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Abstract

Introduction: Patients with pituitary adenomas undergoing transsphenoidal surgery 
require pre- and post-surgery examination of pituitary hormones. There is currently no 
consensus on how to evaluate the adrenal axis post-surgery. The aims of this study were 
to investigate factors that may predict postoperative adrenal insufficiency (AI) and to 
investigate the overall effect of transsphenoidal surgery on pituitary function.
Methods: One hundred and forty-three consecutive patients who had undergone 
transsphenoidal surgery for pituitary adenomas were included. Data on tumour size, 
pituitary function pre-surgery, plasma basal cortisol measured within 48 h post-surgery 
and pituitary function 6 months post-surgery were collected. Patients with AI prior to 
surgery, perioperative glucocorticoid treatment, Cushing’s disease and no re-evaluation 
after 1 month were excluded (n = 93) in the basal cortisol analysis.
Results: Low plasma basal cortisol post-surgery, tumour size and previous pituitary 
surgery were predictors of AI (all P < 0.05). A basal cortisol cut-off concentration of  
300 nmol/L predicted AI 6 months post-surgery with sensitivity and negative predictive 
value of 100%, specificity of 81% and positive predictive value of 25%. New gonadal, 
thyroid and adrenal axis insufficiencies accounted for 2, 10 and 10%, respectively. The 
corresponding recovery rates were 17, 7 and 24%, respectively
Conclusion: Transsphenoidal surgery had an overall beneficial effect on pituitary endocrine 
function. Low basal plasma cortisol measured within 48 h after surgery, tumour size and 
previous surgery were identified as risk factors for AI. Measurement of basal cortisol post-
surgery may help to identify patients at risk of developing AI.

Introduction

Pituitary adenomas are found in almost all cases of 
benign tumours with an incidence of around 3–4 per 
100,000 and account for approximately 15% of all 
primary brain tumours (1). They are categorized into 

functioning and non-functioning adenomas depending 
on hormone secretion. Pituitary adenomas may cause 
symptoms due to mass effects for example, compression 
of the optic chiasm and visual field defects, as well as 
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compromizing pituitary function leading to various 
degrees of hypopituitarism (2). Prolactinomas are 
traditionally treated medically, while non-functioning 
pituitary adenomas (NFPAs), corticotropin-producing 
tumours and growth hormone-producing tumours are 
usually treated surgically (3, 4). Indications for surgery 
are in most of the cases ofhormone hypersecretion 
and/or visual field defects. The risk of tumour-related 
hypopituitarism seems associated with tumour size, and 
some studies have shown beneficial effects of pituitary 
surgery (5, 6, 7, 8); however, hypopituitarism is generally 
not considered an indication for pituitary surgery (9). 
Evaluation of pituitary function is crucial as part of 
proper management. All patients should be clinically and 
biochemically examined for hormone hypersecretion 
pre-surgery and hypopituitarism both before and after 
surgery. Evaluation of hypopituitarism includes clinical 
examination and assessment of pituitary hormone axes. 
Most crucial is the evaluation of adrenal function to 
secure proper treatment of adrenal insufficiency (AI) 
and to avoid an adrenal crisis. There are different ways 
to examine the adrenal axis pre-surgery, for example, 
the measurement of random spot plasma cortisol, 
measurement of cortisol after adrenocorticotropic 
hormone (ACTH) stimulation (Synacthen®-test) or 
measurement of cortisol during hypoglycaemia (insulin 
tolerance test (ITT) (4). By contrast, it is a challenge to 
evaluate the adrenal axis after pituitary surgery since the 
Synacthen®-test is unreliable in the first weeks of post-
surgery (3, 4, 10) and it is not without risk to perform ITT 
in the perioperative phase. Thus, several approaches have 
been suggested, ranging from routine use of prophylactic 
glucocorticoid treatment to glucocorticoid sparing 
regimens with close observation and only treatment in 
case of clinical signs of AI (3, 4, 11). Some studies have 
investigated that if the measurement of cortisol in the 
postoperative days might predict long-term AI (12, 
13, 14, 15, 16, 17, 18), but it is still controversial how 
to manage the hypothalamus–pituitary–adrenal axis 
postoperatively.

