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Abstract
Purpose  In adults and children, transsphenoidal surgery (TSS) represents the cornerstone of management for most large or 
functioning sellar lesions with the exception of prolactinomas. Endocrine evaluation and management are an essential part 
of perioperative care. However, the details of endocrine assessment and care are not universally agreed upon.
Methods  To build consensus on the endocrine evaluation and management of adults undergoing TSS, a Delphi process 
was used. Thirty-five statements were developed by the Pituitary Society’s Education Committee. Fifty-five pituitary endo-
crinologists, all members of the Pituitary Society, were invited to participate in two Delphi rounds and rate their extent of 
agreement with statements pertaining to perioperative endocrine evaluation and management, using a Likert-type scale. 
Anonymized data on the proportion of panelists’ agreeing with each item were summarized. A list of items that achieved 
consensus, based on predefined criteria, was tabulated.
Results  Strong consensus (≥ 80% of panelists rating their agreement as 6–7 on a scale from 1 to 7) was achieved for 68.6% 
(24/35) items. If less strict agreement criteria were applied (ratings 5–7 on the Likert-type scale), consensus was achieved 
for 88% (31/35) items.
Conclusions  We achieved consensus on a large majority of items pertaining to perioperative endocrine evaluation and man-
agement using a Delphi process. This provides an international real-world clinical perspective from an expert group and 
facilitates a framework for future guideline development. Some of the items for which consensus was not reached, including 
the assessment of immediate postoperative remission in acromegaly or Cushing’s disease, represent areas where further 
research is needed.

Keywords  Delphi process · Pituitary adenoma · Transsphenoidal surgery · Hypopituitarism · Perioperative · Postoperative 
assessment

Introduction

Pituitary adenomas are common benign sellar masses and 
account for approximately 90% of sellar lesions in surgical 
case series [1–4]. In addition to pituitary adenomas, a large 
variety of other pathologic entities may occur in the sella. 
Transsphenoidal surgery is the cornerstone of management 
for large non-functioning sellar lesions as well as most non-
prolactinoma functioning tumors.

Endocrine evaluation is essential in patients undergo-
ing transsphenoidal surgery. Society guidelines have been 
published regarding the evaluation and management of 
non-functioning and functioning pituitary tumors [5–12]. 
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However, there are still considerable uncertainties regard-
ing the optimal endocrine assessment and management of 
these patients.

The Delphi process has been used with the goal of achiev-
ing consensus among experts from different countries on a 
variety of health-related topics using an iterative process, 
during which anonymized opinions from experts are fed 
back to the same expert panel in a series of rounds [13, 14].

In the present study, we sought to engage pituitary endo-
crinologists towards achieving consensus regarding the 
endocrine evaluation and management of patients undergo-
ing TSS using a Delphi process.

Methods

A Steering Committee, composed of members of the Pitui-
tary Society Education Committee, developed the study 
objectives and the statement questions (please find state-
ment questions summarized in Table 1). References from the 
literature were compiled. A total of 55 endocrinologists from 
5 continents (Asia, Europe, North America, Oceania, South 
America), all members of the international Pituitary Society, 
were invited to participate in the Delphi process via elec-
tronic mail. Ethics approval was not required (the study did 
not enroll any patients and does not report on patient data).

First Delphi round

Delphi panel members were provided with an electronic link 
to the online questionnaire. For each item, the panelists were 
asked to rate their agreement or disagreement on a Likert-
type scale as follows: 1 (“complete disagreement”), 2 (“some 
disagreement”), 3 (“disagreement”), 4 (“neither disagree-
ment nor agreement”), 5 (“agreement”), 6 (“some agree-
ment”) to 7 (“complete agreement”). Panel members were 
allowed to skip any questions they did not wish to answer. 
In addition, panelists were provided with the opportunity 
to suggest additional questions or make comments. Panel 
members were given 4 weeks to complete the survey, and 
a single reminder was sent to those who did not respond. 
Of 55 invited panelists, 50 responded in the first round. 
Anonymized data from the first round were summarized 
and sent to all participants. In addition, several questions 
were modified and additional questions were added by the 
research team, based on comments and suggestions made by 
panel members in the first round.

Second Delphi round

Panel members were recontacted via electronic mail and 51 
of the originally invited panelists participated in the second 
round. Anonymized feedback, showing the distribution of 

panelists’ agreement with each item from the first round, was 
provided to all Delphi panel members in the second round.

Panelists were then asked to rate their agreement with 
each item using the same Likert-type scale used in the first 
round. Questions that had reached strong consensus (defined 
as ≥ 80% of participants rating their agreement as ≥ 6 or ≤ 2 
on the Likert-type scale) during the first round were not 
included in the second Delphi round. Instructions given to 
panel members were otherwise identical to those provided 
during the first Delphi round.

A virtual meeting was originally conceived as a means 
of building further consensus in a modified Delphi process. 
However, consensus was achieved for the majority of items 
by the end of the second round, with only modest changes in 
agreement among panelists between the two rounds of Del-
phi. Due to COVID-19 restrictions and strenuous demands 
on healthcare professionals in many of the countries repre-
sented in the Delphi panel, a virtual meeting after the second 
round of Delphi was not convened.

Data analysis

The proportion of panelist consensus across each item was 
tabulated based on predefined criteria (a response of ≥ 6 sig-
nified agreement and ≤ 2 signified disagreement with state-
ment). The proportion of items that reached consensus was 
tabulated, as was the proportion of statements that achieved 
consensus after question modification.

Results

Thirty-five items pertaining to the preoperative and postop-
erative endocrine evaluation and management of patients 
with sellar masses undergoing transsphenoidal surgery were 
prepared by the Steering Committee. These items were sub-
sequently submitted to the Delphi panel for consideration, 
including two items that were introduced in the second 
round of Delphi in response to feedback from panelists at 
the end of the first round.

The proportion of Delphi panelists that indicated some or 
complete agreement with each item (rating 6 or 7 on a Lik-
ert-type scale) is shown for each of the two rounds of Delphi 
(Table 1). A high proportion of panelists (range 46–51 of 51 
participants) provided ratings for individual items. Using our 
prespecified criteria (≥ 80% of panelists rating their agree-
ment as ≥ 6 or ≤ 2 on the Likert-type scale), consensus was 
achieved for 24 of 35 items (68.6%) at the end of the second 
Delphi round, including three items for which consensus 
was reached after modification or addition of questions for 
the second round.

