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OBJECTIVE In this double-blind randomized trial, the necessity of preoperative steroid administration in patients without 
adrenal insufficiency (AI) undergoing endoscopic transsphenoidal surgery (ETSS) for pituitary adenoma was evaluated.
METHODS Forty patients with and without AI, defined as a peak cortisol level > 18 µg/dl on the insulin tolerance test or 
rapid adrenocorticotropic hormone (ACTH) test, undergoing ETSS for nonfunctioning pituitary adenomas were randomly 
allocated to treatment with either 100 mg of preoperative hydrocortisone (group HC, n = 20) or normal saline (group C, n 
= 20). The patients with pituitary apoplexy, the use of a drug within the last 3 months that could affect the hypothalamic-
pituitary-adrenal axis, or a previous history of brain or adrenal surgery were excluded. Intraoperative cortisol and ACTH 
levels were measured after anesthesia induction, dura incision, and tumor removal, and at the end of surgery. Intraop-
erative hypotension, early postoperative AI, and postoperative 3-month pituitary function were investigated.
RESULTS Intraoperative serum cortisol levels were significantly higher in the HC group than in the C group after anes-
thesia induction (median 69.0 µg/dl [IQR 62.2–89.6 µg/dl] vs 12.7 µg/dl [IQR 8.4–18.2 µg/dl], median difference 57.5 µg/
dl [95% CI 33.0–172.9 µg/dl]), after dura incision (median 53.2 µg/dl [IQR 44.9–63.8 µg/dl] vs 6.4 [IQR 4.8–9.2 µg/dl], 
median difference 46.6 µg/dl [95% CI 13.3–89.2 µg/dl]), after tumor removal (median 49.5 µg/dl [IQR 43.6–62.4 µg/dl] 
vs 9.2 µg/dl [IQR 5.75–16.7 µg/dl], median difference 39.4 µg/dl [95% CI 0.3–78.1 µg/dl]), and at the end of surgery (me-
dian 46.9 µg/dl [IQR 40.1–63.4 µg/dl] vs 16.9 µg/dl [IQR 12.1–23.2 µg/dl], median difference 32.2 µg/dl [95% CI −42.0 
to 228.1 µg/dl]). Serum ACTH levels were significantly lower in group HC than in group C after anesthesia induction (me-
dian 3.9 pmol/L [IQR 1.7–5.2 pmol/L] vs 6.9 pmol/L [IQR 3.9–11.9 pmol/L], p = 0.007). No patient showed intraoperative 
hypotension due to AI. Early postoperative AI was observed in 3 and 5 patients in groups HC and C, respectively. The 
postoperative 3-month pituitary hormone outcomes including ACTH deficiency were not different between groups.
CONCLUSIONS Preoperative steroid administration may be unnecessary in patients without AI undergoing ETSS for 
nonfunctioning pituitary adenomas. However, a further large-scale study is needed to determine whether preoperative 
steroid administration has a significant impact on clinically meaningful events such as perioperative AI and postoperative 
3-month ACTH deficiency in these patients.
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Surgical stimuli provoke the neuroendocrine stress 
response by activating both the hypothalamic-pitu-
itary-adrenal (HPA) axis and sympathetic nervous 

system, resulting in significantly increased serum adre-
nocorticotropic hormone (ACTH), cortisol, and catechol-
amine levels.11,20,21 Specifically, in patients undergoing 
endoscopic transsphenoidal surgery (ETSS) for pituitary 
adenoma, the neuroendocrine stress response can be com-
plicated by various factors: 1) the pituitary tumor can af-
fect the HPA axis function directly by secreting pituitary 
hormones and indirectly by suppressing the gland and 
stalk due to the mass effect; 2) direct surgical manipula-
tion of the pituitary gland as well as intraoperative reloca-
tion of the gland due to decompression of the mass; 3) 
steroids administered preoperatively may affect the stress 
response via negative feedback mechanisms.

