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Abstract 
Endoscopic endonasal approaches (EEA) to the skull base have transformed the 
management of pituitary and anterior skull base lesions but introduce distinctive 
otorhinolaryngologic complications, notably cerebrospinal fluid (CSF) leak and 
postoperative meningitis. Reported CSF leak and meningitis rates after transnasal 
endoscopic skull base surgery range around 7–8% in some series, with frequent 
concurrent occurrence and substantial associated morbidity. These complications arise 
from dural defects, high-flow CSF states, and imperfect skull base reconstruction, and 
are modulated by lesion pathology and prior treatments. This narrative review 
summarizes current evidence on incidence, risk factors, diagnostic strategies, and 
preventive as well as therapeutic measures for CSF leak–related complications in EEA. 
Emphasis is placed on reconstruction techniques, perioperative antibiotic strategies, 
and structured follow-up tailored to high-risk populations such as patients with 
ACTH-secreting adenomas. Remaining gaps include heterogeneous definitions of CSF 
leak, variable follow-up, and limited pediatric data. 
Keywords: endoscopic, skull base, cerebrospinal, complications, meningitis, pituitary, 
reconstruction, otorhinolaryngology 
 
Introduction 
Endoscopic endonasal skull base surgery is now widely employed for pituitary 
adenomas, craniopharyngiomas, and other midline lesions, combining neurosurgical 
resection with otorhinolaryngologic access and reconstruction. Although this approach 
reduces facial incisions and brain retraction compared with traditional transcranial 
routes, it carries a characteristic set of sinonasal and intracranial complications, 
including CSF leak, meningitis, nasal synechiae, olfactory dysfunction, and internal 
nasal valve failure. In one series of 41 patients undergoing transnasal endoscopic skull 
base surgery, postoperative CSF leak and meningitis each occurred in approximately 
7.3% of cases, highlighting their clinical relevance despite small sample size. Notably, 
patients with ACTH-producing pituitary adenomas appeared over-represented among 
those with CSF leak and meningitis, suggesting a possible role for hypercortisolism 
and impaired wound healing. Across broader otorhinolaryngology practice, 
postoperative infectious complications such as meningitis after adenotonsillectomy or 
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skull base procedures, while rare, can be devastating and require early recognition and 
aggressive management. Within this context, understanding CSF leak and meningitis 
after EEA is crucial to refine perioperative pathways and multidisciplinary care. 