The primary aim of this study was to investigate 
factors that may predict postoperative AI including early 
postoperative basal plasma cortisol concentrations. 
The secondary aim was to investigate the overall 
effect of transsphenoidal surgery on the pituitary  
endocrine function by comparing the numbers of 
insufficient axis before and after transsphenoidal surgery 
in a cohort of consecutive patients treated within  
the last 2 years.

Patients and methods

Patients

Consecutive patients undergoing transsphenoidal surgery 
for functioning and NFPAs between 1 January 2018 and 
30 July 2020 were included in the study. All patients had 
surgery at the Department of Neurosurgery, Rigshospitalet, 
Copenhagen University Hospital, Denmark. The 
department of Neurosurgery receives patients from Eastern 
Denmark with 2.7 million inhabitants, corresponding 
to roughly half of the Danish population. All patients 
were operated by one of three pituitary surgeons of the 
department using neuronavigation-guided microscopic 
endonasal technique. The septal mucosa was incised 
at the level of the sphenoid rostrum, and the mucosa-
covered septum was lateralized, thereby sparing the  
nasoseptal artery.

Pre- and post-surgery hormonal assessment was mainly 
done at the Department of Biochemistry at Rigshospitalet. 
From patient's files, we collected data on age, gender, type 
and size of tumour, medical history, medication, previous 
pituitary surgery and radiation therapy, pituitary function 
pre- and post-surgery (pituitary hormone levels (thyroid-
stimulating hormone (TSH), luteinizing hormone (LH), 
follicle-stimulating hormone (FSH), growth hormone (GH) 
and prolactin) and end-organs hormone levels (results 
of Synacthen® tests, morning cortisol, free thyroxin (T4), 
testosterone and oestradiol) and outcome of examinations 
including imaging and pathology reports. Complete 
data of all pituitary axes were not available. A patient was 
included in the analyses only if at least one axis evaluation 
was available during both pre- and post-surgery.

Ethics

The study was approved by the executive committee at 
Rigshospitalet on 11 May 2020. Due to the retrospective 
design, informed consent was not obtained/required.

Preoperative evaluation

Patients were classified as adrenal insufficient if they had 
random spot plasma cortisol <100 nmol/L, and plasma 
cortisol <420 nmol/L 30 min after ACTH stimulation or 
were treated with hydrocortisone. In case if the plasma 
cortisol after Synacthen®-test was very close to the cut-off 
level, the test was repeated before the final diagnosis was 
made. Central hypothyroidism was defined as plasma 
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free T4 concentrations in the low normal range or below 
the lower normal concentration and inappropriately 
low plasma TSH; hypogonadotropic hypogonadism as 
reduced plasma total testosterone with inappropriately 
low concentrations of LH for men, and low oestradiol with 
inappropriately low levels of LH or FSH for women together 
with amenorrhoea/oligomenorrhoea for premenopausal 
women. A diagnosis of Cushing’s disease or acromegaly 
was established according to the standard criteria. We did 
not report on GH deficiency or anti-diuretic hormone 
insufficiency because only a few patients were examined 
with GH stimulation test or reported clinical signs of 
diabetes insipidus pre-surgery. The widest tumour diameter 
in any plane recorded by the MRI rapport preoperatively 
was collected. If no rapport was available, the patients were 
excluded from the analysis of tumour size.

Perioperative evaluation

To evaluate the risk of AI (excluding patients with 
Cushing’s disease), a measurement of basal plasma cortisol 
on 1st or 2nd postoperative day at 06:00 h was obtained. If 
patients had both 1st- and 2nd-day cortisol concentrations 
measured, the 2nd-day measurement was included in the 
analysis (15). Patients who had normal adrenal function 
pre-surgery started hydrocortisone treatment if basal 
cortisol post-surgery was <300 nmol/L. Patients who were 
diagnosed with AI pre-surgery or received glucocorticoids 
in the perioperative phase were excluded from the 
evaluation of the predictive role of basal plasma cortisol.