There was general agreement amongst panelists with 
respect to preoperative evaluation of pituitary function, with 
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Table 1   Proportion of panelists indicating some or complete agreement (rating 6 or 7 on a Likert-type scale) with individual items pertaining to 
the evaluation and management of adult patients undergoing transsphenoidal surgery

Item number Item First Delphi round Second Delphi round

1 Patients with an apparent pituitary adenoma should have 
serum prolactin measured preoperatively

49/50 (98%) Consensus achieved in Round 1

2 Patients with an apparent macroadenoma and minimally 
elevated prolactin levels should have serum prolactin 
measured in serial dilution preoperatively

31/50 (62%) 36/51 (70.6%)

3 Serum IGF-I should be measured in all patients with a 
sellar mass preoperatively

43/50 (86%) Consensus achieved in Round 1

4 Patients with a macroadenoma or other large (≥ 1 cm) 
sellar mass should undergo evaluation for hypoad-
renalism preoperatively

43/50 (86%) Consensus achieved in Round 1

5 Patients with a sellar mass who present with symptoms 
or signs suggestive of hypoadrenalism should undergo 
evaluation of adrenal reserve preoperatively regardless 
of lesion size

43/50 (86%) Consensus achieved in Round 1

6 All patients with an apparent pituitary adenoma and any 
symptoms or signs of hypercortisolemia should be 
evaluated for Cushing’s disease preoperatively

48/50 (96%) Consensus achieved in Round 1

7 Thyroid function should be tested in all patients with a 
sellar mass preoperatively

42/50 (84%) Consensus achieved in Round 1

8 Evaluation of gonadal function is advisable in patients 
with symptoms suggestive of hypogonadism, those 
with a large (≥ 1 cm) sellar mass and those with a 
functioning tumor regardless of size preoperatively

44/50 (88%) Consensus achieved in Round 1

9 Evaluation of possible diabetes insipidus is advisable in 
patients with a sellar mass who present with polyuria 
and/or hypernatremia preoperatively

45/50 (90%) Consensus achieved in Round 1

10 Patients with hypoadrenalism should receive glucocorti-
coid replacement preoperatively

48/49 (97.9%) Consensus achieved in Round 1

11 Patients with hypothyroidism should receive thyroid 
hormone replacement preoperatively

40/50 (80%) Consensus achieved in Round 1

12 Sex steroid replacement is advisable in symptomatic 
patients with central hypogonadism preoperatively

9/50 (18%) 9/45 (20%)

12a Sex steroid replacement may be considered in sympto-
matic patients with central hypogonadism preopera-
tively

Question 12 modification for Round 2 27/51 (52.9%)

13 Preoperative medical therapy should be considered in 
patients with somatotropin-secreting adenomas

7/50 (14%) 8/46 (17.4%)

13a Preoperative medical therapy may be considered in 
patients with somatotropin-secreting adenomas

Question 13 modification for Round 2 32/50 (64%)

14 Preoperative medical therapy should be considered in 
patients with corticotropin-secreting adenomas

13/50 (26%) 15/47 (31.9%)

14a Preoperative medical therapy may be considered in 
patients with corticotropin-secreting adenomas

Question 14 modification for Round 2 37/51 (72.5%)

15 Stress dose glucocorticoid administration is advisable 
perioperatively

27/50 (54%) 26/49 (53.1%)

15a Stress dose glucocorticoid administration is generally 
advisable perioperatively in patients with known or 
suspected adrenal insufficiency

Question 15 modification for Round 2 48/50 (96%)

16 Serum sodium should be monitored postoperatively 47/50 (94%) Consensus achieved in Round 1
17 Morning serum cortisol should be monitored postopera-

tively (during an interval of 1–5 days postoperatively)
41/50 (82%) Consensus achieved in Round 1

18 Full evaluation of pituitary function should be con-
ducted 6–12 weeks after transsphenoidal surgery

46/49 (93.9%) Consensus achieved in Round 1
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Table 1   (continued)

Item number Item First Delphi round Second Delphi round

19 Serum prolactin should be measured postoperatively (on 
postoperative day 1 or 2) in patients with presumed 
prolactin-secreting adenomas to evaluate for remission

27/49 (55.1%) 27/47 (57.4%)

19a Serum prolactin may be measured postoperatively (on 
postoperative day 1 or 2) in patients with presumed 
prolactin-secreting adenomas to evaluate for remission

Question 19 modification for Round 2 38/51 (74.5%)

20 Dynamic testing should be obtained to evaluate the 
pituitary adrenal axis at 6–12 weeks postoperatively, 
if morning serum cortisol is not sufficiently high to 
assure sufficient adrenal function early postoperatively

43/49 (87.7%) Consensus achieved in Round 1

21 Thyroid function should be assessed in all patients post-
operatively (at 6–8 weeks)

46/49 (93.9%) Consensus achieved in Round 1

22 Gonadal function should be evaluated in patients 
(6–12 weeks) postoperatively, including women of 
premenopausal age and men

44/49 (89.8%) Consensus achieved in Round 1

23 Dynamic testing should be obtained to assess GH secre-
tion postoperatively in patients with clinical suspicion 
of GH deficiency

34/49 (69.4%) 31/46 (67.4%)

23a Dynamic testing may be obtained to assess GH secretion 
postoperatively in patients with clinical suspicion of 
GH deficiency

Question 23 modification for Round 2 43/51 (84.3%)

24 In patients with acromegaly, morning serum GH should 
be obtained early postoperatively (postoperative day 1 
or 2) to evaluate endocrine remission

22/48 (45.8%) 24/48 (50%)

24a In patients with acromegaly, morning serum GH may be 
obtained early postoperatively (postoperative day 1 or 
2) to evaluate endocrine remission

Question 24 modification for Round 2 36/50 (72%)

25 Serum IGF-I should be obtained to evaluate endocrine 
remission at 6 weeks postoperatively. If elevated, 
serum IGF-I should be rechecked at 12 weeks postop-
eratively to document persistent disease activity before 
making treatment decisions

39/48 (81.1%) Consensus achieved in Round 1

26 A glucose tolerance test should be obtained to evalu-
ate endocrine remission of acromegaly several weeks 
postoperatively

26/49 (53.1%) 30/47 (63.8%)

26a A glucose tolerance test may be obtained to evaluate 
endocrine remission of acromegaly several weeks 
postoperatively

Question 26 modification for Round 2 37/51 (72.5%)

27 Patients with acromegaly who are in endocrine remis-
sion should be evaluated biochemically for recurrence 
annually (or sooner if clinically indicated)

43/49 (87.7%) Consensus achieved in Round 1

28 In patients with Cushing’s disease, endocrine testing 
should be conducted during the first postoperative 
week to document endocrine remission

