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ABSTRACT 

Background: To observe the changes in the HPA axis postoperatively in those patients who 

underwent trans-sphenoidal excision of the pituitary adenomas with a normal preoperative HPA 

axis. Settings and Design: 61 patients presenting with pituitary adenomas with a preoperative 

normal HPA axis were chosen and were not given the routine perioperative steroid cover and 

their serum cortisol levels were assessed after undergoing transsphenoidal surgery with 

intraoperative preservation of the normal gland. 

Methods: Basal early morning (8 am) serum cortisol estimation using a Cortisol ELISA Kit, 

before and after undergoing transsphenoidal surgery. Synacthen test was used to assess the HPA 

axis for patients with a preoperative serum cortisol level between 3.6- 16 mcg/dl. Statistical 

analysis used: SPSS statistical software programme was used for analysis.  ‘p’ value   <  0.05 

was considered as statistically significant. 

Results: The mean serum cortisol levels preoperatively and on the postoperative days 1, 2 and 3 

were analysed. The pituitary gland was preserved in all 61 patients intraoperatively. It was found 

that there was significant difference between the mean preoperative cortisol and mean cortisol on 

day 1 (p=0.04) suggesting a definite cortisol surge in the immediate postoperative period by 

55.7%.  Post-operatively, 19 patients (31%) required steroids, out of which 16 of them developed 

hyponatremia, 2 had a low serum cortisol level< 3.6 mcg/dl and 1 developed symptoms of 

hypocortisolemia, hence given steroids postoperatively. 

Conclusion: It was observed that there was a 55.7% surge in serum cortisol in the immediate 

postoperative period. The true incidence of  postoperative hypocortisolemia was 8% (5/61 

patients).. 

Keywords: Serum cortisol - pituitary adenoma patients - transsphenoidal surgery-

Synacthen test 

 

INTRODUCTION 

Transsphenoidal surgery for pituitary adenomas is the favoured approach for the surgical 

management of these tumours. Conventionally glucocorticoids are administered perioperatively 

to all patients undergoing transsphenoidal pituitary surgery under the presumption that there is a 

temporary dysfunction of the pituitary gland
1
 during surgery. 

 

Hypothalamo pituitary adrenal axis (HPA) 
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The main components of the HPA axis are the para-ventricular nucleus of the hypothalamus 

which contains neuro-endocrine neurons that synthesize and secrete vasopressin and 

corticotropin-releasing hormone (CRH). The corticotrophin releasing hormone and vasopressin 

both stimulate the secretion of adrenocorticotropic hormone (ACTH). ACTH in turn acts on the 

adrenal cortices, which produce the glucocorticoid hormones. The glucocorticoids in turn act on 

the hypothalamus and pituitary (to suppress CRH and ACTH production) in a negative feedback 

cycle.2,3 

Hence in a patient with a pituitary adenoma, there is dysfunction at the level of the pituitary 

gland with a decreased secretion of the ACTH and a low serum cortisol due to a decreased 

release from the adrenal gland. In some patients, the adrenal reserve of cortisol is still maintained 

responding to exogenous ACTH. This is done in a Synacthen test which involves administration 

of synthetic ACTH intravenously and the serum cortisol assessed one hour later. This test can be 

done at anytime during the day and helps to identify patients who can still manage to produce an 

appropriate surge of cortisol during surgery.  

In a study by Cozzi et al including 72 patients undergoing transsphenoidal resection of non- 

functioning pituitary adenomas, 14 patients (19.4%) had hypocortisolemia pre-operatively as 

defined by an 8am serum cortisol level less than 8 mcg/dl and they were given perioperative 

steroids.
4
 Since a definitive test such as Synacthen or an Insulin tolerance test was not done 

preoperatively in this study the incidence of preoperative hypocortisolemia might have been 

underestimated. Hence the requirement of a standard test to identify patients with a normal HPA 

axis is required. In one of the studies by Oelkers et al
5
, 13 out of 57 (22.8%) patients had an 

abnormal response to the short Synacthen test and 14 of 57(24.56%) patients had an abnormal 

response using the Insulin hypoglycaemia test. 