Postoperative evaluation

We aimed to include test results of 6 months post-surgery 
or as close to 6 months as possible. For the assessment of 
adrenal function by Synacthen®-test (250 μg), a minimum 
of 4 weeks between surgery and post-surgical Synacthen®-
test was required (10). Patients on hydrocortisone 
therapy paused hydrocortisone for at least 16 h before the 
Synacthen®-test was performed. Criteria for post-surgery 
deficits of the anterior pituitary axes were similar to the 
pre-surgical definitions.

Biochemical analyses

Pituitary and end-organ hormones were measured by 
validated commercially available assays. Cortisol was 
measured by the Elecsys cort2 assay (CORTII) from Roche. 
Most cortisol measurements in patients and controls were 
done using the same method and laboratory facilities. 

Normal range for plasma cortisol 30 min post ACTH 
stimulation was based on 100 healthy control subjects 
(10). The 2.5-percentile concentration for plasma cortisol 
30 min after ACTH stimulation measured by the CORTII 
assay was 420 nmol/L (19).

Statistics

Statistical analyses and data collection were performed in 
IBM SPSS statistics version 26.

Results are presented as mean (±1 s.d.) for normally 
distributed variables and as median (IQR) for non-
normally distributed variables. Assumption of normal 
distribution was assessed by histograms. Continuous 
variables were compared by independent sample t-test, 
whereas categorical data were compared by χ2-test and 
Fisher’s exact test. Age, gender, tumour size and basal 
cortisol as predictors of AI 6 months post-surgery were 
investigated by binary logistic regression. Basal cortisol 
as predictor of AI was also assessed by Fisher’s exact test 
with dichotomization of plasma cortisol with a cut-off of  
300 nmol/L. Furthermore, the sensitivity, specificity, 
positive predictive value (PPV) and negative predictive 
value (NPV) of different basal cortisol levels were 
calculated. The relationship between tumour size and 
insufficient pituitary axes pre-surgery was evaluated by 
binary logistic regression. P value < 0.05 was considered 
statistically significant.

Results

Baseline

One hundred and forty-three patients with pituitary 
adenomas (NFPAs, GH-producing tumours, prolactinomas 
and ACTH-producing tumours) were included in the 
study (Fig. 1 and Table 1). Fifty-one percent were men, and 
the mean age was 57 ± 16 years. The median tumour size 
was 28 mm (17–33). Men had larger tumours compared 
with women, 28 (23–36) vs 23 mm (15–31) (P = 0.022), 
respectively. Twelve out of 15 patients with Cushing's 
disease had a microadenoma, whereas 8/32 of acromegalic 
patients had a microadenoma (two had unknown size). 
One hundred and twenty patients had transsphenoidal 
pituitary surgery for the first time, 17 for the second time 
and 6 for the third time surgery. None of the patients had 
received radiation therapy prior to surgery. No women 
received oral contraceptives containing oestrogens or 
oestradiol substitution when the adrenal function was 
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evaluated. Indication for surgery in all patients with NFPA 
was visual field defects. Two patients with prolactinomas 
had surgery due to dopamine agonist-resistant tumours.

Pre-surgery hormonal assessment

Hypogonadotropic hypogonadism prior to surgery 
was the most common insufficiency in 95/138 (68%), 
followed by central hypothyroidism 75/135 (55%) and 
secondary AI 41/128 (32%) (Table 2). A diagnosis of AI 
pre-surgery was based on an insufficient Synacthen®-
test (n = 31), random spot cortisol below 100 nmol/L 
(n = 5) or hydrocortisone therapy (n = 5). The remaining 
patients had a sufficient adrenal axis assed by a sufficient 
Synacthen®-test (n = 61), random spot cortisol above 420 
nmol/L (n = 4) or no evidence of AI based on symptoms, 
plasma sodium concentrations and blood pressure (n = 22). 
Hypothyroidism was observed more often in patients who 
had previous surgery 17/23 (74%) vs no previous surgery 
58/112 (52%) (P = 0.04). For the other two axes, there were 
no differences between first-time surgery and previous 
surgery (Table 2).

