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ABSTRACT
Aims: To identify clinical, radiological, surgical, and postoperative factors associated with prolonged hospitalization following 
endoscopic transnasal/transsphenoidal pituitary surgery in a single tertiary neurosurgical center. 
Methods: This retrospective observational cohort study included 40 patients who underwent endoscopic transnasal/
transsphenoidal pituitary surgery between January 2020 and December 2024. Demographic, clinical, radiological, surgical, and 
postoperative data were collected from electronic medical records. Length of hospital stay was analyzed as a continuous variable 
and dichotomized based on the cohort median to define prolonged hospitalization. Variables that were significant or near-
significant in univariate analyses were included in multivariable logistic regression models to identify independent predictors 
of prolonged hospital stay.
Results: A total of 40 patients were analyzed. Length of hospital stay did not follow a normal distribution, with a median length 
of stay of 8 days. In univariate analyses, suprasellar extension, postoperative cerebrospinal fluid leakage, and postoperative 
meningitis were significantly associated with prolonged hospital stay. Due to the strong clinical association between cerebrospinal 
fluid leakage and meningitis, these variables were not included together in the same multivariable model. After adjustment 
for Knosp grade, suprasellar extension remained an independent predictor of prolonged hospital stay (odds ratio: 11.1; 95% 
confidence interval: 1.03-119.5; p=0.04).
Conclusion: Suprasellar extension is an independent determinant of prolonged hospital stay following endoscopic transnasal 
transsphenoidal pituitary surgery. Preoperative radiological assessment may assist in anticipating postoperative care requirements 
and optimizing perioperative management strategies. 
Keywords: Pituitary adenoma, endoscopic transnasal surgery, transsphenoidal surgery, length of hospital stay, suprasellar 
extension

INTRODUCTION
Pituitary adenomas account for approximately 10-15% of 
all primary intracranial tumors and represent a common 
pathology of the central nervous system.1 Although typically 
benign, these tumors may cause significant neurological 
and endocrine morbidity due to mass effect, hormonal 
hypersecretion, hypopituitarism, or, less commonly, pituitary 
apoplexy. Except for prolactinomas, surgical resection remains 
the primary treatment modality for most pituitary adenomas.

Transsphenoidal surgery has long been considered the 
standard surgical approach for pituitary adenomas. Over 
the past two decades, endoscopic transnasal transsphenoidal 
techniques have largely replaced microscopic approaches.2,3 
Endoscopic surgery provides a wider field of view, improved 
access to parasellar and suprasellar regions, and comparable 
or lower complication rates. Consequently, endoscopic 
transnasal transsphenoidal surgery is widely accepted as a 

safe and effective technique for the surgical management of 
pituitary adenomas.4

Despite advances in surgical technique and perioperative 
care, postoperative complications such as cerebrospinal fluid 
leakage, meningitis, electrolyte disturbances, and diabetes 
insipidus remain clinically relevant. LOS reflects not only the 
occurrence of postoperative complications but also overall 
quality of care, efficiency of perioperative management, and 
healthcare resource utilization.5

Previous studies have evaluated factors associated with 
prolonged hospitalization after endoscopic pituitary surgery; 
however, reported results regarding the relative impact 
of radiological tumor characteristics and postoperative 
complications remain heterogeneous.6-8 In addition, data 
derived from single-center cohorts outside high-volume 
referral institutions are limited. Recent data from 2025 suggests 
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that the definition of "prolonged" stay itself can alter which 
risk factors appear significant.9 Furthermore, understanding 
local predictors is essential for implementing "Enhanced 
Recovery After Surgery" (ERAS) protocols effectively.10 

Therefore, this study aimed to identify factors associated with 
prolonged hospital stay in patients undergoing endoscopic 
transnasal transsphenoidal pituitary surgery.

METHODS 
The study was conducted with the permission of the 
Ankara Bilkent City Hospital Medical Research Scientific 
Researches Ethics Committee (Date: 12/24/2025, Decision 
No: TABED2/1774/2025). All procedures were carried out in 
accordance with the ethical rules and the principles of the 
Declaration of Helsinki.11

This study was designed as a single-center retrospective 
observational cohort study. Adult patients who underwent 
endoscopic transnasal transsphenoidal surgery for pituitary 
adenoma between January 2020 and December 2024 were 
retrospectively reviewed.