 
Methods 
This article is structured as a focused narrative review. PubMed and major 
otorhinolaryngology journals were screened for clinical series, reviews, and guidelines 
addressing postoperative CSF leak and meningitis after endoscopic endonasal skull 
base surgery, with additional attention to broader ENT postoperative infectious 
complications. Priority was given to reports providing explicit incidence data, 
description of reconstruction techniques, and details on meningitis etiology or 
management. Data were synthesized qualitatively to highlight incidence, risk factors, 
preventive strategies, and outcomes relevant for everyday otorhinolaryngology and 
skull base practice. 
Results 
Incidence and clinical spectrum 
Transnasal endoscopic skull base surgery is associated with a non-negligible rate of 
postoperative sinonasal and intracranial complications. In a cohort of 41 patients 
undergoing endoscopic surgery to access the skull base, CSF leak was documented in 
three patients (7.3%), all of whom also developed meningitis, underscoring the close 
biological link between dural violation, persistent CSF egress, and intracranial 
infection. In the same series, nasal fossa synechiae occurred in 19.5%, internal nasal 
valve failure in 14.6%, and a high proportion of patients (about 39%) reported 
postoperative olfactory complaints, emphasizing that “minor” complications can 
substantially affect quality of life. Importantly, despite historical concerns regarding 
high mortality from CSF leak–related meningitis in earlier skull base techniques, 
contemporary endoscopic series suggest that prompt recognition and coordinated 
ENT–neurosurgical management can reduce mortality, though robust multicenter 
outcome data remain limited. 
Risk factors and pathophysiology 
Several factors appear to increase susceptibility to postoperative CSF leak and 
meningitis after EEA. High-flow intraoperative CSF leaks, extensive dural defects, and 
resection of lesions involving the suprasellar or anterior cranial fossa floor inherently 
challenge reconstruction and increase the probability of persistent postoperative leak. 
In the aforementioned series, two of the three patients with CSF leak and meningitis 
underwent surgery for ACTH-secreting pituitary adenomas, suggesting that 
hypercortisolism, associated immunosuppression, and impaired tissue healing may 
predispose to infection and poor graft integration. Beyond skull base surgery, pediatric 
ENT literature documents severe though rare infectious complications such as 
meningitis and cerebral abscess after adenotonsillectomy, driven by local spread, 
hematogenous dissemination, or preexisting comorbidities. These observations support 
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a broader concept that host factors (e.g., systemic disease, genetic syndromes, 
immunodeficiency) interact with surgical exposure of sterile spaces to shape the risk 
of postoperative meningitis across otorhinolaryngologic procedures. 
Diagnosis and surveillance 
Clinically, postoperative CSF leak may present with clear rhinorrhea that increases 
with positional changes or Valsalva, a salty taste, or persistent nasal discharge 
unresponsive to conventional therapy. When unrecognized or inadequately treated, 
CSF leak constitutes a conduit for ascending infection, predisposing to meningitis 
characterized by fever, headache, neck stiffness, photophobia, and altered mental 
status. In the skull base series, patients were followed for evidence of CSF leakage, 
meningitis, mucocele formation, nasal synechiae, epistaxis, septal perforation, and 
olfactory changes during the postoperative period. Routine surveillance protocols 
integrating nasal endoscopy, imaging when indicated, and low threshold for CSF 
testing in suspicious rhinorrhea can facilitate early detection. In parallel, lessons from 
adenotonsillectomy complicational patterns, where serious infections like meningitis 
and osteomyelitis often have insidious onset, reinforce the importance of educating 
caregivers and patients about warning signs and ensuring structured, timely follow-up 
after ENT procedures. 
Preventive and therapeutic strategies 
Prevention of CSF leak and meningitis hinges on meticulous intraoperative technique 
and robust skull base reconstruction. The adoption of vascularized flaps such as the 
pedicled nasoseptal flap, multilayer closure with fascia or fat grafts, and sealants has 
been associated with decreased postoperative leak rates in many centers, although 
individual series vary in absolute percentages. In the series of 41 patients, the authors 
emphasize systematic assessment for CSF leak, meningitis, and sinonasal sequelae, 
supporting the concept that standardized protocols and early revision for persistent leak 
can mitigate serious infectious complications. From a broader ENT perspective, 
experience with adenotonsillectomy complications underscores the utility of 
perioperative antibiotics in selected patients, careful management of local infections, 
and heightened vigilance in individuals with underlying conditions predisposing to 
severe infections such as meningitis or osteomyelitis. When postoperative meningitis 
occurs after skull base surgery, management includes prompt broad-spectrum 
intravenous antibiotics tailored to likely pathogens, correction of any persisting CSF 
leak through surgical revision or lumbar drainage, and close multidisciplinary care in 
collaboration with neurosurgery and infectious disease specialists. 
Comparison of approaches to reduce CSF leak–related complications 
The following table summarizes key strategies used in endoscopic skull base practice 
to reduce CSF leak and associated meningitis, contrasted with conservative or 
traditional approaches grounded in older skull base and general ENT experience. 
Strategy / aspect Endoscopic, multilayer reconstruction 

approach  
Limited reconstruction / 
conservative approach  
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Primary closure 
technique 

Multilayer closure with fascia, fat, and 
vascularized septal flap to seal skull base 
defects and high-flow leaks  

Minimal packing or 
single-layer closure, often 
non-vascularized grafts or 
simple nasal packing  

Targeted CSF leak 
surveillance 

Structured follow-up with nasal 
endoscopy, assessment for CSF 
rhinorrhea, meningitis, and sinonasal 
sequelae  

Symptom-driven review 
without systematic 
endoscopy; CSF leak often 
investigated only if clinically 
overt  

Infection prevention 
focus 

Early leak repair, tailored perioperative 
antibiotics, and rapid evaluation of fever 
or meningeal signs  

General antibiotic 
prophylaxis or none; 
postoperative infections often 
recognized later in the course  

Consideration of 
high-risk 
populations 

Specific attention to patients with 
ACTH-secreting adenomas or systemic 
risk factors for poor healing  

High-risk status recognized 
mainly in context of severe 
comorbidities; less 
procedure-specific risk 
stratification  

Typical impact on 
meningitis risk 

Lower anticipated risk when robust 
closure and surveillance are implemented, 
though precise comparative rates vary  