Numbers of insufficient axes were significantly 
correlated to tumour size in surgery-naïve patients (Table 3); 

adrenal axis odds ratio (OR) 1.074 (1.024–1.27) (P = 0.003), 
thyroid axis OR 1.084 (1.038–1.131) (P < 0.001), gonadal 
axis OR 1.162 (1.096–1.232) (P < 0.001), all ORs represent 
the risk of insufficiency per 1 mm increase in tumour size.

Post-surgery hormonal assessment

Predictors of adrenal insufficiency post-surgery
In the analysis of the predictive role of plasma cortisol 
measured on 1st or 2nd post-surgical day, we excluded 
93 patients due to AI pre-surgery (n = 37), missing basal 
cortisol measurement (n = 1), perioperative treatment 
with dexamethasone as an antiemetic (n = 27), Cushing’s 
disease (n = 15) or missing evaluation of the adrenal axis 
post-surgery by Synacthen®-test (n = 13) (Fig. 1). Thus, 50 
patients were included (measurement on the 1st post-
surgical day n = 37, 2nd day n = 13). Eleven patients had 
a basal cortisol measurement on both 1st and 2nd post-
surgical days.

The median cortisol concentration on 1st or 2nd 
postoperative day was 486 (306–965 (range: 56–1520) 
nmol/L). Among the 50 patients evaluated by early basal 
plasma cortisol, three turned out to have developed 
AI when evaluated by Synacthen®-test approximately 

Figure 1
Summary of patients evaluated both pre- and 
post-surgery for each of the three investigated 
axes (adrenal axis, thyroid axis and gonad axis). 
AI, adrenal insufficiency; NFPAs, non-functioning 
pituitary adenomas; TSH, thyroid-stimulating 
hormone; LH, luteinizing hormone; FSH, 
follicle-stimulating hormone; T4, thyroxine.

Table 1 Baseline characteristics.

Total NFPA GH ACTH PRL

n 143 92 34 15 2
Age (years, s.d.) 57 (16) 61 (15) 52 (13) 43 (17) 59 and 18
Men/women 73/70 50/42 18/16 4/11 1/1
Tumour size, median (IQR), mm 28 (17 to 33) 30 (25 to 35) 15 (10 to 23) 9 (5 to 16) 42 and 36 
First surgery/previous surgery 120/23 76/16 33/1 10/5 1/1
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6 months after surgery. The diagnosis was based on 30 
min plasma cortisol levels during Synacthen®-test of 
103 nmol/L, 143 nmol/L, and 191 nmol/L, respectively. 
The three patients who developed AI had a 1st or 2nd 
postoperative day cortisol concentration of <300 nmol/L. 
The OR for developing AI was 3.4 (1.0–12.3) (P = 0.056) per 
100 nmol/L decrease in basal cortisol. Assessed by Fisher's 
exact test (cut-off 300 nmol/L), patients who developed AI 
had lower basal cortisol concentrations than patients who 
sustained an intact adrenal axis (P = 0.01). With a cut-off of 
300 nmol/L the sensitivity and NPV was 100%, specificity 
81% and PPV 25% (Table 4).

Risk of developing AI post-surgery was higher in 
patients who were previously operated compared to 
surgery-naïve patients 4/9 (44%) vs 4/73 (5%) (P = 0.04). 
Tumour size also predicted post-surgery AI, OR 1.09 (1.03–
1.15) (P = 0.005) per 1 mm increase in tumour size. There 
was no relationship between risk of developing AI and age 
(P = 0.16) or gender (P = 0.11).

