoma, ACTH + 27·6 0·0 0·0

5 Pituitary adenoma, ACTH + 19·3 2·0 2·8

6 Pituitary adenoma, ACTH + 27·6 0·0 55·2

7 Pituitary adenoma, ACTH + 27·6 12·9 0·0

8 Normal pituitary 27·6 1·4 88·3

9 Pituitary adenoma, ACTH + 30·3 0·0 179·3

10 Pituitary adenoma, ACTH + 49·6 2·4 49·7

11 Pituitary adenoma, ACTH + 38·6 0·0 8·3

12 Pituitary adenoma, ACTH + 38·6 0·4 8·3

13 Normal pituitary 27·6 0·0 0·0

14 Pituitary adenoma, ACTH + 27·6 0·0 0·0

15 Pituitary adenoma, ACTH + 102·0 10·8 168·3

16 Pituitary adenoma, ACTH + 27·6 0·0 0·0

17 Pituitary adenoma, ACTH + 27·6 0·9 82·8

18 Normal pituitary 44·1 0·0 2·8

19 Pituitary adenoma, ACTH + 33·1 0·1 35·9

20 Pituitary adenoma, ACTH + 27·6 0·0 0·0

21 Pituitary adenoma, ACTH + 55·2 NP 2·8

22 Normal pituitary 16·6 1·3 11·0

23 Pituitary adenoma, ACTH + 165·5 28·2 193·1

24 Normal pituitary 151·7 4·4 63·5

25 Pituitary adenoma, ACTH + 41·4 1·9 77·2

26 Pituitary adenoma, ACTH + 30·3 0·0 0·0

27 Pituitary adenoma, ACTH + 137·9 0·0 35·9

28 Normal pituitary 27.6 0.0 0.0

29 Pituitary adenoma, ACTH + 27·6 4·2 60·7

30 Pituitary adenoma, ACTH + 27·6 0·0 0·0

F, serum cortisol (nmol/l; to μg/dl, divide by 27.59); Baseline F, baseline 
serum cortisol in the desmopressin test; ACTH, plasma ACTH (pmol/l; 
to pg/ml, divide by 0.2202); ΔACTH, ACTH peak (after desmopressin)  
− ACTH baseline; ΔF, F peak (after desmopressin) − F baseline; +, positive; 
NP, not performed.

Fig. 1 Short- and long-term outcomes in 57 patients treated by 
transsphenoidal surgery for Cushing’s disease. *One patient was lost during 
the follow-up.
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it has become the first choice treatment for Cushing’s disease.31,32

Several factors have previously been studied trying to predict

long-term surgical success or failure.

Theoretically, when an adenoma is surgically removed, serum

ACTH and cortisol should fall to very low levels in the immediate

postoperative period, as normal nontumour pituitary tissue remains

suppressed as a result of prior and prolonged hypercortisolism.

It became well established in the literature that subnormal or very

low levels of postoperative serum cortisol are good predictors of

biochemical remission, although a small subgroup of patients may

achieve remission with normal serum cortisol levels.7–10 Nevertheless,

although low or subnormal values of postoperative cortisol are

clearly related to remission, they are not directly related to

recurrence. A pertinent question is whether we can consistently

identify patients at risk of recurrence after an apparently successful

operation or identify patients who are less likely to sustain an

extended remission.

It has been accepted in many centres that undetectable plasma

cortisol levels (< 50 nmol/l; 1·8 μg/dl) after surgery should be

regarded as definitive cure or remission,12,15 and it has been reported

in different studies with a median follow-up period of 40–

58 months.12,15

An extensive further review confirmed that undetectable post-

operative serum cortisol levels between 5 and 14 days after surgery

were associated with good long-term outcome.9 The European

Cushing’s disease Study group8 found that 510 of 668 patients

demonstrated immediate postoperative remission (defined as normal

suppression with low-dose dexamethasone). Sixty-five patients

(12·7%) recurred within a mean time of 39 months. Amongst

patients (n = 94) with subnormal postoperative serum cortisol levels

(detection limits were not specified), a recurrence rate of 4·3% was

observed at 24 months.

It has been suggested that the finding of a hyper or normal ACTH

responsiveness to an early postoperative CRH test might be valuable

information when identifying patients with a greater risk of

recurrence.19

Desmopressin has been shown to induce significant ACTH and

cortisol increases in the majority of patients with Cushing’s disease,

but not in normal patients.22–26 The consistent lack of significant

response to this peptide in the general population might be a

consequence of an insufficient expression of V3 receptors in normal

corticotrophs.24,27–29 This consideration prompted us to evaluate

whether the desmopressin challenge might be of value in the post-

operative follow-up of patients with Cushing’s disease after successful

surgery for the recognition of the risk of recurrence, at least in

those patients who had shown ACTH and cortisol response in the

preoperative period.

A previous study evaluated the response to desmopressin in 22

patients operated on for Cushing’s disease, with a mean follow-up

of 4·5 years. On the basis of ACTH or cortisol peaks, respectively, the

desmopressin test was predictive of a later recurrence with a positive

predictive value of 100% or 80%, respectively, and a negative pre-

dictive value of 92%. Sensitivity and specificity were 80% and 100%,

respectively, based on ACTH peak, and 80% and 92%, respectively,

based on cortisol peak. Unfortunately, the authors did not perform

this test before the surgery.33

The results herein reported, confirm the clinical value of the

desmopressin test in the post surgical follow-up of Cushing’s disease

and clearly shown that undetectable postoperative serum cortisol

levels are not always related to long-term remission. In our series, 5

of the 11 patients who recurred, in spite of subnormal postoperative

baseline serum cortisol levels, showed ΔF > 193 nmol/l (7·0 μg/dl)

at the desmopressin test. Of the 30 patients who remained in

prolonged remission, none showed ΔF-values greater than

193 nmol/l. Thus, serum cortisol increment after desmopressin

injection seems to provide a better prediction of long-term remission

than low postoperative serum cortisol levels.

We conclude that, apart from diagnostic purposes, where a positive

ACTH and cortisol response to desmopressin in Cushing’s patients

retains a relative value as a marker of Cushing’s disease, the persistence

of cortisol response (ΔF > 193 nmol/l) to the desmopressin test in

the early postoperative period might help to identify Cushing’s

disease patients with initial remission, but who present risk for

later recurrence.
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