Patients aged 18 years or older with histopathologically 
confirmed pituitary adenoma who underwent endoscopic 
transnasal transsphenoidal surgery were included. Patients 
with incomplete medical records, pediatric patients, those 
who underwent transcranial or combined approaches, and 
revision surgeries following primary procedures performed at 
other institutions were excluded.

Demographic data, clinical presentation, radiological 
tumor characteristics, surgical details, and postoperative 
complications were obtained from electronic medical records 
and radiological databases. Radiological evaluation included 
tumor size, presence of suprasellar extension (defined as 
tumor extension above the diaphragma sellae), and cavernous 
sinus invasion assessed according to the Knosp classification. 
Knosp grades were dichotomized as low grade (0-2) and high 
grade (3-4) for analysis.

Postoperative diabetes insipidus was defined according to 
established clinical criteria, including polyuria with associated 
laboratory abnormalities and the need for desmopressin 
or fluid replacement therapy.12 Hyponatremia was defined 
as a serum sodium concentration below 135 mEq/L.13 
Postoperative cerebrospinal fluid leakage was identified 
based on clinical rhinorrhea with or without biochemical 
confirmation. Postoperative meningitis was diagnosed based 
on clinical findings and laboratory evaluation.

The primary outcome measure was LOS, defined as the 
number of days from the day of surgery to discharge, inclusive. 
Length of stay was analyzed as a continuous variable and 
dichotomized according to the cohort median (>8 days) due 
to non-normal distribution.

Statistical analyses were performed using IBM SPSS Statistics 
software. Normality of continuous variables was assessed 
using the Shapiro-Wilk test. Continuous variables were 
presented as mean±standard deviation or median with 
range, as appropriate. Categorical variables were expressed as 
counts and percentages. Group comparisons were performed 
using Student’s t test, Mann–Whitney U test, chi-square 

test, or Fisher’s exact test, as appropriate. Variables with a p 
value less than 0.10 in univariate analyses were entered into 
multivariable logistic regression models. To avoid model 
instability and collinearity, postoperative cerebrospinal fluid 
leakage and meningitis were not included together in the 
same multivariable model. Results were reported as odds 
ratios (OR) with 95% confidence intervals (CI). A p value less 
than 0.05 was considered statistically significant.

RESULTS 
A total of 40 patients were included in the analysis. The mean 
age was 54.4±13.5 years, and 60% of patients were male. The 
mean tumor diameter was 20.9±7.1 mm. Suprasellar extension 
was present in 77.5% of patients. According to the Knosp 
classification, 62.5% of patients had low-grade and 37.5% had 
high-grade cavernous sinus invasion.

LOS ranged from 3 to 23 days, with a median of 8 days. In 
univariate analyses, suprasellar extension, postoperative 
cerebrospinal fluid leakage, and postoperative meningitis were 
significantly associated with prolonged hospital stay (Table 1, 
Table 2). In multivariable logistic regression analysis, after 
adjustment for Knosp grade, suprasellar extension remained 
an independent predictor of prolonged hospital stay (OR: 11.1; 
95% CI: 1.03-119.5; p=0.04) (Table 3).

Table 1. Demographic, clinical, and surgical characteristics of the study 
cohort (n=40)

Characteristic Value

Age (years)

Mean±SD 54.4±13.6

Range (minimum-maximum) 24-82

Gender, n (%)

Male 24 (60.0%)

Female 16 (40.0%)

Comorbidities, n (%)

Present 20 (50.0%)

Absent 20 (50.0%)

Tumor characteristics

Maximum diameter (mm), mean±SD 20.9±7.1

Tumor functionality, n (%)

Functional 20 (50.0%)

Non-functional 20 (50.0%)

Suprasellar extension, n (%)

Present 31 (77.5%)

Absent 9 (22.5%)