Overall effects of transshpenoidal surgery
Overall, a beneficial effect of pituitary surgery on pituitary 
function (Table 5) evaluated 7.1 ± 3.1 months post-surgery 
was found, with endocrine recovery rates exceeding the 
number of new insufficiencies. Recovery rates for the 
adrenal, thyroid and gonadal axes were 8/33 (24%), 5/75 
(7%) and 16/95 (17%), respectively (Table 5), whereas 
rates of new insufficiencies were 8/82 (10%, adrenal axis), 
6/62 (10%, thyroid axis) and 1/43 (2%, gonadal axis), 
respectively (Table 5). As for the adrenal axis, tumour size 
also predicted post-surgery thyroid insufficiency, OR 1.08 
(1.03–1.12) (P < 0.001) and gonadal insufficiency OR 1.17 
(1.10–1.24) (P < 0.001), both ORs are per 1 mm increase 
in tumour size. In contrast to the adrenal axis, there was 
no association between the number of surgeries and risk 

of developing insufficiency of the thyroid (P = 0.48) or 
gonadal axes (P = 1.00).

In 78 patients, Synacthen®-test was also performed after 
1 month and in 75 patients after 3 months. After 1 month, 
five patients showed discrepant results when comparing 
results of Synacthen®-test 1 month vs 3 months, and after 3 
months, four patients showed discrepant results (3 months 
vs 6 months).

Discussion

The main result from the present study is that three risk 
factors for developing permanent AI post-surgery were 
identified: low plasma basal cortisol measured within 48 
h after transsphenoidal surgery, increased tumour size and 
previous surgery. Furthermore, in the hands of a dedicated 
pituitary surgeon, transsphenoidal surgery had an overall 
beneficial effect on pituitary function with more endocrine 
recoveries than new insufficiencies.

The dilemma when managing potential post-surgery AI 
is the low risk of AI, against the consequence of missing the 
diagnosis of AI, which might be fatal in case of an adrenal 
crisis. The strategy at Rigshospitalet until 1 January 2018 
was to perform Synacthen®-test and clinical examination 1 
week, 1 month and 3 months post-surgery, and only initiate 
hydrocortisone therapy in case of low concentrations of 
unstimulated cortisol or an insufficient Synacthen®-test 
(10). Since 2018, the measurement of basal cortisol within 
48 h after surgery has been added to the algorithm, as 
has the initiation of hydrocortisone treatment if plasma 
cortisol was <300 nmol/L. Of 50 patients evaluated by early 
basal cortisol, only three developed AI during follow-up, 
and they all had plasma basal cortisol post-surgery below 
300 nmol/L. By contrast, the majority of patients who 
remained with intact adrenal function had high basal 

Table 2 Association between insufficiency and previous surgery vs surgery-naïve.

Total insufficiencies Surgery-naïve Previous surgery P value

Adrenal axis, n = 128* 41/128 (32%) 34/110 (31%) 7/18 (39%) 0.34
Thyroid axis, n = 135 75/135 (55%) 58/112 (52%) 17/23 (74%) 0.04 
Gonadal axis, n = 138 95/138 (68%) 76/115 (66%) 19/23 (82%) 0.91

*patients with Cushing’s disease were excluded.

Table 3 Association between tumour size and insufficient axes in surgery-naïve patients.

Total 1–10 mm 11–20 mm 21–30 mm 31–40 mm >40 mm P value 

Adrenal axis, n = 103* 1/8 (13%) 2/20 (9%) 14/39 (36%) 12/31 (39%) 4/5 (80%) 0.003
Thyroid axis, n = 104 3/13 (23%) 5/20 (25%) 21/37 (57%) 21/29 (72%) 4/5 (80%) <0.001
Gonadal axis, n = 107 4/14 (29%) 7/20 (35%) 29/39 (74%) 28/30 (95%) 4/4 (100%) <0.001 

*patients with Cushing’s disease were excluded.
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cortisol levels (21/47 had basal cortisol > 600 nmol/L), 
probably reflecting post-surgical physiological stress, in 
agreement with a recently published study measuring 
basal cortisol post transsphenoidal surgery (15).