The Insulin tolerance test was considered the gold standard6to assess the HPA axis but the 

Synacthen test has become popular as it can be done easily on an outpatient basis and is equally 

reliable.7,8The insulin tolerance test carries a risk of hypoglycaemia and requires inpatient 

observation for the same. It also requires an assessment of the renal function. Though it remains 

the gold standard to assess the HPA axis, the short Synacthen test is preferred in view of 

convenience.8,9 

The Synacthen Test  

Patients with 8 am serum cortisol between 3.6-16 mcg/dl underwent a Synacthen test to assess 

the adequacy of the HPA axis. The Synacthen test involved administration of 1ml (250 mcg) of 

synthetic ACTH intravenously and serum cortisol was measured one hour following the 

injection. If the serum cortisol levels increased to greater than 20 mcg/dl, these patients were 

considered to have a normal HPA axis and did not receive steroid cover during surgery.  If the 

serum cortisol level remianed <20 mcg/dl the HPA axis was considered to be abnormal and the 

patient received perioperative steroids. 

Our experience is that it is possible to identify and preserve the normal adenohypophysis during 

transsphenoidal pituitary surgery.
10

 It is debatable whether perioperative steroid supplementation 

is required when the preoperative cortisol levels are normal 11,12,13.  It has been noticed that there is 

an intraoperative surge of serum cortisol levels in those patients with preoperative normal HPA 

axis, probably an appropriate response to the stress of surgery14. 

If the normal gland is preserved by the surgeon, it may be possible to withhold steroids in 

patients with a preoperative normal HPA axis. This is supported by studies10which show that 

normal gland is usually compressed to the periphery of the tumor and an intracapsular dissection 
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might help preserve normal gland during surgery. Though extra capsular dissection offers a 

better surgical cure, normal gland is preserved with intracapsular dissection 

A prolonged postoperative course of steroids also might suppress the adrenal function that will 

mask a potential recovery of the HPA axis function and also making the postoperative assessment 

of the HPA axis difficult in those patients who receive supra-physiological doses of 

steroids.
15

Recently, trials have shown that reduction in the dose of postoperative steroid 

supplementation is safe and beneficial.
10 

In this study, we identified those patients with a normal pituitary adrenal axis from preoperative 

serum cortisol levels and a positive Synacthen test and withheld steroids for these patients 

perioperatively. These patients were monitored closely in the postoperative period both clinically 

and with daily serum cortisol and electrolytes estimations for 3 days. 

 

MATERIALS AND METHODS 

This was a prospective study that included 61 patients who underwent transsphenoidal surgery 

for pituitary adenomas between June 2020-December 2021 with age <60 years, posted for 

surgery in the Dept of Neurosurgery, Govt Dharmapuri Medical College. The HPA axis before 

surgery was assessed based on the protocol as laid down in the guidelines for perioperative 

steroid replacement by Inder et al16. Based on this protocol  patients with 8 am serum cortisol 

greater than 16 mcg/dl were considered to have a normal HPA axis and did not receive steroid 

cover during surgery. All patients with preoperative cortisol levels less than 3.6 mcg/dl were 

excluded from the study. Patients with a serum cortisol between 3.6-16 mcg/dl underwent a 

Synacthen test and were not given perioperative steroid cover if their HPA axis was normal as 

determined by this test (rise in cortisol to more than 20 mcg/dl). 

If the surgeon was unable to recognize or preserve the adenohypophysis at surgery the patient 

was given steroid cover postoperatively irrespective of the preoperative integrity of the HPA 

axis. For the first 3 days after surgery, a serum 8AM cortisol and twice daily serum sodium 

estimations were done. Postoperatively, the patients were monitored for symptoms of 

hypocortisolism in the ICU and ward such as nausea, vomiting and tiredness/lethargy. A random 

cortisol was done whenever hypocortisolism was clinically suspected. Injection hydrocortisone 

was given if any serum cortisol value was <3.6 mcg/dl. In addition those patients who 

complained of nausea, vomiting or tiredness had an immediate serum sodium and a cortisol 

sample drawn and Injection Hydrocortisone was given immediately. Subsequently if the cortisol 

levels were normal but the sodium value was < 130 mEq/L, the patient was treated as for 

hyponatremia without continuing steroids. 

 
RESULT 

 

The mean serum cortisol levels preoperatively and on the postoperative days 1,2 and 3 as well as 

at follow up are shown in Figure 1. The mean preoperative 8am serum cortisol value was 14.77 

mcg/dl with a standard deviation (SD) of 6.72. The mean / SD values for the postoperative 

cortisol levels on days 1,2 and 3 for all the 61 patients were 23.00 / 13.79, 15.68/ 16.38 and 