41/48 (85.4%) Consensus achieved in Round 1

29 In patients with Cushing’s disease, serum cortisol 
should be monitored to document endocrine remission 
postoperatively

44/48 (91.7%) Consensus achieved in Round 1

30 In patients with Cushing’s disease, monitoring of 
plasma ACTH levels should be considered to docu-
ment endocrine remission postoperatively

21/48 (43.7%) 14/47 (29.8%)

30a In patients with Cushing’s disease, monitoring of 
plasma ACTH levels may be considered to document 
endocrine remission postoperatively

Question 30 modification for Round 2 32/51 (62.7%)

31 In patients with Cushing’s disease, 24 h urinary free 
cortisol should be monitored to document endocrine 
remission postoperatively

19/48 (39.6%) 25/48 (52%)
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consensus achieved for 8 of 9 items (88.9%). On the other 
hand, there was less agreement amongst panelists regard-
ing preoperative therapy [3 of 6 items (50%)]. Regarding 
postoperative endocrine evaluation, consensus was achieved 
for 12 of 19 items (63.2%). Consensus was also reached on 
the single item on postoperative therapy (1 of 1 item). Items 
for which consensus was reached are summarized in Box 1.

Using predefined criteria on panelists’ extent of agree-
ment (Box 2), consensus was not achieved for 11 items 
after two rounds of Delphi. If using less stringent criteria 
of agreement (i.e., ratings of ≥ 5 on the Likert-type scale), 
similar to other Delphi panels [13, 15], consensus would be 
reached for 88% of items (31 of 35 items, Box 2).

Discussion

In this study, a Delphi process was used towards building 
consensus on endocrine aspects of perioperative evaluation 
and management of adults undergoing transsphenoidal sur-
gery [1, 2].

After two rounds of Delphi, panelists from Asia, 
Europe, North America, Oceania, and South America 
reached consensus on the majority of items submitted to 
them by the research team. There was wide agreement 
on the extent of preoperative and postoperative endocrine 
testing. Despite some uncertainties in previous guidelines 
[16], a clear consensus was achieved in this group to meas-
ure serum IGF-I in all pituitary tumors preoperatively to 

ensure proper diagnosis of GH excess. This is important 
because patients with GH-secreting adenomas do not 
always present with classic manifestations of acromegaly, 
require additional evaluation for comorbidities and may 
benefit from further medical therapy [17].

There was agreement on preoperative administration 
of glucocorticoid and thyroid hormone replacement in 
patients with diagnosed deficiencies as well as periopera-
tive use of stress-dose glucocorticoid coverage for patients 
with known or suspected hypoadrenalism, but not for all 
patients undergoing transsphenoidal surgery. The panelists 
also agreed on postoperative monitoring of serum sodium 
and cortisol and the use of desmopressin “on demand” 
(as required to control hypernatremia and/or polyuria) for 
patients with central diabetes insipidus. Agreement was 
achieved on postoperative monitoring of endocrine func-
tion, including morning serum cortisol in patients with 
Cushing’s disease, as well as serum IGF-I in patients with 
acromegaly.

Regular monitoring of serum sodium levels is important 
and advised for approximately 7–10 days postoperatively, 
including after hospital discharge. This will detect the pos-
sibility of hyponatremia, which could be as high as 20%, 
with symptomatic cases in just 5% of these patients or more 
rarely, a trend for triphasic response. These items are broadly 
consistent with several published guidelines [5–7, 18] and 
highlight the importance of guideline practicability, even 
when the level of evidence per se is limited in real-world 
scenarios.

Table 1   (continued)

Item number Item First Delphi round Second Delphi round

31a In patients with Cushing’s disease, 24 h urinary free 
cortisol may be monitored to document endocrine 
remission postoperatively

Question 31 modification for Round 2 40/51 (78.4%)

32 In patients with Cushing’s disease, late night salivary 
cortisol should be monitored to document endocrine 
remission postoperatively

25/48 (52.1%) 30/47 (63.8%)

32a In patients with Cushing’s disease, late night salivary 
cortisol may be monitored to document endocrine 
remission postoperatively

Question 32 modification for Round 2 38/51 (74.5%)

33 Patients with Cushing’s disease who are in endocrine 
remission should be evaluated for recurrence annually 
(or sooner if clinically indicated)

45/48 (93.7%) Consensus achieved in Round 1

34 Patients with an apparent clinically non-functioning 
pituitary adenoma may be evaluated for Cushing’s 
disease preoperatively

Question added for Round 2 32/46 (69.6%)

35 Desmopressin may be administered “on demand” (as 
required) in patients who underwent transsphenoidal 
surgery and developed central diabetes insipidus in the 
postoperative period

Question added for Round 2 42/51 (82.3%)

Questions 12a, 13a, 14a, 15a, 19a, 23a, 24a, 26a, 30a, 31a, 32a represent modifications of the corresponding original questions and were intro-
duced during the second Delphi round in response to feedback from panelists at the end of the first round of Delphi. The last 2 questions (34 and 
35) were added to the second Delphi round, based on suggestions from panel members
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On the other hand, there were several items for which 
consensus was not achieved by the Delphi panel, using our 
strict, predefined criteria. This at least partly reflects those 
topics where there are either no data available or where there 
is controversy in the literature and more research is needed.

Notably, panelists did not broadly agree on the need to 
measure serum prolactin in dilution in patients with mac-
roadenomas. Prolactin immunoassays can be suscepti-
ble to the “hook effect” artifact, which may lead to sub-
stantial underreporting of prolactin measurements in sera 
containing very high prolactin concentrations [19, 20]. 
Although rare, this artifact can lead to misclassification of 

a prolactin-secreting adenoma as a non-functioning lesion, 
thus having important implications for patient management. 
Some panelists commented that they would recommend 
measuring prolactin in dilution only in sera from patients 
with giant adenomas, while others noted that their labora-
tory routinely tests for deviations from linearity of measured 
prolactin, using automated assay platforms (data not shown). 
While newer automated immunoassay platforms are likely 
to detect the “hook effect”, this may not be the case in older 
assays, which are still in use in many countries. Therefore, 
there is potential for misdiagnosis [21, 22], especially when 
surgery is performed at an institution where automated 

Box 1   Consensus on the evaluation and management of patients undergoing transsphenoidal surgery