Regarding perioperative steroid administration in pa-
tients undergoing ETSS for nonfunctioning pituitary ad-
enoma (NFPA), preoperative steroid replacement for pa-
tients with a compromised HPA axis can be necessary to 
prevent potential problems associated with acute adrenal 
insufficiency (AI) due to an impaired cortisol stress re-
sponse to surgical stimuli.22,29 However, whether preopera-
tive steroid administration is necessary for patients with an 
intact HPA axis remains controversial.6,13,25–27,31 Although 
numerous previous studies did not suggest preoperative 
steroid administration for patients with an intact HPA axis, 
their suggestion was based on evidence obtained from 
mostly retrospective and a few prospective observational 
studies, in which serum cortisol levels were measured in 
the immediate or early postoperative period.3,6, 13, 26, 27, 30,31 
To date, no study has been conducted to investigate an 
association between intraoperative clinical signs (i.e., hy-
potension) due to AI and serum cortisol levels in patients 
undergoing ETSS. As a result, preoperative steroid admin-
istration is still used in some hospitals in clinical practice 
due to concerns regarding intraoperative hemodynamic 
instability and postoperative AI. However, this practice in 
patients undergoing ETSS renders postoperative interpre-
tation of the HPA axis function difficult. In addition, pre-
operative steroid replacement therapy is associated with 
various adverse effects, such as increased osteopenia, de-
layed vasopressin release in response to increased plasma 
osmolality, and increased postoperative mortality.23,24, 28,32

In this study we investigated whether preoperative ste-
roid administration is necessary for patients without AI 
undergoing ETSS for NFPA resection. Intraoperative cor-
tisol levels (the primary outcome measure), intraoperative 
ACTH and glucose levels, and the incidences of intraop-
erative hypotension, early postoperative AI, postoperative 
complications, and postoperative 3-month pituitary hor-
mone deficiency were compared between patients with and 
without preoperative steroids without AI. We hypothesized 
that preoperative steroids in patients without AI undergo-
ing ETSS for NFPA would cause a significant, but unnec-
essary, increase in intraoperative cortisol concentrations.

Methods
Study Population

The present study was approved by the IRB of Seoul 

National University Hospital and registered at the Nation-
al Clinical Trial Registry (clinical trial no. KCT0002426; 
https://cris.nih.go.kr/cris/). Written informed consent was 
obtained from all study participants. Patients 20–80 years 
old with an NFPA scheduled for ETSS at 8 am in Seoul 
National University Hospital from September 2017 to 
October 2018 were enrolled in the present study. Among 
them, patients without preoperative AI, which was defined 
as a peak cortisol level > 18 µg/dl on the insulin tolerance 
test or rapid ACTH test, were included. The exclusion cri-
teria were pituitary apoplexy, the use of a drug within the 
last 3 months that could affect the HPA axis (such as oral 
pills, etomidate, ketoconazole, metyrapone, mitotane, ty-
rosine kinase inhibitors, megestrol, and anticoagulants), or 
a previous history of brain or adrenal surgery.

Patients were randomly assigned to the steroid group 
(HC group) or the placebo group (C group) using a com-
puter-generated 1-to-1 random allocation table with a 
block size of 4 and 6 generated by a research assistant who 
did not otherwise participate in the study. The allocation 
order was concealed in an opaque envelope and was dis-
closed 1 hour before anesthesia induction by a neurosur-
gical nurse who did not participate in the overall care of 
patients. Thirty minutes before anesthesia induction, 100 
mg of hydrocortisone mixed with 100 ml of normal saline 
was administered intravenously in group HC, and 100 ml 
of normal saline was administered to patients in group C. 
In both groups, the saline bag did not have any label show-
ing drug information and only had the “study drug” label. 
All treatments, except preoperative steroid administration, 
were the same in both groups. All neurosurgeons, anes-
thesiologists, intensivists, and patients were blinded to the 
groups.