According to the study by Prencipe et  al. (15), the 
2nd-day basal cortisol was a better predictor of AI. The 
2nd-day cortisol cut-off concentration suggested in the 
manuscript was 386 nmol/L (sensitivity and NPV 100%, 
specificity 57% and PPV 26%). With only 11 patients 
having measured plasma basal cortisol concentration on 
both 1st and 2nd postoperative days in the present paper, 
data were insufficient to elucidate if the 2nd postoperative 
day was more accurate in predicting AI than the 1st day. 
Friso de Vries et  al. suggested a serum cortisol cut-off of 
220 nmol/L (2nd or 3rd postoperative day, sensitivity 
86%, specificity 92%, PPV 76%, NPV 95%) (18), whereas 
Jayasena et  al. proposed a 5th-day serum cortisol cut-off 
cortisol of 392 nmol/L (sensitivity 100%, specificity 46%, 
PPV 76%) (14). Several other studies have shown that 
basal cortisol concentrations < 111 nmol/L were strong 
predictors of permanent AI (13, 14, 16, 17). In addition to 
basal cortisol, we identified tumour size as a risk factor for 
developing AI. Finally, previous pituitary surgery was also 
a risk factor for developing AI. Only 5% of surgery-naïve 
patients developed AI compared to almost 50% of patients 
having previous surgery. Gerges et  al. (20) also found an 

increased risk of developing anterior pituitary dysfunction 
after reoperations (n = 19); however, it was not specific for 
the adrenal axis as seen in the present study. By contrast, 
Chang et al. did not find a worsening of endocrine function 
in any patient undergoing repeated transsphenoidal 
surgery (n = 81) (21). In a subgroup, the adrenal function 
was also evaluated by Synacthen®-test on 1 and 3 months 
post-surgery. Most patients had concordant results when 
comparing 30 min plasma cortisol with the result after 
6 months, but around 5% showed discrepant results, 
supporting that Synacthen®-test may not be fully reliable 
in the first weeks/months after surgery.

Taken together, despite the increasing amount of data, 
there is still controversy concerning how best to manage 
the adrenal axis after pituitary surgery. Our results, as well 
as others (12, 13, 14, 15, 16, 17, 18), support that the vast 
majority of patients developing AI post-surgery can be 
identified by measuring basal cortisol, although the results 
from the present study were based on very few cases. In 
our study, AI was a rare complication to transsphenoidal 
surgery, which resulted in a relatively low PPV, despite a 
high specificity. Nine out of 47 patients with normal adrenal 
function post-surgery may have received unnecessary 
hydrocortisone initiated by the measurement of low basal 
cortisol. However, by measuring basal cortisol, the majority 
of patients with intact adrenal axis may avoid needless 

Table 4 Association between basal cortisol and adrenal axis 6 months post-surgery.

Basal cortisol 
concentration (nmol/L)

 
Sufficient

 
Insufficient

 
Total

 
Cut-off limits (nmol/L)

 
Specificity (%)

 
Sensitivity (%)

 
NPV (%)

 
PPV (%)

0–99 2 2 4 100 96 67 98 50
100–199 2 0 2 200 92 67 98 33
200–299 5 1 6 300 81 100 100 25
300–399 9 0 9 400 62 100 100 14
400–499 4 0 4 500 53 100 100 12
500–599 4 0 4 600 45 100 100 10
≧600 21 0 21
Total 47 3 50

Table 5 Endocrine outcomes of transsphenoidal surgery including the comparison of first surgery vs previous surgery.

Pre- vs post-surgery
Sufficient pre- and 

post-surgery (%)
New 

insufficiencies (%)
Insufficient pre- and 

post-surgery (%) Recoveries (%)

Adrenal axis,n = 115* Total, n = 115 74/82 (90) 8/82 (10) 25/33 (76) 8/33 (24)
First surgery n = 101 69/73 (95) 4/73 (5) 20/28 (71) 8/28 (29)
Previous surgery n = 14 5/9 (56) 4/9 (44) 5/5 (100) 0/5 (0)

Thyroid axis, n = 135 Total, n=135 54/60 (90) 6/60 (10) 70/75 (93) 5/75 (7)
First surgery n = 112 49/54 (91) 5/54 (9) 53/58 (91) 5/58 (9)
Previous surgery n = 23 5/6 (83) 1/6 (17) 17/17 (100) 0/17 (0)