Item

Preoperative evaluation of pituitary function
Patients with an apparent pituitary adenoma should have serum prolactin measured preoperatively
Serum IGF-I should be measured in all patients with a sellar mass preoperatively
Patients with a macroadenoma or other large (≥ 1 cm) sellar mass should undergo evaluation for hypoadrenalism preoperatively
Patients with a sellar mass who present with symptoms or signs suggestive of hypoadrenalism should undergo evaluation of adrenal reserve 

preoperatively regardless of lesion size
All patients with an apparent pituitary adenoma and any symptoms or signs of hypercortisolemia should be evaluated for Cushing’s disease 

preoperatively
Thyroid function should be tested in all patients with a sellar mass preoperatively
Evaluation of gonadal function is advisable in patients with symptoms suggestive of hypogonadism, those with a large (≥ 1 cm) sellar mass 

and those with a functioning tumor regardless of size preoperatively
Evaluation of possible diabetes insipidus is advisable in patients with a sellar mass who present with polyuria and/or hypernatremia preopera-

tively
Preoperative hormone replacement
Patients with hypoadrenalism should receive glucocorticoid replacement preoperatively
Patients with hypothyroidism should receive thyroid hormone replacement preoperatively
Stress dose glucocorticoid administration is generally advisable perioperatively in patients with known or suspected adrenal insufficiency
Postoperative endocrine evaluation
Serum sodium should be monitored postoperatively
Morning serum cortisol should be monitored postoperatively (during an interval of 1–5 days postoperatively)
Full evaluation of pituitary function should be conducted 6–12 weeks after transsphenoidal surgery
Dynamic testing should be obtained to evaluate the pituitary adrenal axis at 6–12 weeks postoperatively, if morning serum cortisol is not suf-

ficiently high to assure sufficient adrenal function early postoperatively
Thyroid function should be assessed in all patients postoperatively (at 6–8 weeks)
Gonadal function should be evaluated in patients (6–12 weeks) postoperatively, including women of premenopausal age and men
Dynamic testing may be obtained to assess GH secretion postoperatively in patients with clinical suspicion of GH deficiency
Patients with acromegaly
Serum IGF-I should be obtained to evaluate endocrine remission at 6 weeks postoperatively. If elevated, serum IGF-I should be rechecked at 

12 weeks postoperatively to document persistent disease activity before making treatment decisions
Patients in endocrine remission should be evaluated biochemically for recurrence annually (or sooner if clinically indicated)
Patients with Cushing’s disease
Endocrine testing should be conducted during the first postoperative week to document endocrine remission
Serum cortisol should be monitored to document endocrine remission postoperatively
Patients in endocrine remission should be evaluated for recurrence annually (or sooner if clinically indicated)
Postoperative hormone replacement
Desmopressin may be administered “on demand” (as required) in patients who underwent transsphenoidal surgery and developed central 

diabetes insipidus in the postoperative period
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assays are available to detect hook effect, yet patient workup 
has been carried out at an outside laboratory that does not 
use such technologies [23]. This scenario can occur more 
often with the widespread use of telemedicine, including 
both distance visits and endocrine testing being carried out 
at a distant laboratory. Careful communication between the 
clinician and laboratory staff is advised to minimize this 
possibility.

There was also lack of consensus regarding preoperative 
testing for hypercortisolism in all patients with an appar-
ently non-functioning pituitary adenoma. This might reflect 
concern about false positive results of endocrine testing in 
some individuals. On the other hand, published data sug-
gest that some patients with Cushing’s disease may lack 
typical symptoms and signs, and can present with an inci-
dentally found sellar mass [24]. These patients are at risk 

of developing severe hypoadrenalism postoperatively if 
glucocorticoid replacement is not instituted. In addition, 
silent corticotropinomas cannot be reliably diagnosed in the 
absence of preoperative testing for hypercortisolism [25, 26]. 
Such patients seem to have a worse prognosis [27, 28].

Preoperative sex steroid replacement was not agreed 
upon, even in symptomatic patients with hypogonadism. 
Some panelists raised concerns that sex steroid administra-
tion carries a prothrombotic risk, which may be even higher 
in the perioperative period (data not shown) [29]. There are 
no data suggesting a better surgical outcome if sex steroids 
are replaced preoperatively.

Items concerning the administration of preoperative 
medical therapy in patients with acromegaly or Cushing’s 
disease did not reach consensus, potentially reflecting dif-
ferences in practice among international centers (including 

Box 2   Items that did not achieve consensus after two rounds of the Delphi process

*Consensus (≥ 80%) would be achieved on these items if responses from panelists with any extent of agreement (ratings 5, 6, 7 on the Likert-
type scale) were considered

Item

Preoperative evaluation of pituitary function
Patients with an apparent macroadenoma and minimally elevated prolactin levels should have serum prolactin measured in serial dilution 

preoperatively
*Patients with an apparent clinically non-functioning pituitary adenoma may be evaluated for Cushing’s disease preoperatively
Preoperative endocrine therapy
Sex steroid replacement is advisable in symptomatic patients with central hypogonadism preoperatively
Sex steroid replacement may be considered in symptomatic patients with central hypogonadism preoperatively
Preoperative medical therapy should be considered in patients with somatotropin-secreting adenomas
*Preoperative medical therapy may be considered in patients with somatotropin-secreting adenomas
Preoperative medical therapy should be considered in patients with corticotropin-secreting adenomas
*Preoperative medical therapy may be considered in patients with corticotropin-secreting adenomas
Stress dose glucocorticoid administration is advisable perioperatively
Postoperative endocrine evaluation
Patients with prolactinomas
 Serum prolactin should be measured postoperatively (on postoperative day 1 or 2) to evaluate for remission
 *Serum prolactin may be measured postoperatively (on postoperative day 1 or 2) to evaluate for remission

All patients
 Dynamic testing should be obtained to assess GH secretion postoperatively in patients with clinical suspicion of GH deficiency

Patients with acromegaly
 Morning serum GH should be obtained early postoperatively (postoperative day 1 or 2) to evaluate endocrine remission
 Morning serum GH may be obtained early postoperatively (postoperative day 1 or 2) to evaluate endocrine remission
 A glucose tolerance test should be obtained to evaluate endocrine remission several weeks postoperatively
 *A glucose tolerance test may be obtained to evaluate endocrine remission several weeks postoperatively

Patients with Cushing’s disease
 Monitoring of plasma ACTH levels should be considered to document endocrine remission postoperatively
 Monitoring of plasma ACTH levels may be considered to document endocrine remission postoperatively
 24 h urinary free cortisol should be monitored to document endocrine remission postoperatively
 *24 h urinary free cortisol may be monitored to document endocrine remission postoperatively
 Late night salivary cortisol should be monitored to document endocrine remission postoperatively
 *Late night salivary cortisol may be monitored to document endocrine remission postoperatively



71Pituitary (2022) 25:64–73	

1 3

various waiting times between diagnosis and transsphenoidal 
surgery among different centers), the clinical heterogeneity 
of patient populations, and ongoing uncertainties regarding 
the benefits of preoperative medical therapy [30–32]. Clini-
cal experience suggests that preoperative medical therapy 
may be helpful in patients with Cushing’s disease and very 
high cortisol levels who present with acute psychiatric ill-
ness or sepsis.