Intraoperative and Postoperative Management
Patients were admitted to the operating room without 

any premedication except for the study drug, and standard 
monitors (electrocardiogram, noninvasive blood pressure, 
peripheral oxygen saturation) were attached. Anesthesia 
was induced and maintained using the target-controlled 
infusion of propofol and remifentanil. To facilitate trache-
al intubation, rocuronium (0.6 mg/kg) was administered. 
A 20-gauge catheter was inserted into the radial artery 
for continuous blood pressure monitoring. If unexplain-
able intraoperative hypotension refractory to vasopressor 
or fluid administration persisted for 10 minutes, serum 
cortisol and ACTH concentrations were evaluated for bio-
chemical confirmation of AI, and 100 mg of hydrocorti-
sone was intravenously administered regardless of the test 
results. Patients who transiently received steroids for the 
treatment of cerebral edema, airway edema, severe nau-
sea, or vomiting during and immediately after the surgery 
were recorded and excluded from the statistical analysis. 
Ramosetron (0.3 mg) and fentanyl (1 µg/kg) were given to 
all patients 5 minutes before the end of surgery to prevent 
postoperative nausea and vomiting (PONV) and reduce 
postoperative pain, respectively. After surgery, patients 
were transferred to the intensive care unit (ICU) without 
emergence after we examined an immediate postoperative 
brain CT scan.
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Data Collection
Serum cortisol, ACTH, and glucose concentrations 

were measured intraoperatively at four time points: af-
ter anesthesia induction, after dura incision, after tumor 
removal, and at the end of surgery. In addition, serum 
morning cortisol levels were measured on postoperative 
days 1–3. Serum cortisol and ACTH concentrations were 
measured by radioimmunoassay and immunoradiometric 
assay, respectively. The incidence and duration of hypoten-
sion (systolic blood pressure [SBP] < 80 mm Hg), tachy-
cardia (heart rate [HR] > 120 bpm), and bradycardia (HR 
< 40 bpm) were recorded during surgery and the ICU stay. 
In addition, hyponatremia and PONV were recorded. The 
presence of postoperative complications including CNS in-
fection, CSF leakage, hemorrhage, hydrocephalus, delayed 
hyponatremia, and diabetes insipidus was also recorded.

In all patients, a follow-up pituitary function test was 
performed to evaluate the neuroendocrine functional out-
come at 3 months after surgery. Specifically, the insulin 
tolerance test or rapid ACTH stimulation test was per-
formed to evaluate ACTH deficiency.

In this study, the primary outcome measure was intra-
operative serum cortisol levels. Secondary outcome mea-
sures were intraoperative ACTH and glucose levels and 
the incidences of intraoperative hypotension, early postop-
erative AI, postoperative complications, and postoperative 
3-month pituitary hormone deficiency.

Definition of Pituitary Hormone Deficiency
Early AI was defined as a serum morning cortisol con-

centration < 5 µg/dl on postoperative days 1–3.14 ACTH 
deficiency was defined as serum cortisol < 18 µg/dl in the 
insulin tolerance test or rapid ACTH stimulation test. Thy-
roid-stimulating hormone (TSH) deficiency was defined as 
serum free thyroxine level < 0.7 ng/dl with a low to normal 
TSH level. Growth hormone (GH) deficiency was defined 
as peak GH < 3 ng/ml in the insulin-induced stimulation 
test or as insulin-like growth factor-1 < 76 ng/ml, combined 
with concurrent deficiencies of ACTH, TSH, and gonado-
tropin (GN). GN deficiency was defined as testosterone < 
2.7 ng/ml in men. For women, GN deficiency was defined 
as the presence of menstrual disorders in premenopausal 
patients and as follicle-stimulating hormone < 30 mIU/ml 
and estradiol > 50 pg/ml in postmenopausal patients.

Sample Size Calculation
In a retrospective review of 18 patients without preop-

erative AI who received ETSS at 8 am for NFPA at our 
institution, the mean cortisol level (± standard deviation) 
measured immediately after surgery was 52.0 ± 16.2 µg/
dl. In this study, assuming a meaningful difference in the 
cortisol level between the groups of 40% (20.8 µg/dl), at 
least 19 patients were necessary per group when the alpha 
value with Bonferroni correction and power were set to 
0.0125 (0.05/4) and 0.9, respectively. Considering a drop-
out rate of 10%, 21 patients in each group (total 42 pa-
tients) were required.