Gonadal axis, n = 138 
 

Total, n = 138 42/43 (98) 1/43 (2) 79/95 (83) 16/95 (17)
First surgery n = 115 38/39 (97) 1/39 (3) 61/76 (80) 15/76 (20)
Previous surgery n = 23 4/4 (100) 0/4 (0) 18/19 (95) 1/19 (5)

*patients with Cushing’s disease were excluded.
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treatment with glucocorticoids. It should be emphasized 
that a few weeks of treatment of an intact adrenal axis with 
glucocorticoids is well known to cause iatrogenic AI (22, 
23) with a need for long-term replacement and risk of side 
effects. It cannot be excluded that pain killers (including 
opioids) and patients still at sleep may have given rise to 
inappropriately low levels of cortisol measured the 1st post-
surgical day thereby contributing to false-positive results.

The proportion of patients with pituitary 
insufficiencies prior to surgery were in accordance with 
what has previously been reported with hypogonadotropic 
hypogonadism as the most common insufficiency, 
followed by central hypothyroidism and secondary AI (20, 
24). In addition, a strong relationship between tumour size 
and numbers of insufficiencies was confirmed with a low 
risk of insufficiency by tumours <20 mm, and a high risk 
of insufficiency of all three axes by tumours >40 mm (25, 
26). The GH axis is considered the most vulnerable axis, 
but evaluation of GH secretion was not possible since GH 
stimulation tests were not performed immediately pre- nor 
post-surgery.

In general, transsphenoidal surgery is considered a 
safe procedure with very low morbidity and mortality (5, 
8). This was also the case in our cohort with no reported 
deaths within the first 30 postoperative days (data not 
shown). Furthermore, an overall beneficial effect on 
pituitary hormone secretion was found. The maximum 
number of post-surgery new insufficiencies per axis 
was 10% which is in accordance with previous papers 
reporting data on deterioration of pituitary function 
(20, 21, 24, 27). Analogous to other studies, we identified 
tumour size as a predictor of post-surgery insufficiency 
for the three investigated pituitary axis (6, 26, 27). In our 
study, the adrenal axis had the highest recovery rate (24%). 
In a meta-analysis from 2010 Murad et  al. (5) found an 
overall pituitary function improvement of 30% (n = 714) 
after pituitary surgery. However, since we report recovery 
rates and not only the improvement, the results are not 
fully comparable. In more recent studies, recovery rates 
of adrenal function similar to what we found have been 
reported (24, 27).

One of the strengths of the present study was the 
systematic follow-up at our department with regular 
Synacthen®-tests and close observation of all patients. 
Another strength was the establishment of a normal range 
for plasma cortisol 30 min after ACTH stimulation in our 
laboratory, and that the majority of cortisol measurements 
in patients were done by the same method and laboratory 
facilities. An indisputable limitation of the study is that 
there were few cases of AI in the subgroup of patients who 

had early basal cortisol concentrations measured. Therefore, 
the proposed cut-off for the initiation of hydrocortisone 
replacement should be taken with caution. Moreover, in 
a minority of patients, classification of adrenal function 
pre-surgery was not based on formal testing. Finally, it has 
been suggested that recovery of pituitary function may 
occur more than 6 months post-surgery, and, therefore, it 
cannot be excluded that more endocrine recoveries could 
have been observed with a longer follow-up (24).

In conclusion, the development of permanent AI 
after transsphenoidal surgery is a rare phenomenon, 
in our opinion not justifying routine prophylactic 
hydrocortisone treatment. Low 06:00 h plasma basal 
cortisol measured within 48 h, increased tumour size and 
previous surgery were identified as possible risk factors 
for developing permanent AI post-surgery. Measurement 
of basal cortisol after pituitary surgery may predict overt 
AI, thereby securing vital glucocorticoid therapy and 
at the same time avoiding unnecessary glucocorticoid 
treatment in patients with an intact adrenal axis. A basal 
post-surgery plasma cortisol cut-off around 300 nmol/L 
was suggested but will eventually depend on the actual 
method for cortisol measurement (19), and the result 
needs confirmation from additional prospective studies. 
Finally, our study shows that transsphenoidal surgery had 
an overall beneficial effect on pituitary function.
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