Interestingly, despite substantial work in this area, the 
definition of remission in all hyperfunctioning pituitary 
tumors remains controversial, including the role of imme-
diate postoperative laboratory testing [10, 12]. Several items 
pertaining to the postoperative assessment of remission in 
patients with functioning tumors did not achieve consensus, 
including early prolactin or growth hormone (GH) meas-
urements in patients with prolactinomas or acromegaly, 
respectively, and subsequent post-glucose GH testing in 
acromegaly, or the measurements of plasma adrenocortico-
tropic hormone, 24-h urinary free cortisol, and late-night 
salivary cortisol in Cushing’s disease. These observations 
may partly reflect differences in practice among centers 
or perhaps lack of clinician confidence with regards to the 
accuracy of some endocrine assays. Some data support the 
predictive value of these tests in assessing endocrine remis-
sion [33–36]. Additional research would be helpful to inform 
expert opinion and clinical practice pertaining to assessment 
of endocrine remission.

Strengths of the present study include the relatively large 
size of the Delphi panel, the inclusion of panel members 
from an international pool of experts from five continents, 
including a majority from institutions fulfilling criteria for 
Pituitary Centers of excellence [37], and the very high pro-
portion of panelists who engaged effectively in the Delphi 
process by rating each item. The present report represents 
real-life experience, reflecting variations in the approach to 
endocrine management in different parts of the world among 
diverse healthcare systems and varying financial resources.

In conclusion, substantial consensus on endocrine aspects 
of the perioperative evaluation and management of adults 
undergoing transsphenoidal surgery was reached, using a 
Delphi process. However, consensus was not reached on a 
minority of items, some of which represent areas where fur-
ther research is needed to inform expert opinion, pituitary 
care and further consensus guidelines.

Acknowledgements  The authors thank other members of Pituitary 
Society Education Committee: Michael Buchfelder, Justin Cetas, 
Marcus Hani, Luis Syro and Bari Laner from Pituitary Society for 
administrative assistance with the surveys.

Collobrative authors: “Pituitary Society Delphi Collaborative 
Group”: Irina Bancos, e-mail: bancos.irina@mayo.edu, Mayo Clinic, 
USA. Martin Bidlingmaier, e-mail: martin.bidlingmaier@med.uni-
muenchen.de, Klinikum der Universität München, Germany. Nienke 
Biermasz, e-mail: n.r.biermasz@lumc.nl, Leiden University Medical 
Center, Nethederlands. Cesar Luiz Boguszewski, e-mail: clbogus@uol.

com.br, SEMPR - Federal University of Parana, Brazil. Jessica Brzana, 
e-mail: jessica.brzana@swedish.org, Swedish Medical Center, USA. 
John Carmichael, e-mail: jdcarmic@med.usc.edu, Keck School of 
Medicine at USC, USA. Philippe Chanson, e-mail: philippe.chanson@
aphp.fr, Bicetre University Hospital, France. Andjela Drincic, e-mail: 
Andjela.drincic@unmc.edu, University of Nebraska Medical Center, 
USA. Yuval Eisenberg, e-mail: eisenbe1@uic.edu, University of Illi-
nois, Chicago, USA. Hidenori Fukuoka, e-mail: fukuokah@med.kobe-
u.ac.jp, Kobe University School of Medicine, Japan. Monica Gadelha, 
e-mail: mgadelha@hucff.ufrj.br, Federal University of Rio de Janeiro, 
Brazil. Luma Ghalib, e-mail: luma.ghalib@osumc.edu, Ohio State 
University, USA. Murray Gordon, e-mail: mgordon740@msn.com, 
Allegheny General Hospital, USA. Yona Greenman, e-mail: yonagr@
tlvmc.gov.il, Tel Aviv-Sourasky Medical Center, Israel. Francisco 
Guarda, e-mail: fjguarda@gmail.com, Pontificia Universidad Católica 
de Chile, Chile. Miguel, e-mail: Hinojosa-Amaya, e-mail: miguel.hino-
josa398@uanl.edu.mx, Universidad Autónoma de Nuevo León, Mex-
ico. Ken Ho, e-mail: k.ho@garvan.org.au, Garvan Institute of Medical 
Research, Australia. Mirela-Diana Ilie, e-mail: mireladiana.ilie@gmail.
com, "C.I.Parhon" National Institute of Endocrinology, Romania. Niki 
Karavitaki, e-mail: n.karavitaki@bham.ac.uk, University of Birming-
ham, UK. Larry Katznelson, e-mail: lkatznelson@stanford.edu, Stan-
ford University School of Medicine, USA. Fahrettin Keleştimur, e-mail: 
fktimur@erciyes.edu.tr, Erciyes University, Turkey. Andre Lacroix, 
e-mail: andre.lacroix@umontreal.ca, University of Montreal Health 
Centre, Canada. Fabienne Langlois, e-mail: fabienne.langlois@ush-
erbrooke.ca, Centre Hospitalier Universitaire de Sherbrooke, Canada. 
Dawn Lim, e-mail: dawnlim@gmail.com, Singapore General Hospital, 
Singapore. Sebastian Neggers, e-mail: s.neggers@erasmusmc.nl, Eras-
mus University Medical Center, Nethederlands. Dan Niculescu, e-mail: 
dan.niculescu@umfcd.ro, C. I. Parhon National Institute of Endocrinol-
ogy, Romania. Stephan Petersenn, e-mail: stephan.petersenn@endoc-
med.de, ENDOC Center for Endocrine Tumors, Germany . Rosario 
Pivonello, e-mail: rosario.pivonello@unina.it, Università Federico II, 
Italy. Gerald Raverot, e-mail: gerald.raverot@chu-lyon.fr, Hospices 
Civils de Lyon, France. Richard Ross, e-mail: r.j.ross@sheffield.ac.uk, 
University of Sheffield, UK. Roberto Salvatori, e-mail: salvator@jhmi.
edu, Johns Hopkins University, USA. Carla Scaroni, e-mail: carla.sca-
roni@unipd.it, Hospital-University, Padova, Italy. Ismat Shafiq, e-mail: 
ismat_shafiq@urmc.rochester.edu, University of Rochester Medical 
Center, USA. Susmeeta Sharma, e-mail: susmeeta.t.sharma@med-
star.net, MedStar Washington Hospital Center, USA. Antoine Tabarin, 
e-mail: antoine.tabarin@chu-bordeaux.fr, CHU of Bordeaux, France. 
Stylianos Tsagarakis, e-mail: stsagara@otenet.gr, Evangelismos Gen-
eral Hospital, Greece. Elena Valassi, e-mail: EValassi@santpau.cat, 
Hospital Sant Pau, Spain. Greisa Vila, e-mail: greisa.vila@meduni-
wien.ac.at, Medical University of Vienna, Austria. Maggie Wierman, 
e-mail: margaret.wierman@cuanschutz.edu, University of Colorado 
School of Medicine, USA.