Statistical Analysis
Serum cortisol, ACTH, and glucose levels were com-

pared using repeated-measures ANOVA followed by the 
Student t-test or Mann-Whitney U-test with Bonferroni 
correction based on the normality test results. Other con-
tinuous variables were also compared using the Student 
t-test or Mann-Whitney U-test. Categorical variables such 
as the number of patients with intraoperative hypotension 
or early postoperative AI and the incidence of postoper-
ative complications and postoperative 3-month pituitary 
hormone deficiency were analyzed using the chi-square 
or Fisher’s exact tests. All data are expressed as means 
(standard deviation) for normally distributed continuous 
variables, medians (IQR) for nonnormally distributed 
variables, and numbers (percentage) for categorical vari-
ables. Statistical analysis was performed using IBM SPSS 
software (version 25, IBM Corp.).

Results
From September 2017 to October 2018, 47 patients 

without AI scheduled for ETSS at 8 am for removal of 
an NFPA were enrolled. Among these patients, 5 patients 
were excluded due to preoperative use of steroids, refusal 
of informed consent, and a history of previous craniotomy 
(Fig. 1). The remaining 42 patients were randomized. Two 
patients were additionally excluded from the data analy-
sis due to withdrawal of informed consent and change in 
the operating schedule. The final analysis included 40 pa-
tients. The general characteristics, tumor-related variables, 
preoperative pituitary hormonal status, and surgical vari-
ables did not significantly differ between the two groups 
(Table 1).

Intraoperative serum cortisol levels showed a signifi-
cant time–group interaction between the two groups in 
repeated-measures ANOVA (p < 0.001). The serum cor-
tisol level was significantly higher in the HC group than 
in the C group after anesthesia induction (median 69.0 µg/
dl [IQR 62.2–89.6 µg/dl] vs 12.7 µg/dl [8.4–18.2 µg/dl]; 
median difference 57.5 µg/dl [95% CI 33.0–172.9 µg/dl]), 
after dura incision (median 53.2 µg/dl [IQR 44.9–63.8 µg/
dl] vs 6.4 µg/dl [IQR 4.8–9.2 µg/dl]; median difference 
46.6 µg/dl [95% CI 13.3–89.2 µg/dl]), after tumor removal 
(median 49.5 µg/dl [IQR 43.6–62.4 µg/dl] vs 9.2 µg/dl 
[IQR 5.75–16.7 µg/dl]; median difference 39.4 µg/dl [95% 
CI 0.3–78.1 µg/dl]), and at the end of surgery (median 46.9 
µg/dl [IQR 40.1–63.4 µg/dl] vs 16.9 µg/dl [IQR 12.1–23.2 
µg/dl]; median difference 32.2 µg/dl [95% CI −42.0 to 
228.1 µg/dl]; Fig. 2). There was no correlation between to-
tal doses of anesthetic and serum cortisol levels measured 
at the end of surgery within and between groups.

Serum ACTH levels were significantly lower in the HC 
group than in the C group after anesthesia induction (me-
dian 3.9 pmol/L [IQR 1.7–5.2 pmol/L] vs 6.9 pmol/L [IQR 
3.9–11.9 pmol/L], p = 0.007; Fig. 2). Blood glucose con-
centrations were significantly higher in the HC group than 
in the C group after tumor removal (median 6.97 mmol/L 
[IQR 6.48–7.22 mmol/L] vs 6.22 mmol/L [IQR 5.60–6.68 
mmol/L], p = 0.009) and at the end of surgery (median 
6.66 mmol/L [IQR 6.27–6.99 mmol/L] vs 5.97 mmol/L 
[IQR 5.48–6.65 mmol/L] mmol/L, p = 0.011; Fig. 2).