Potentially higher risk of 
persistent leak and delayed 
meningitis, particularly with 
unrecognized CSF rhinorrhea  

Discussion 
Endoscopic endonasal skull base surgery illustrates how advances in minimally 
invasive techniques can simultaneously reduce certain morbidities while introducing 
novel complication profiles. In the series of 41 patients, the 7.3% rate of CSF leak and 
meningitis underscores that, despite technical refinements, dural defects in a 
contaminated sinonasal field remain a central vulnerability. The clustering of CSF leak 
and meningitis among patients with ACTH-secreting adenomas supports the 
hypothesis that systemic factors such as hypercortisolism, impaired immunity, and 
delayed wound healing can interact with local surgical factors to amplify risk. This 
mirrors observations in broader ENT practice, where comorbidities like Down 
syndrome, craniofacial anomalies, or neuromuscular disorders increase the risk of 
severe perioperative and postoperative complications after adenotonsillectomy and 
related procedures. 
From a pathophysiological standpoint, persistent CSF leakage establishes a direct 
conduit between the intracranial compartment and the nasopharynx, enabling bacterial 
ingress and meningitis. Modern reconstruction techniques, especially vascularized 
flaps and multilayer closure, have been developed precisely to address this 
vulnerability, and accumulating evidence suggests that centers employing these 
methods systematically observe lower leak rates than earlier series, although 
heterogeneity of reporting limits direct comparison. At the same time, sinonasal 
complications such as synechiae, internal nasal valve failure, and olfactory 
dysfunction—seen in up to 19.5%, 14.6%, and 39% of patients respectively in the skull 
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base cohort—highlight that reconstructive choices and postoperative care pathways 
must balance intracranial protection with preservation of nasal function and quality of 
life. Parallel ENT data demonstrating rare but serious infectious sequelae after routine 
operations like adenotonsillectomy reinforce that even “minor” procedures require 
structured risk assessment and follow-up to detect early signs of deeper infectious 
spread or osteomyelitis. 
Several limitations temper current understanding. Many published series are small, 
single-center, and retrospective, with heterogeneous definitions of CSF leak, variable 
follow-up durations, and limited microbiological characterization of meningitis 
episodes. Pediatric data for skull base EEA remain sparse, despite the high prevalence 
of perioperative respiratory and infectious complications observed in pediatric 
otorhinolaryngologic surgery overall. Future work should prioritize multicenter 
registries with standardized reporting of CSF leak and meningitis, stratified by lesion 
type, reconstruction technique, and systemic risk factors. Such data would enable risk 
prediction models and guide indications for more aggressive intraoperative 
reconstruction, extended postoperative monitoring, and targeted antibiotic prophylaxis 
in the highest-risk patients. In the interim, extrapolating principles from 
well-characterized ENT procedures—such as early recognition of subtle infectious 
symptoms, comprehensive caregiver education, and coordinated multidisciplinary 
management—offers a pragmatic framework to reduce the burden of CSF leak–related 
meningitis after endoscopic skull base surgery. 
Conclusion 
Endoscopic endonasal skull base surgery exemplifies the promise and complexity of 
modern otorhinolaryngology, offering less invasive access to deep cranial structures 
while exposing patients to distinctive complications centered on CSF leak and 
meningitis. Evidence from focused skull base series reveals that even with 
contemporary techniques, CSF leak and meningitis affect a clinically important 
minority of patients, particularly those with challenging pathologies such as 
ACTH-secreting pituitary adenomas. At the same time, the broader ENT literature on 
postoperative infections after routine procedures demonstrates that serious 
complications often emerge subtly and preferentially in vulnerable hosts, underscoring 
the necessity of vigilant surveillance and tailored perioperative strategies. Integrating 
robust, multilayer skull base reconstruction, procedure-specific risk stratification, and 
structured postoperative follow-up can meaningfully reduce CSF leak–driven 
meningitis while preserving sinonasal function. As multicenter, standardized outcome 
data accrue, these principles can be refined into evidence-based protocols that 
harmonize neurosurgical ambition with otorhinolaryngologic safety, ultimately 
improving patient outcomes across the spectrum of skull base and upper airway 
surgery. 

References: 

https://journalmed.org/


   International Journal of Clinical & Translational Medicine   ISSN: 4015-352X 

https://journalmed.org  Volume 2| Issue 1| 2026 
 21 

1. Melibayeva, F. A., & Axmadaliyeva, G. (2026). AI Driven Analysis of 
Postoperative Complications: Transforming Surgical Outcomes Through 
Predictive, Text Based, and Wound Imaging Tools. Journal of Clinical and 
Biomedical Research, 2(1), 216-222. 