Funding  No funding was received for conducting this study.

Data availability  The dataset can be made available upon reasonable 
request.

Declarations 

Conflict of interest  SF, AGI, IS, MG and MF are on the editorial board 
for Pituitary journal.

Ethical approval  This was not required (no patients participated in this 
study and no patient data are reported).



72	 Pituitary (2022) 25:64–73

1 3

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Melmed S (2020) Pituitary-tumor endocrinopathies. N Engl J 
Med 382(10):937–950. https://​doi.​org/​10.​1056/​NEJMr​a1810​
772

	 2.	 Molitch ME (2017) Diagnosis and treatment of pituitary adeno-
mas: a review. JAMA 317(5):516–524. https://​doi.​org/​10.​1001/​
jama.​2016.​19699

	 3.	 Valassi E, Biller BM, Klibanski A, Swearingen B (2010) Clini-
cal features of nonpituitary sellar lesions in a large surgical 
series. Clin Endocrinol (Oxf) 73(6):798–807. https://​doi.​org/​
10.​1111/j.​1365-​2265.​2010.​03881.x

	 4.	 Freda PU, Post KD (1999) Differential diagnosis of sellar 
masses. Endocrinol Metab Clin N Am 28(1):81–117. https://​
doi.​org/​10.​1016/​s0889-​8529(05)​70058-x

	 5.	 Fleseriu M, Bodach ME, Tumialan LM, Bonert V, Oyesiku NM, 
Patil CG et al (2016) Congress of neurological surgeons sys-
tematic review and evidence-based guideline for pretreatment 
endocrine evaluation of patients with nonfunctioning pituitary 
adenomas. Neurosurgery 79(4):E527–E529. https://​doi.​org/​10.​
1227/​NEU.​00000​00000​001387

	 6.	 Ziu M, Dunn IF, Hess C, Fleseriu M, Bodach ME, Tumialan 
LM et al (2016) Congress of neurological surgeons systematic 
review and evidence-based guideline on posttreatment follow-up 
evaluation of patients with nonfunctioning pituitary adenomas. 
Neurosurgery 79(4):E541–E543. https://​doi.​org/​10.​1227/​NEU.​
00000​00000​001392

	 7.	 Casanueva FF, Molitch ME, Schlechte JA, Abs R, Bonert V, 
Bronstein MD et al (2006) Guidelines of the Pituitary Soci-
ety for the diagnosis and management of prolactinomas. Clin 
Endocrinol (Oxf) 65(2):265–273. https://​doi.​org/​10.​1111/j.​
1365-​2265.​2006.​02562.x

	 8.	 Melmed S, Casanueva FF, Hoffman AR, Kleinberg DL, Mon-
tori VM, Schlechte JA et al (2011) Diagnosis and treatment 
of hyperprolactinemia: an Endocrine Society clinical practice 
guideline. J Clin Endocrinol Metab 96(2):273–288. https://​doi.​
org/​10.​1210/​jc.​2010-​1692

	 9.	 Biller BM, Grossman AB, Stewart PM, Melmed S, Bertagna X, 
Bertherat J et al (2008) Treatment of adrenocorticotropin-depend-
ent Cushing’s syndrome: a consensus statement. J Clin Endocrinol 
Metab 93(7):2454–2462. https://​doi.​org/​10.​1210/​jc.​2007-​2734

	10.	 Nieman LK, Biller BM, Findling JW, Murad MH, Newell-Price 
J, Savage MO et al (2015) Treatment of Cushing’s syndrome: an 
endocrine society clinical practice guideline. J Clin Endocrinol 
Metab 100(8):2807–2831. https://​doi.​org/​10.​1210/​jc.​2015-​1818

	11.	 Nieman LK, Biller BM, Findling JW, Newell-Price J, Savage MO, 
Stewart PM et al (2008) The diagnosis of Cushing’s syndrome: an 
Endocrine Society Clinical Practice Guideline. J Clin Endocrinol 
Metab 93(5):1526–1540. https://​doi.​org/​10.​1210/​jc.​2008-​0125

	12.	 Katznelson L, Laws ER Jr, Melmed S, Molitch ME, Murad MH, 
Utz A et al (2014) Acromegaly: an endocrine society clinical 

practice guideline. J Clin Endocrinol Metab 99(11):3933–3951. 
https://​doi.​org/​10.​1210/​jc.​2014-​2700

	13.	 Hasson F, Keeney S, McKenna H (2000) Research guidelines 
for the Delphi survey technique. J Adv Nurs 32(4):1008–1015

	14.	 Keeney S, Hasson F, McKenna HP (2001) A critical review of 
the Delphi technique as a research methodology for nursing. 
Int J Nurs Stud 38(2):195–200. https://​doi.​org/​10.​1016/​s0020-​
7489(00)​00044-4

	15.	 Boulkedid R, Abdoul H, Loustau M, Sibony O, Alberti C (2011) 
Using and reporting the Delphi method for selecting healthcare 
quality indicators: a systematic review. PLoS ONE 6(6):e20476. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​00204​76

	16.	 Freda PU, Beckers AM, Katznelson L, Molitch ME, Montori 
VM, Post KD et al (2011) Pituitary incidentaloma: an endocrine 
society clinical practice guideline. J Clin Endocrinol Metab 
96(4):894–904. https://​doi.​org/​10.​1210/​jc.​2010-​1048

	17.	 Langlois F, Woltjer R, Cetas JS, Fleseriu M (2018) Silent soma-
totroph pituitary adenomas: an update. Pituitary 21(2):194–202. 
https://​doi.​org/​10.​1007/​s11102-​017-​0858-y