The incidences of intraoperative and postoperative 
hypotension, tachycardia, and bradycardia were not sig-
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nificantly different between the two groups (Table 2). No 
patient was treated with intravenous hydrocortisone due 
to perioperative hemodynamic instability and showed in-
traoperative and immediate postoperative hyponatremia. 
PONV occurred in 2 patients in each group.

Early postoperative AI was observed in 3 and 5 patients 
in groups HC and C, respectively (Table 3). No differences 
in serum cortisol levels in the morning on postoperative 
days 1–3, or in the incidence of postoperative complica-
tions such as CNS infection, CSF leakage, hemorrhage, 
hydrocephalus, delayed hyponatremia, and diabetes insipi-
dus were observed between the two groups. No difference 
in the pituitary function test at 3 months after surgery was 
observed.

Discussion
In the present study, higher cortisol levels at all intra-

operative time points, lower ACTH levels after tumor re-
moval, and higher glucose levels after tumor removal and 
at the end of surgery were observed in patients treated 
with preoperative hydrocortisone (group HC) compared 
with patients treated with placebo (group C). A clinically 
significant sign of AI was not observed intraoperatively in 
either group. The incidences of early postoperative AI and 
postoperative complications, as well as 3-month postop-
erative pituitary function, were not significantly different 
between the two groups.

To date, measurement of intraoperative cortisol con-
centrations during ETSS for NFPA has been performed in 
only 1 study. In a recent small observational study con-
ducted by Borg et al.,3 serum cortisol concentrations were 
measured every 30 minutes after anesthesia induction in 
ACTH-sufficient patients undergoing ETSS in the morning 

with (n = 4) or without (n = 4) preoperative steroid admin-
istration. However, in the present study, serum cortisol lev-
els were compared between the two groups at four specific 
time points (after anesthesia induction, after dura incision, 
after tumor removal, and at the end of surgery) to evaluate 
neuroendocrine stress response of anesthesia and surgery. 
In the results of the study by Borg et al., serum cortisol 
concentrations were approximately 3.5–7.5 µg/dl 30 min-
utes after anesthesia induction and approximately 16.3–
23.6 µg/dl after intrasellar manipulation in ACTH-suffi-
cient patients without preoperative steroid administration, 
whereas serum cortisol concentrations were approximately 
18.1–45.3 µg/dl 30 minutes after anesthesia induction and 
approximately 19.9–39.9 µg/dl after intrasellar manipula-
tion in patients with steroid replacement. Similarly, this 
study showed that serum cortisol levels were significantly 
higher in patients with preoperative steroid administration 
during the entire surgical period. The nadir serum corti-
sol concentration was 2.2 µg/dl in group C after anesthesia 
induction. However, the serum cortisol concentration in-
creased to 4.3, 5.6, and 9.5 µg/dl after dura incision, after 
tumor removal, and at the end of surgery, respectively.

The results from this study showed that serum ACTH 
levels after anesthesia induction were significantly lower 
in patients with steroid administration than in those with-
out. In addition, serum cortisol levels and ACTH levels 
showed similar changes over time in patients without ste-
roid administration (a decrease in serum levels of both 
hormones before tumor removal and thereafter an increase 
in serum levels of both hormones), but opposite changes 
in patients with steroid administration (a continuous slow 
decrease in serum cortisol level during the entire surgi-
cal period but continuous elevation in serum ACTH level). 
Considering the half-life of serum cortisol (approximately 

FIG. 1. CONSORT flowchart.
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120 minutes) and ACTH (approximately 30 minutes) af-
ter steroid administration,2 these findings suggest that the 
negative feedback mechanism of the HPA axis is activated 
in patients with an intact HPA axis when they receive ex-
ogenous steroid administration.