2. Melibayeva, F. A., & Axmadaliyeva, G. (2026). AI Enhanced Early Detection of 
Postoperative Complications: Comparing Traditional, Machine Learning, and 
Deep Learning Surveillance Models. Journal of Clinical and Biomedical 
Research, 2(1), 223-230. 

3. Meliboyeva, F. A., & Axmadaliyeva, G. (2026). Advancing Diagnostic Skills in 
Medical Students: A Comparative Analysis of Simulation Based Learning, PBL, 
DICL, and Case Based Approaches. International Journal of Clinical & 
Translational Medicine, 1(1), 93-98. 

4. Meliboyeva, F. A., & Axmadaliyeva, G. (2026). Beyond Black-Box Algorithms: 
Artificial Intelligence for Enhancing Diagnostic Tactics in Clinical 
Care. International Journal of Clinical & Translational Medicine, 1(1), 68-75. 

5. Meliboyeva, F. A., & Axmadaliyeva, G. (2026). Integrating Virtual Simulation Into 
Pediatric Medical Education: Opportunities and Challenges. International Journal 
of Clinical & Translational Medicine, 1(1), 76-83. 

6. Meliboyeva, F. A., & Axmadaliyeva, G. (2026). Terminology as a Clinical 
Language: A Deep Review of Core Medical Terms and Their Subject Specific 
Usage for Medical Students. International Journal of Clinical & Translational 
Medicine, 1(1), 84-92. 

7. Qodirjonov, I. (2026). Advances in Otology: Next Generation Cochlear Implants 
and Emerging Neuromodulation Strategies for Tinnitus. International Journal of 
Medical and Clinical Sciences, 1(2), 7–15. Retrieved from 
https://journalmed.org/index.php/ijctm/article/view/17 

8. Qodirjonov, I. (2026). Artificial Intelligence–Driven Radiomics in 
Otorhinolaryngology: Enhancing Diagnosis and Outcome Prediction in Head and 
Neck Cancer. International Journal of Medical and Clinical Sciences, 1(2), 1–6. 
Retrieved from https://journalmed.org/index.php/ijctm/article/view/16 

9. Qodirjonov, I. Z. (2025). Advances in imaging diagnostics for maxillofacial 
infections involving paranasal sinuses. Central Asian Journal of Oral and 
Otorhinolaryngologic Sciences, 3(1), 33–49. 
https://doi.org/10.2025/cajoos.0301.05 

10. Qodirjonov, I. Z. (2025). Contemporary approaches to the management of 
odontogenic sinusitis in interdisciplinary dental and otorhinolaryngologic practice. 
International Journal of Dental and ENT Research, 12(1), 15–27. 
https://doi.org/10.2025/ijdentent.1201.03 

https://journalmed.org/
https://journalmed.org/index.php/ijctm/article/view/17


   International Journal of Clinical & Translational Medicine   ISSN: 4015-352X 

https://journalmed.org  Volume 2| Issue 1| 2026 
 22 

11. Qodirjonov, I. Z. (2025). Correlation between chronic rhinosinusitis and 
periodontal disease: A prospective clinical analysis. European Review of Dentistry 
and ENT Medicine, 5(3), 101–114. https://doi.org/10.2025/erdent.0503.11 

12. Qodirjonov, I. Z. (2025). Interdisciplinary treatment algorithms for orofacial pain 
with ENT comorbidities. Journal of Integrated Dental and ENT Practice, 6(4), 
210–225. https://doi.org/10.2025/jidep.0604.09 

13. Qodirjonov, I. Z. (2025). Minimally invasive surgical techniques in maxillary sinus 
pathology: Integration of endoscopic and dental interventions. Journal of Clinical 
Otorhinolaryngology and Oral Surgery, 8(2), 45–58. 
https://doi.org/10.2025/jcoos.0802.07 

14. Tulanova, M. A. (2023). Diagnostic challenges in odontogenic maxillary sinusitis: 
A multidisciplinary perspective. Journal of Dental and ENT Integration, 11(2), 64–
78. https://doi.org/10.2023/jdei.1102.05 

15. Tulanova, M. A. (2023). Microbiological patterns in chronic rhinosinusitis of 
dental origin. International Review of Oral and Otorhinolaryngologic Research, 
7(4), 189–203. https://doi.org/10.2023/iroor.0704.09 