14.96 / 7.32 mcg/dl respectively. It was found there was significant difference between the mean 

preoperative cortisol and mean cortisol on day 1 (p=0.04) suggesting a definite cortisol surge in 

the immediate postoperative period by 55.7% compared to the preoperative cortisol. The 

maximum surge of cortisol noticed among the 61 patients was 111%. 
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Among the 61 patients, 42 patients (69%) did not have any problem postoperatively and their 

cortisol levels also remained normal during the first 3 days and were followed up after 3-6 

months without steroids. The remaining 19 patients (31%) required steroids. Sixteen of them 

developed hyponatremia and hence were given steroids. Of the remaining 3 patients, two had a 

low serum cortisol level, one with a cortisol value 1.88 mcg/dl on day 1 and another with a 

cortisol value 1.36 mcg/dl on day 2 after surgery and hence were given steroids.  One patient 

developed generalized tiredness and vomiting on Day 3 after surgery with a cortisol level of 9.02 

mcg/dl and had no hyponatremia and given steroids. The mean serum cortisol value for the 16 

patients who developed hyponatremia (Fig 2) were 19.84, 12.36 and 9.20 mcg/dl respectively on 

days 1, 2 and 3.   

Of the 19 patients who required steroids, 16 patients had developed hyponatremia, 11 patients 

showed symptoms of hypocortisolemia and 5 patients had a serum cortisol < 3.6 mcg/dl 

considered as definite hypocortisolemia.  

This accounts for the overlap of the number of patients described as a bar graph in Fig2 
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DISCUSSION 

The conventional protocol has been to administer high dose steroid cover in the perioperative 

period for patients undergoing transsphenoidal resection of pituitary adenomas.
1
Udelsman et al

17
 

had earlier proved that supra-physiological doses of steroids did not offer any significant advantage 

during the surgical stress in adrenalectomised primates. In a study by Nicholas et al
18

 it was shown 

that a normal immediate postoperative HPA axis would be able to identify patients who will have 

normal HPA axis function at follow up later. The ability of immediate postoperative cortisol levels 

>15 mcg/dl (done 60-80 minutes after the surgery) to predict normal HPA axis function in future 

was assessed by standard analytical methods with a sensitivity of 98% and a positive predictive 

value of 99%.  

In another study, the cortisol level on the morning after surgery in 83 patients undergoing 

transsphenoidal resection of pituitary adenomas were done and demonstrated that levels  15 g/dl 

are predictive of normal long-term HPA function assessed by a definitive test done 1-3 months later. This 

estimation of morning cortisol had a sensitivity of 80.5%, specificity of 66.7% and a positive 

predictive value of 96.9%
19

 for assessment of HPA axis on a the long term. 

Our findings indicate that 42 out of the 61(69%) patients in whom steroids were withheld 

perioperatively did not have any problems postoperatively and subsequently at follow up. 

Nineteen patients required perioperative steroids either due to clinical symptoms,11 patients 

(58%), hyponatremia, 16 patients (84%) or a serum cortisol<3.6 mcg/dl, 5 patients (26%). (. Five 

of the 19 patients had definite hypocortisolemia with a cortisol < 3.6 mcg/dl of which 3 

developed symptoms and 2 were asymptomatic. 8 other patients had a serum cortisol < 16 

mcg/dl but > 3.6 mcg/dl of which 5 patients were symptomatic and also had hyponatremia, 2 had 
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hyponatremia alone and one patient had become symptomatic but no hyponatremia. The 2 

patients who had a low serum cortisol alone < 3.6 mcg/dl had their tumor size 2cm and 5 cm 

respectively. Hence the incidence of true hypocortisolemia would include the 5 patients who had 

a serum cortisol level < 3.6mcg/dl and also the 8 patients who had either developed 

hyponatremia or clinical features of hypocortisolism with a serum cortisol< 16 mcg/dl. This 

would amount to a true incidence of 13 patients(21%). Hence the possibilities considered for the 

hypocortisolemia in these patients postoperatively could be either inadequate preservation of the 

adenohypophysis or an infarction of the gland postoperatively. The remaining 6 of the 19 

patients who had hyponatremia with or without symptoms were able to produce a good cortisol 

response> 16 mcg/dl and might have benefitted from an evaluation for other causes of 

hyponatremia as SIADH or a cerebral salt wasting syndrome. 

The true incidence of hypocortisolemia from our study was 21% (13 patients) including those 

who had a definite low serum cortisol<3.6 mcg/dl(5 patients) and those 8 patients with a 

cortisol<16 mcg/dl but with hyponatremia or became symptomatic. Hence the remaining 6 of 19 

patients who required steroids postoperatively with hyponatremia could have been evaluated for 

other causes and long term steroids prevented. 

 

CONCLUSION 

It was observed that there was a 55.7% surge in serum cortisol in the immediate postoperative 

period. The true incidence of  postoperative hypocortisolemia was 8% (5/61 patients). 
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