In this study, intraoperative hypotension was observed 
in 45% and 40% of patients in the C and HC groups, re-
spectively. However, because all episodes of intraopera-
tive hypotension with a short duration occurred during 
anesthesia induction and were treated with a small bolus 
of vasopressor or fluid administration, the association of 

intraoperative hypotension with AI was not considered. 
In addition, the incidence of early postoperative AI did 
not differ between patients with and without preoperative 
steroid administration. Similarly, in previous retrospective 
and prospective observational studies, perioperative ste-
roid administration was shown to have no effect on the 
incidence of early postoperative AI in patients without 
preoperative AI undergoing ETSS.10,12,13,27

Since a case series in the 1950s showing intraoperative 
hemodynamic collapse after acute steroid withdrawal in 
chronic steroid users, steroid replacement has been used 

TABLE 1. Comparisons of general characteristics, tumor-related variables, preoperative pituitary 
hormonal status, and intraoperative data between the two groups

Variable Group HC (n = 20) Group C (n = 20) p Value

Mean age ± SD, yrs 48 ± 16 50 ± 14 0.771
Females, n (%) 11 (55) 12 (60) 1.000
Median weight (IQR), kg 68 (60–75) 66 (57–75) 0.626
Median height (IQR), cm 168 (159–171) 162 (157–167) 0.598
Mean BMI ± SD, kg/m2 25.2 ± 2.9 25.3 ± 4.6 0.949
Comorbidity, n (%)
 Diabetes mellitus 0 (0) 1 (5) 1.000
 Hypertension 2 (10) 4 (20) 0.661
 Hepatic 0 (0) 2 (10) 0.487
 Renal 0 (0) 2 (10) 0.487
 Pulmonary  1 (5) 1 (5) 1.000
Tumor size
 Mean anteroposterior diameter ± SD, mm 19.5 ± 6.8 24.3 ± 8.1 0.051
 Mean height ± SD, mm 29.1 ± 9.3 29.8 ± 10.2 0.819
 Width ± SD, mm 27.9 ± 7.7 29.1 ± 7.0 0.607
 Median volume (IQR), cm3 8.2 (4.6–13.8) 8.2 (5.9–12.3) 0.665
Preop hormone level
 Median cortisol (IQR), µg/dl 14.3 (10.7–15.8) 15.5 (11.8–18.6) 0.323
 Mean ACTH ± SD, pmol/L 10.1 ± 54.4 10.6 ± 44.0 0.764
Median glucose (IQR), mmol/L 5.75 (5.33–6.16) 5.36 (5.16–6.18) 0.255
Preop hormone deficiency, n (%)
 None 0 (0) 1 (5) 1.000
 ACTH 0 (0) 0 (0) NA
 TSH 0 (0) 1 (5) 1.000
 GN 15 (75) 15 (75) 1.000
 GH 18 (90) 17 (85) 1.000
Mean anesthesia time ± SD, mins 140 ± 25 141 ± 26 0.905
Median op duration (IQR), mins 73 (64–95) 75 (65–91) 0.479
Median total propofol dose (IQR), mg 1400 (1100–1800) 1300 (1100–1625) 0.559
Median total remifentanil dose (IQR), µg 1000 (850–1425) 1100 (925–1450) 0.486
Cavernous sinus invasion, n (%) 6 (30) 9 (45) 0.514
Optic chiasm compression, n (%) 18 (90) 20 (100) 0.487
Degree of resection, n (%) 0.235
 Gross-total 18 (90) 14 (70)
 Subtotal 2 (10) 6 (30)

NA = not applicable.
Hydrocortisone 100 mg (HC group) or placebo (C group) was administered to patients undergoing endoscopic trans-
sphenoidal pituitary adenoma surgery in the morning on the day of surgery. 
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for several decades.9,18 However, in a recent review, peri-
operative stress-dose steroid replacement was suggested to 
be unnecessary, even in patients with confirmed suppres-
sion of the HPA axis preoperatively due to chronic steroid 
use.19 In that study, no clinically significant sign of AI was 
observed in patients without preoperative steroid replace-
ment during surgery. Similarly, in previous observational 
studies on patients with preoperative preserved function 
of the HPA axis undergoing transsphenoidal pituitary sur-

gery, intraoperative cardiovascular collapse did not occur 
in patients without preoperative steroid administration.7,27