	18.	 Fleseriu M, Hashim IA, Karavitaki N, Melmed S, Murad MH, 
Salvatori R et al (2016) Hormonal replacement in hypopituitarism 
in adults: an endocrine society clinical practice guideline. J Clin 
Endocrinol Metab 101(11):3888–3921. https://​doi.​org/​10.​1210/​
jc.​2016-​2118

	19.	 Haddad RA, Giacherio D, Barkan AL (2019) Interpretation of 
common endocrine laboratory tests: technical pitfalls, their mech-
anisms and practical considerations. Clin Diabetes Endocrinol 
5:12. https://​doi.​org/​10.​1186/​s40842-​019-​0086-7

	20.	 Schofl C, Schofl-Siegert B, Karstens JH, Bremer M, Lenarz T, 
Cuarezma JS et al (2002) Falsely low serum prolactin in two cases 
of invasive macroprolactinoma. Pituitary 5(4):261–265. https://​
doi.​org/​10.​1023/a:​10253​34001​748

	21.	 Pejman Sani M, Ebrahimpur M, Mohajeri-Tehrani MR (2018) 
Pituitary macroprolactinoma with mildly elevated serum prolac-
tin: Hook effect. Adv J Emerg Med 2(4):e49. https://​doi.​org/​10.​
22114/​AJEM.​v0i0.​84

	22.	 Petersenn S (2020) Biochemical diagnosis in prolactinomas: 
some caveats. Pituitary 23(1):9–15. https://​doi.​org/​10.​1007/​
s11102-​019-​01024-z

	23.	 Fleseriu M, Lee M, Pineyro MM, Skugor M, Reddy SK, Siraj ES 
et al (2006) Giant invasive pituitary prolactinoma with falsely low 
serum prolactin: the significance of “hook effect.” J Neurooncol 
79(1):41–43. https://​doi.​org/​10.​1007/​s11060-​005-​9108-7

	24.	 Toini A, Dolci A, Ferrante E, Verrua E, Malchiodi E, Sala E 
et al (2015) Screening for ACTH-dependent hypercortisolism in 
patients affected with pituitary incidentaloma. Eur J Endocrinol 
172(4):363–369. https://​doi.​org/​10.​1530/​EJE-​14-​0599

	25.	 Strickland BA, Shahrestani S, Briggs RG, Jackanich A, Tavakol 
S, Hurth K et al (2021) Silent corticotroph pituitary adenomas: 
clinical characteristics, long-term outcomes, and management of 
disease recurrence. J Neurosurg. https://​doi.​org/​10.​3171/​2020.​10.​
JNS20​3236

	26.	 Langlois F, Lim DST, Yedinak CG, Cetas I, McCartney S, Cetas 
J et al (2018) Predictors of silent corticotroph adenoma recur-
rence; a large retrospective single center study and systematic 
literature review. Pituitary 21(1):32–40. https://​doi.​org/​10.​1007/​
s11102-​017-​0844-4

	27.	 Yamada S, Ohyama K, Taguchi M, Takeshita A, Morita K, Takano 
K et al (2007) A study of the correlation between morphologi-
cal findings and biological activities in clinically nonfunctioning 
pituitary adenomas. Neurosurgery 61(3):580–584. https://​doi.​org/​
10.​1227/​01.​NEU.​00002​90906.​53685.​79

	28.	 Chanson P, Raverot G, Castinetti F, Cortet-Rudelli C, Galland F, 
Salenave S et al (2015) Management of clinically non-functioning 
pituitary adenoma. Ann Endocrinol (Paris) 76(3):239–247. https://​
doi.​org/​10.​1016/j.​ando.​2015.​04.​002

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMra1810772
https://doi.org/10.1056/NEJMra1810772
https://doi.org/10.1001/jama.2016.19699
https://doi.org/10.1001/jama.2016.19699
https://doi.org/10.1111/j.1365-2265.2010.03881.x
https://doi.org/10.1111/j.1365-2265.2010.03881.x
https://doi.org/10.1016/s0889-8529(05)70058-x
https://doi.org/10.1016/s0889-8529(05)70058-x
https://doi.org/10.1227/NEU.0000000000001387
https://doi.org/10.1227/NEU.0000000000001387
https://doi.org/10.1227/NEU.0000000000001392
https://doi.org/10.1227/NEU.0000000000001392
https://doi.org/10.1111/j.1365-2265.2006.02562.x
https://doi.org/10.1111/j.1365-2265.2006.02562.x
https://doi.org/10.1210/jc.2010-1692
https://doi.org/10.1210/jc.2010-1692
https://doi.org/10.1210/jc.2007-2734
https://doi.org/10.1210/jc.2015-1818
https://doi.org/10.1210/jc.2008-0125
https://doi.org/10.1210/jc.2014-2700
https://doi.org/10.1016/s0020-7489(00)00044-4
https://doi.org/10.1016/s0020-7489(00)00044-4
https://doi.org/10.1371/journal.pone.0020476
https://doi.org/10.1210/jc.2010-1048
https://doi.org/10.1007/s11102-017-0858-y
https://doi.org/10.1210/jc.2016-2118
https://doi.org/10.1210/jc.2016-2118
https://doi.org/10.1186/s40842-019-0086-7
https://doi.org/10.1023/a:1025334001748
https://doi.org/10.1023/a:1025334001748
https://doi.org/10.22114/AJEM.v0i0.84
https://doi.org/10.22114/AJEM.v0i0.84
https://doi.org/10.1007/s11102-019-01024-z
https://doi.org/10.1007/s11102-019-01024-z
https://doi.org/10.1007/s11060-005-9108-7
https://doi.org/10.1530/EJE-14-0599
https://doi.org/10.3171/2020.10.JNS203236
https://doi.org/10.3171/2020.10.JNS203236
https://doi.org/10.1007/s11102-017-0844-4
https://doi.org/10.1007/s11102-017-0844-4
https://doi.org/10.1227/01.NEU.0000290906.53685.79
https://doi.org/10.1227/01.NEU.0000290906.53685.79
https://doi.org/10.1016/j.ando.2015.04.002
https://doi.org/10.1016/j.ando.2015.04.002


73Pituitary (2022) 25:64–73	

1 3

	29.	 Beyer-Westendorf J, Bauersachs R, Hach-Wunderle V, Zotz RB, 
Rott H (2018) Sex hormones and venous thromboembolism - from 
contraception to hormone replacement therapy. Vasa 47(6):441–
450. https://​doi.​org/​10.​1024/​0301-​1526/​a0007​26