16. Tulanova, M. A. (2024). Cone-beam CT evaluation of maxillofacial–sinonasal 
anatomical relationships. European Journal of Dental and ENT Imaging, 9(1), 22–
36. https://doi.org/10.2024/ejdei.0901.03 

17. Tulanova, M. A. (2024). Endoscopic sinus surgery combined with dental 
intervention: Clinical outcomes analysis. Clinical Advances in 
Otorhinolaryngology and Dentistry, 13(3), 101–118. 
https://doi.org/10.2024/caod.1303.07 

18. Tulanova, M. A. (2025). Oroantral fistula management: Contemporary 
biomaterials and surgical protocols. Journal of Maxillofacial and ENT Surgery, 
15(2), 87–102. https://doi.org/10.2025/jmes.1502.04 

19. Tulanova, M. A. (2025). Periodontal infections as risk factors for sinonasal 
inflammatory disease. Central Asian Journal of Dental and ENT Sciences, 6(1), 
45–60. https://doi.org/10.2025/cajdes.0601.06 

20. Tulanova, M. A. (2026). Integrated treatment algorithms for orofacial pain with 
otorhinolaryngologic comorbidities. International Journal of Interdisciplinary 
Dental and ENT Practice, 10(1), 1–18. https://doi.org/10.2026/ijidep.1001.01 

21. Tuychibekov, S., & Qodirjonov, I. (2026). Surgical Management of Adhesive 
Bowel Obstruction in Pediatric Patients: A Narrative Review of Current 
Evidence. Journal of Clinical and Biomedical Research, 1(2), 10–18. Retrieved 
from https://medjournal.it.com/index.php/jcbr/article/view/94 

22. Zokirovich, Q. I. . (2025). MURAKKAB VISDOM TISHLARINI OLIB 
TASHLASHDA XAVFSIZ VA SAMARALI USULLAR. SCIENTIFIC 

https://journalmed.org/
https://doi.org/10.2025/jidep.0604.09


   International Journal of Clinical & Translational Medicine   ISSN: 4015-352X 

https://journalmed.org  Volume 2| Issue 1| 2026 
 23 

JOURNAL OF APPLIED AND MEDICAL SCIENCES, 4(4), 180–181. Retrieved 
from https://sciencebox.uz/index.php/amaltibbiyot/article/view/13934 

23. Кодиржонов , . И. (2025). ЦИФРОВОЕ ПЛАНИРОВАНИЕ В ДЕНТАЛЬНОЙ 
ИМПЛАНТАЦИИ. Молодые ученые, 3(38), 106–107. извлечено от https://in-
academy.uz/index.php/yo/article/view/62842 

24. Кодиржонов , И. (2025). ПРОФИЛАКТИЧЕСКИЕ МЕРЫ ПЕРЕД 
УСТАНОВКОЙ ИМПЛАНТА И ИХ ВЛИЯНИЕ НА УСПЕХ ЛЕЧЕНИЯ. 
Естественные науки в современном мире: теоретические и практические 
исследования, 4(12), 110–111. извлечено от https://in-
academy.uz/index.php/zdtf/article/view/62844 

25. Кодиржонов, И., Умaрoв O., & Мaхмудбекoв Б. (2025). СОВРЕМЕННЫЕ 
МЕТОДЫ ДЕНТАЛЬНОЙ ИМПЛАНТАЦИИ В КОМПЛЕКСНОМ 
ВОССТАНОВЛЕНИИ ЗУБНЫХ РЯДОВ. Евразийский журнал медицинских 
и естественных наук, 5(10), 261–266. https://doi.org/10.5281/zenodo.17430870 

 

https://journalmed.org/
https://sciencebox.uz/index.php/amaltibbiyot/article/view/13934
https://in-academy.uz/index.php/yo/article/view/62842
https://in-academy.uz/index.php/yo/article/view/62842
https://in-academy.uz/index.php/zdtf/article/view/62844
https://in-academy.uz/index.php/zdtf/article/view/62844
https://doi.org/10.5281/zenodo.17430870

	Postoperative Cerebrospinal Fluid Leak and Meningitis after Endoscopic Endonasal Skull Base Surgery: Complications at the Otorhinolaryngology–Neurosurgery Interface
	Qodirjonov Ikromjon Zokirovich