In this study, the incidence of early postoperative AI (se-
rum morning cortisol concentration < 5 µg/dl on postoper-
ative days 1–3) was as high as 15% and 25% in groups HC 
and C, respectively. In contrast with our results, a recent 
study reported that the incidence of early postoperative AI 
was 4.8% in patients undergoing ETSS for sellar lesions.14 
Also, a previous meta-analysis showed that the incidence 

FIG. 2. Box plot of comparisons of intraoperative cortisol, ACTH, and glucose concentrations between the two groups. Line, box, 
and whiskers represent median, IQR, and 1.5 times the IQR. Diamonds represent outliers that are outside of 1.5 times the IQR. 
The p values are derived from the Mann-Whitney U-test. Hydrocortisone 100 mg (group HC) or placebo (group C) was adminis-
tered to patients undergoing endoscopic transsphenoidal pituitary adenoma surgery in the morning on the day of surgery.
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of early postoperative AI ranged from 1% to 13%, with 
an overall incidence of 5.5%.31 This difference in the in-
cidence of early postoperative AI between our study and 
previous reports is due to a different sample size. A small 
sample size in this study is not sufficient to evaluate the 
incidence of early postoperative AI. In this study, the over-
all incidence of postoperative 3-month ACTH deficiency 

was 20%. Similarly, a previous study demonstrated that 
new postoperative 3-month ACTH deficiency occurred in 
20% of patients without preoperative AI after ETSS for 
NFPA.15

In the present study, significant differences in serum 
glucose concentrations were observed between the two 
groups after tumor removal and at the end of surgery. 

TABLE 2. Comparisons of perioperative hemodynamic events between the two groups

Hemodynamic Event
Group HC  

(n = 20)
Group C  
(n = 20)

Risk Difference  
(95% CI) p Value

Intraop
 Hypotension, SBP <80 mm Hg 8 (40%) 9 (45%) −5% (−36 to 26) 1.000
 Median hypotension duration (IQR), mins 2.0 (1.0–3.8) 1.0 (1.0–3.5) 0.506
 Tachycardia, HR >120 bpm 2 (10%) 2 (10%) 0% (−19 to 19) 1.000
 Median tachycardia duration (IQR), mins 2.0 (1.0–2.0) 1.0 (1.0–1.0) 0.317
 Bradycardia, HR <40 bpm 3 (15%) 0 (0%) 15% (−1 to 31) 0.231
 Median bradycardia duration (IQR), mins 2.0 (1.0–2.0) None NA NA
Postop at ICU
 Hypotension, SBP <80 mm Hg 1 (5%) 0 (0%) 5% (−5 to 15) 1.000
 Hypotension duration, mins 4 None NA
 Tachycardia, HR >120 bpm 0 (0%) 0 (0%) NA NA
 Bradycardia, HR <40 bpm 0 (0%) 0 (0%) NA NA
 Nausea or vomiting 2 (10%) 2 (10%) 0% (−18.6 to 18.6) 1.000

TABLE 3. Comparisons of postoperative cortisol levels, complications, and hormonal status 
between the two groups

Variable Group HC (n = 20) Group C (n = 20)
Risk Difference  

(95% CI) p Value

Early postop AI, n (%) 3 (15) 5 (25) 10% (−15 to 35) 0.695
Morning cortisol levels, µg/dl
 Median postop day 1 (IQR) 16.1 (11.6–19.9) 22.5 (10.5–34.7) 0.346
 Median postop day 2 (IQR) 10.7 (4.7–15.5) 11.9 (8.7–18.8) 0.305
 Mean postop day 3 ± SD 10.6 ± 6.5 15.6 ± 7.9 0.071
Postop complication, n (%)
 CNS infection 0 (0) 0 (0) NA NA
 CSF leakage 0 (0) 0 (0) NA NA
 Hemorrhage 0 (0) 0 (0) NA NA
 Hydrocephalus 0 (0) 0 (0) NA NA
 Delayed hyponatremia 3 (15) 4 (20) 5% (−18 to 28) 1.000
 Transient diabetes insipidus 3 (15) 9 (45) 30% (3–57) 0.084
 Permanent diabetes insipidus 0 (0) 1 (5) 5% (−5 to 15) 1.000
Hormone deficiency at 3 mos  