Knosp grade, n (%)

Low grade (0-2) 25 (62.5%)

High grade (3-4) 15 (37.5%)

Surgical data, n (%)

Intraoperative CSF leak 4 (10.0%)

Reconstruction technique

Nasoseptal flap 28 (70.0%)

Graft/none 12 (30.0%)

Length of stay (days)

Median (range) 8.0 (3-23)
SD: Standard deviation, CSF: Cerebrospinal fluid
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DISCUSSION 
The primary objective of this 5-year retrospective analysis 
was to identify the determinants of hospital LOS following 
endoscopic transnasal pituitary surgery in a tertiary referral 
center. Our most significant finding is that suprasellar 
extension serves as the strongest independent predictor of 
prolonged hospitalization. The association between suprasellar 
extension and prolonged hospital stay may be attributed 
to increased surgical complexity and the need for more 
cautious postoperative monitoring, even in the absence of 
overt complications. Tumors with suprasellar extension often 

require extensive arachnoid dissection and diaphragmatic 
manipulation, prompting closer observation for potential 
delayed cerebrospinal fluid leakage, visual changes, or 
hypothalamic dysfunction. This contrasts with a substantial 
body of literature that prioritizes postoperative endocrine 
dysfunction as the main driver of delayed discharge.6,7 Our 
results suggest that in developing centers with standardized 
endocrine protocols, the "anatomical burden" of the tumor 
dictates the recovery trajectory more than physiological 
variables.

The association between suprasellar extension and prolonged 
LOS (OR: 11.1) can be explained by several surgical and 
perioperative factors. Tumors extending into the suprasellar 
cistern often necessitate wider arachnoid dissection and 
manipulation of the diaphragma sellae to achieve gross total 
resection.14 Even in the absence of an overt intraoperative 
cerebrospinal fluid (CSF) leak, surgeons tend to adopt a more 
cautious postoperative observation strategy for these patients 
due to the theoretical risk of delayed occult leaks or tension 
pneumocephalus.4 Furthermore, patients with significant 
suprasellar extension require more intensive visual field 
monitoring and are at higher risk for transient hypothalamic 
dysfunction, which may subtlely influence discharge decision-
making even if not capturing strictly defined complication 
criteria.9 Guerra et al.15 recently demonstrated that tumor 
characteristics, particularly those affecting surgical 
complexity such as suprasellar extension, were significantly 
associated with early versus late discharge patterns in pituitary 
adenoma patients undergoing endoscopic endonasal surgery, 
supporting our findings regarding the primacy of anatomical 
factors in determining length of stay.

Interestingly, neither diabetes insipidus (DI) nor hyponatremia 
emerged as significant predictors of LOS in our cohort. This 
finding diverges from the results of Vimawala et al.6  and Bohl 
et al.,7 who identified these complications as major contributors 
to delayed discharge. This finding may be explained by the 
presence of a well-coordinated perioperative endocrine 
management strategy at our institution, supported by close 
collaboration between neurosurgery and endocrinology 
teams in both the preoperative and postoperative periods. 
Early recognition and prompt ward-based management of 
fluid-electrolyte disturbances may mitigate their impact on 
discharge timing, even when such complications occur. More 
recently, Devarajan et al.16 in a large single-center cohort of 310 
patients similarly found that postoperative DI (p<0.01) was a 
significant predictor of prolonged length of stay, with a median 
stay of 54.9 hours in their series. We attribute this discrepancy 
to our institution’s aggressive, ward-based management 
protocol for fluid-electrolyte disturbances. By enabling the 
administration of oral desmopressin and hypertonic saline 
in a non-ICU setting, we prevent the administrative delays 
often associated with endocrine monitoring. This supports 
the hypothesis by Gurses et al.17 that optimized outpatient-
focused care pathways can mitigate the impact of clinical 
complications on discharge timing.

