Brainstem Cavernous Malformation Surgical Outcomes Using Endoscopic-
Assisted Approaches: A Single-Arm Meta-Analysis of Safety and Efficacy
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Endoscopic-assisted resection of BSCMs achieves high
gross total resection with acceptable complication rates
and durable short-term disease control.

Introduction

Skull base epidermoid cysts: rare, benign, but technically
challenging lesions

Morbidity arises from cranial nerve and brainstem
compression

Gross total resection (GTR) desired, often limited by
adherence to critical neurovascular structures

* Outcomes vary across centers - need pooled evidence
to guide practice

Methods

PRISMA-guided systematic review (PubMed,
Embase, Scopus) through July 2025

Included clinical studies reporting endoscopic
assisted BSCM resection outcomes

Excluded case reports/series with <5 patients
Dual-reviewer screening + data extraction using a
structured database

Outcomes: GTR, new/worsened cranial nerve
deficits, CSF leak, recurrence/rebleed, neurologic
improvement, functional independence
Random-effects meta-analysis; pooled proportions
using Freeman—Tukey double arcsine
transformation

Heterogeneity assessed with |? and t?

Identification of studies via databases and registers
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Records removed before
screening:
Duplicate records removed
(n=15)
Records marked as ineligible
by automation tools (n =0)
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'

Records screened Records excluded**
—>
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Reports sought for retrieval Reports not retrieved
(n=78) (n =0)
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Reports assessed for eligibility Reports excluded: 75
(n =78) — Reasons (combined): case

reports or <3 BSCVM
patients; purely microscopic
series (no endoscope);
reviews/editorials without
new data; wrong
population/lesion; insufficient
extractable BSCVM data.
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Studies included in review
(n=3)

Reports of included studies
(n=3)
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CN deficit results

Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nayak 2015 1 4 14.8% 0.25[0.01;0.81] Lo
Oertel 2022 4 20 67.2% 0.20 [0.06; 0.44] -
Takeuchi 2024 1 5 18.0% 0.20[0.01;0.72] +
Total (95% Cl) 29 100.0% 0.19 [0.05; 0.38] —-.-—
Prediction interval [0.00; 0.62]
Heterogeneity: Tau® = 0; Chi® = 0.14, df = 2 (P = 0.9340); I° = 0.0% ' ! ! ! !
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CSF Leak
Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nayak 2015 1 4 45.0% 0.25[0.01;0.81] -
Takeuchi 2024 1 5 55.0% 0.20[0.01; 0.72] =
Total (95% CI) 9 100.0% 0.22 [0.00; 0.58] —-.———

Prediction interval [0.00; 1.00]

Heterogeneity: Tau® = 0; Chi® = 0.03, df = 1 (P = 0.8597); I° = 0.0% ' ' ! ! !
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GTR results
Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nayak 2015 3 4 148% 0.75[0.19; 0.99] -
Oertel 2022 19 20 67.2% 0.95[0.75; 1.00] —
Takeuchi 2024 5 5 18.0% 1.00[0.48; 1.00]
Total (95% Cl) 29 100.0% 0.96 [0.83; 1.00] ——
Prediction interval [0.61; 1.00]

Heterogeneity: Tau® = 0; Chi® = 1.62, df = 2 (P = 0.4449); I* = 0.0% ' ! ! !
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Rebleed Recurrence

Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nayak 2015 0 4 45.0% 0.00[0.00;0.60] M8
Takeuchi 2024 0 5 55.0% 0.00[0.00; 0.52] .

Total (95% ClI) 9 100.0% 0.00 [0.00; 0.21] ——-—

Prediction interval [0.00; 1.00]

Heterogeneity: Tau® = 0; Chi® = 0.00, df = 1 (P = 0.9459); I° = 0.0% ' ' ! ' '
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STR results

Study Events Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Nayak 2015 1 4 27.0% 0.25[0.01;0.81] #

Oertel 2022 1 20 73.0% 0.05[0.00;0.25] -M——

Total (95% ClI) 24 100.0% 0.07 [0.00; 0.31] ~<CE———
Prediction interval [0.00; 1.00]
Heterogeneity: Tau® = 0.0133; Chi® = 1.39, df = 1 (P = 0.2377); I =28.3% | ' ! ! !
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Results

. 3 studies, 29 patients; mean follow-up 28.4 months
. GTR: 96% (95% CI 83—100)

. Subtotal resection: 7%

. New/worsened CN deficits: 19% (95% Cl 5—-38)

. Postoperative CSF leak: 22% (95% Cl 0-58)

Recurrence/rebleed: 0 cases reported during follow-up

. Perioperative mortality: low through last follow-up
. Most patients demonstrated neurologic improvement

and retained functional independence

. Minimal heterogeneity across outcomes (consistent

reporting despite small sample)

Discussion

. Endoscopic-assisted BSCM surgery shows high

resection rates and durable disease control in
limited available data

. Main postoperative concerns: CN deficits and CSF

leak - emphasizes careful selection + meticulous
reconstruction

. Findings are consistent across studies, but evidence

base remains small

. Larger multicenter prospective series needed to:

1. refine patient selection

2. standardize functional outcome measures

3. validate long-term benefit of endoscopic
assistance
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