postop, n (%)
  None 3 (15) 2 (10) −5% (−27 to 17) 1.000
  ACTH 2 (10) 6 (30) 20% (−4 to 44) 0.235
  TSH 0 (0) 3 (15) 15% (−1 to 31) 0.231
  GN 12 (60) 11 (55) −5% (−36 to 26) 1.000
  GH 15 (75) 16 (80) 5% (−21 to 31) 1.000
  Panhypopituitarism 0 (0) 1 (5) 5% (−5 to 15) 1.000
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However, because the incidence of hyperglycemia above 7 
mmol/L did not differ between groups, whether this mild 
increase in the serum glucose concentration is clinically 
significant is difficult to evaluate. In a previous meta-anal-
ysis, a significant association between hyperglycemia and 
postoperative complications was not found in neurosurgi-
cal patients.1

Postoperative sodium disturbances such as diabetes in-
sipidus and hyponatremia, known to be associated with pi-
tuitary manipulation and relocation of the pituitary gland, 
are common complications after pituitary surgery.16 In a 
previous meta-analysis, the incidence of diabetes insipidus 
after pituitary surgery was not different between the ste-
roid and the nonsteroid groups.31 The present study results 
also failed to show a difference in the incidence of post-
operative diabetes insipidus and delayed hyponatremia be-
tween the two groups.

This study had several limitations. First, anesthetic 
techniques may have affected the neuroendocrine stress 
response. Specifically, total intravenous anesthesia us-
ing propofol and remifentanil decreases the intraopera-
tive cortisol level compared with inhalation anesthesia.4,17 
However, total intravenous anesthesia is widely imple-
mented in neurosurgery due to its advantages of smooth 
recovery, reduced intracranial pressure, and prevention of 
PONV.5,8 Second, the sample size of this study was too 
small to evaluate the incidences of perioperative AI and 
postoperative 3-month ACTH deficiency. A large-scale 
randomized study or meta-analysis is needed to verify 
the effects of preoperative steroid administration on these 
clinically meaningful events. Third, the results were ob-
tained from patients whose surgery started at 8 am. Due 
to circadian changes in serum cortisol levels, generalizing 
the results from the present study to patients operated on 
in the afternoon is difficult. Fourth, in this study, the blood 
samples were stored in an ice chest and sent to the hospital 
laboratory as a batch after the end of surgery, and then 
the results were reported in the late afternoon on the day 
of surgery. Therefore, although all of the neurosurgeons, 
anesthesiologists, and intensivists were blinded to the pa-
tient group, it was possible that intensivists could infer the 
patient group from the results on intraoperative serum cor-
tisol levels during the postoperative period. Finally, this 
study included only patients with NFPAs. Therefore, ex-
trapolating the results to patients with functional pituitary 
adenomas or nonpituitary sellar/parasellar tumors may be 
limited.

Conclusions
Preoperative steroid administration in patients without 

AI undergoing ETSS for NFPAs resulted in significantly 
increased intraoperative cortisol levels. However, no pa-
tient showed intraoperative hemodynamic instability due 
to AI. The incidence of early postoperative AI, postop-
erative complications, and postoperative 3-month ACTH 
deficiency did not differ between patients with and those 
without preoperative steroid administration. The results 
from the present study indicate that preoperative steroid 
administration may be unnecessary in patients without AI 
undergoing ETSS for NFPAs. However, a further large-

scale study is needed to determine whether preoperative 
steroid administration has a significant impact on clinical-
ly meaningful events such as perioperative AI and postop-
erative 3-month ACTH deficiency in these patients.
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