Consistent with Shimanskaya et al.,18 we found that 
postoperative CSF leak and meningitis were associated 
with the longest hospital stays (median 14.5 and 16.0 days, 
respectively). These complications invariably trigger a 
cascade of resource-intensive interventions, including lumbar 
drainage, prolonged bed rest, and intravenous antibiotic 
courses. Although the incidence of these complications 

Table 2. Univariable analysis of factors associated with length of stay

Variable n Median LOS (days) p-value

Gender 0.17

Male 24 8.0

Female 16 8.5

Comorbidities 0.31

Present 20 8.5

Absent 20 8.0

Tumor functionality 0.18

Functional 20 8.0

Non-functional 20 9.0

Suprasellar extension 0.02*

Present 31 9.0

Absent 9 5.0

Knosp grade 0.98

Low grade (0-2) 25 8.0

High grade (3-4) 15 8.0

Intraoperative CSF leak 0.24

Present 4 10.5

Absent 36 8.0

Reconstruction technique 0.12

Nasoseptal flap 28 8.5

Graft/none 12 7.0

Postoperative diabetes insipidus 0.37

Present 3 10.0

Absent 37 8.0

Postoperative hyponatremia 0.32

Present 3 11.0

Absent 37 8.0

Postoperative CSF leak 0.01*

Present 4 14.5

Absent 36 8.0

Postoperative meningitis 0.02*

Present 3 16.0

Absent 37 8.0
*LOS: Length of stay, CSF: Cerebrospinal fluid. Statistical significance tested using Mann-Whitney U 
test. p<0.05 indicates statistical significance

Table 3. Multivariable logistic regression analysis for predictors of prolonged 
hospital stay

Variable  OR 95% CI p-value

Suprasellar extension 11.1 1.03-119.5 0.04*

Knosp grade 3.57 0.78-16.6 0.10
*Dependent variable: Prolonged length of stay (>median of 8 days). The Odds Ratio (OR) indicates 
the likelihood of prolonged stay compared to the reference group. p<0.05 indicates statistical 
significance, OR: Odds ratio, CI: Confidence interval
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was low in our series, their profound impact on LOS 
underscores the critical importance of meticulous skull base 
reconstruction. The use of vascularized nasoseptal flaps in 
high-risk patients (suprasellar extension) is a key strategy to 
minimize these outlier events.

The concept of ERAS is gaining traction in skull base surgery. 
Recent data from Arnaout et al.10  demonstrated that structured 
ERAS protocols could reduce the mean LOS to 2.7 days. Our 
median LOS of 8.0 days indicates a potential for improvement. 
While our discharge timing reflects the cautious approach 
of a developing center, the lack of significance for endocrine 
factors suggests that we are clinically ready to adopt more 
aggressive ERAS pathways. Future protocols targeting 
"early mobilization" specifically for patients with suprasellar 
extension could help bridge the gap between our current 
practice and high-volume centers.

Limitations 
This study is limited by its retrospective design and the 
sample size of 40 patients, which resulted in wide CI for the 
odds ratios. Additionally, we did not account for the "learning 
curve" effect, which Kabil et al.3 suggest can influence 
complication rates over time. Furthermore, our definition 
of prolonged LOS (>8 days) differs from some contemporary 
studies using >4 days (e.g., Vimawala et al.6) or varying 
thresholds as noted by Shah et al.,9 which may limit direct 
comparisons. Nevertheless, our data provides a valuable "real-
world" perspective on the factors influencing discharge in a 
non-high-volume setting.

CONCLUSION 
Suprasellar extension is a robust and independent predictor 
of prolonged hospital stay following endoscopic transnasal 
pituitary surgery in our practice, overshadowing the impact 
of endocrine complications. While surgical complications 
such as CSF leak naturally extend hospitalization, they are less 
frequent than the routine delays caused by the observation 
of anatomically complex tumors. Our findings suggest that 
preoperative identification of suprasellar extension should 
trigger "pre-emptive" discharge planning.19 Furthermore, the 
successful ward-based management of endocrine issues in our 
cohort supports the feasibility of implementing future ERAS 
protocols to safely reduce length of stay even in complex cases. 

Further large-scale, multi-center prospective studies 
are warranted to validate these findings and to establish 
standardized discharge criteria for anatomically complex 
pituitary adenomas.
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