	30.	 Fleseriu M, Hoffman AR, Katznelson L, Neuroendocrine A, Pitui-
tary SC (2015) American Association of Clinical Endocrinolo-
gists and American College of Endocrinology Disease State Clini-
cal Review: management of acromegaly patients: what is the role 
of pre-operative medical therapy? Endocr Pract 21(6):668–673. 
https://​doi.​org/​10.​4158/​EP145​75.​DSCR

	31.	 Fleseriu M, Biller BMK, Freda PU, Gadelha MR, Giustina A, 
Katznelson L et al (2021) A Pituitary Society update to acro-
megaly management guidelines. Pituitary 24(1):1–13. https://​doi.​
org/​10.​1007/​s11102-​020-​01091-7

	32.	 Valassi E, Franz H, Brue T, Feelders RA, Netea-Maier R, Tsa-
garakis S et al (2018) Preoperative medical treatment in Cush-
ing’s syndrome: frequency of use and its impact on postoperative 
assessment: data from ERCUSYN. Eur J Endocrinol 178(4):399–
409. https://​doi.​org/​10.​1530/​EJE-​17-​0997

	33.	 Kim EH, Oh MC, Lee EJ, Kim SH (2012) Predicting long-term 
remission by measuring immediate postoperative growth hormone 
levels and oral glucose tolerance test in acromegaly. Neurosur-
gery 70(5):1106–1113. https://​doi.​org/​10.​1227/​NEU.​0b013​e3182​
3f5c16

	34.	 Zielinski G, Ozdarski M, Maksymowicz M, Szamotulska K, 
Witek P (2020) Prolactinomas: prognostic factors of early remis-
sion after transsphenoidal surgery. Front Endocrinol (Lausanne) 
11:439. https://​doi.​org/​10.​3389/​fendo.​2020.​00439

	35.	 Amlashi FG, Swearingen B, Faje AT, Nachtigall LB, Miller KK, 
Klibanski A et al (2015) Accuracy of late-night salivary cortisol 
in evaluating postoperative remission and recurrence in Cushing’s 
disease. J Clin Endocrinol Metab 100(10):3770–3777. https://​doi.​
org/​10.​1210/​jc.​2015-​2107

	36.	 Danet-Lamasou M, Asselineau J, Perez P, Vivot A, Nunes ML, 
Loiseau H et al (2015) Accuracy of repeated measurements of 
late-night salivary cortisol to screen for early-stage recurrence of 
Cushing’s disease following pituitary surgery. Clin Endocrinol 
(Oxf) 82(2):260–266. https://​doi.​org/​10.​1111/​cen.​12534

	37.	 Casanueva FF, Barkan AL, Buchfelder M, Klibanski A, Laws 
ER, Loeffler JS et al (2017) Criteria for the definition of Pitui-
tary Tumor Centers of Excellence (PTCOE): a Pituitary Soci-
ety Statement. Pituitary 20(5):489–498. https://​doi.​org/​10.​1007/​
s11102-​017-​0838-2

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Nicholas A. Tritos1   · Pouneh K. Fazeli2   · Ann McCormack3 · Susana M. Mallea‑Gil4 · Maria M. Pineyro5 · 
Mirjam Christ‑Crain6 · Stefano Frara7   · Artak Labadzhyan8 · Adriana G. Ioachimescu9 · Ilan Shimon10 · 
Yutaka Takahashi11 · Mark Gurnell12   · Maria Fleseriu13   · for the “Pituitary Society Delphi Collaborative Group”

	 Nicholas A. Tritos 
	 ntritos@mgh.harvard.edu

	 Pouneh K. Fazeli 
	 pkfazeli@pitt.edu

	 Ann McCormack 
	 a.mccormack@garvan.org.au

	 Susana M. Mallea‑Gil 
	 smalleagil@gmail.com

	 Maria M. Pineyro 
	 mercepin@gmail.com

	 Mirjam Christ‑Crain 
	 mirjam.christ-crain@unibas.ch

	 Stefano Frara 
	 frara.stefano@hsr.it

	 Artak Labadzhyan 
	 labadzha@gmail.com

	 Adriana G. Ioachimescu 
	 aioachi@emory.edu

	 Ilan Shimon 
	 i_shimon@netvisin.net.il

	 Yutaka Takahashi 
	 takahash@naramed-u.ac.jp

1	 Massachusetts General Hospital/Harvard Medical School, 
Boston, MA, USA

2	 University of Pittsburgh School of Medicine, Pittsburgh, PA, 
USA

3	 Garvan Institute of Medical Research, Darlinghurst, Australia
4	 Hospital Militar Central, Buenos Aires, Argentina
5	 Hospital de Clinicas, Facultad de Medicina, Universidad de 

la Republica, Montevideo, Uruguay
6	 University Hospital Basel, Basel, Switzerland
7	 Università Vita-Salute San Raffaele, Milano, Italy
8	 Cedars-Sinai Medical Center, Los Angeles, CA, USA
9	 Emory University School of Medicine, Atlanta, GA, USA
10	 Rabin Medical Center, Petah Tikva, Israel
11	 Nara Medical University, Nara, Japan
12	 Wellcome‑MRC Institute of Metabolic Science, University 

of Cambridge and NIHR Cambridge Biomedical 
Research Centre, Addenbrooke’s Hospital, Box 289, 
Cambridge CB2 0QQ, UK

13	 Oregon Health & Science University, Portland, OR, USA

https://doi.org/10.1024/0301-1526/a000726
https://doi.org/10.4158/EP14575.DSCR
https://doi.org/10.1007/s11102-020-01091-7
https://doi.org/10.1007/s11102-020-01091-7
https://doi.org/10.1530/EJE-17-0997
https://doi.org/10.1227/NEU.0b013e31823f5c16
https://doi.org/10.1227/NEU.0b013e31823f5c16
https://doi.org/10.3389/fendo.2020.00439
https://doi.org/10.1210/jc.2015-2107
https://doi.org/10.1210/jc.2015-2107
https://doi.org/10.1111/cen.12534
https://doi.org/10.1007/s11102-017-0838-2
https://doi.org/10.1007/s11102-017-0838-2
http://orcid.org/0000-0001-8867-607X
http://orcid.org/0000-0003-1731-2927
http://orcid.org/0000-0002-1308-5598
http://orcid.org/0000-0001-5745-6832
http://orcid.org/0000-0001-9284-6289

	Pituitary Society Delphi Survey: An international perspective on endocrine management of patients undergoing transsphenoidal surgery for pituitary adenomas
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	First Delphi round
	Second Delphi round
	Data analysis

	Results
	Discussion
	Acknowledgements 
	References




