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Abstract

Background
Optimal surgical corridor selection for deep-seated midline meningiomas remains controversial,
particularly regarding the balance between adequate exposure and preservation of surrounding cortex.
Comparative data quantifying postoperative cortical injury between transcortical and interhemispheric
approaches are limited.

Methods
We conducted a retrospective single-center study of patients with deep-seated midline meningiomas
treated between 2002 and 2023. Cortical injury was quantified using early postoperative contrast-
enhanced MRI and measured independently by two neuroradiologists. Propensity score matching (1:1,
caliper = 0.2) was performed based on age, sex, and tumor location to compare transcortical and
interhemispheric corridors. The primary endpoint was MRI-defined cortical injury burden (cm²).
Secondary outcomes included complications, reoperation, mortality, extent of resection, and recurrence-
free survival.

Results
Among 38 patients with radiologically assessable cortical injury (13 transcortical, 25 interhemispheric),
propensity score matching yielded 13 balanced pairs. Mean cortical injury was significantly lower with
the transcortical approach both before matching (0.96 ± 0.42 cm² vs 1.96 ± 1.35 cm²; p < 0.001) and after
matching (0.96 ± 0.42 cm² vs 1.65 ± 1.10 cm²; p = 0.003). Perioperative complication and reoperation
rates were comparable between matched groups, whereas mortality occurred only in the
interhemispheric cohort without reaching statistical significance. Recurrence was uncommon, with a 5-
year recurrence-free survival rate of 98.2%.

Conclusions
In deep-seated midline meningiomas, surgical corridor selection is associated with measurable
differences in cortical preservation. The transcortical approach demonstrated significantly lower MRI-
defined cortical injury without compromising short-term clinical or oncological outcomes. These findings
support selective use of transcortical access when anatomical conditions are favorable and highlight the
importance of corridor-based decision-making in meningioma surgery.

Introduction
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Meningiomas are among the most common primary tumors of the central nervous system and represent
a biologically heterogeneous group of lesions with highly variable clinical behavior and surgical
complexity (1–3). Although the majority are histologically benign, their anatomical location—particularly
when situated along the midline or within deep-seated compartments—often determines operative risk,
functional outcome, and long-term prognosis more than histological grade alone (4, 5). In such regions,
the neurosurgeon is confronted not merely with tumor removal, but with the fundamental challenge of
choosing the safest surgical corridor through vulnerable cortex and critical venous structures.

For deep-seated and midline meningiomas, the interhemispheric approach has traditionally been
regarded as the standard operative route, providing direct access while avoiding transgression of
eloquent cortical surfaces (6, 7). However, this corridor is not without consequence. Retraction-related
cortical injury, venous compromise, and limited working angles may contribute to neurological morbidity
despite technically successful tumor resection (8, 9). As microsurgical techniques and neuroimaging
guidance have evolved, alternative strategies—most notably the transcortical approach through carefully
selected non-eloquent cortex—have gained renewed attention as potentially less disruptive pathways to
deep lesions (10–12).

The conceptual shift underlying transcortical access is subtle yet important. Rather than prioritizing
anatomical tradition, modern corridor selection increasingly emphasizes quantifiable tissue preservation
and minimization of collateral injury. Advances in postoperative magnetic resonance imaging (MRI) now
allow objective measurement of cortical disruption, transforming what was once a qualitative surgical
impression into a measurable biological outcome (13, 14). Despite this progress, comparative evidence
directly evaluating cortical injury burden between transcortical and interhemispheric corridors in deep-
seated meningiomas remains limited, and most available studies rely on heterogeneous tumor
populations, small case series, or indirect functional endpoints (15–17).

Another persistent limitation in the literature is selection bias inherent to retrospective surgical decision-
making. Surgeons intuitively choose corridors based on tumor geometry, venous anatomy, and perceived
eloquence, making straightforward comparisons between approaches methodologically challenging.
Propensity score matching (PSM) has emerged as a robust statistical strategy to mitigate such bias in
observational neurosurgical research, enabling balanced comparison of treatment groups when
randomized trials are impractical or ethically unfeasible (18, 19). However, the application of PSM
specifically to corridor-based analysis in meningioma surgery has been scarce.

Beyond methodological considerations, an unresolved clinical question remains:

Does surgical corridor selection meaningfully influence measurable cortical preservation without
compromising oncological adequacy or perioperative safety? Answering this question is not merely
academic. Corridor-dependent tissue injury may underlie subtle neurological deficits, cognitive decline,
or delayed functional recovery that are not fully captured by traditional outcome scales. Therefore,
understanding the relationship between operative pathway and biological tissue impact is essential for
refining contemporary meningioma surgery toward a more preservation-oriented paradigm.
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In this context, the present study analyzes a consecutive single-center experience with deep-seated
midline meningiomas, directly comparing transcortical and interhemispheric approaches using MRI-
defined cortical injury burden as the primary outcome. By incorporating propensity score matching to
balance baseline characteristics and by examining perioperative safety alongside recurrence outcomes,
this work aims to provide a clinically meaningful assessment of corridor selection in modern
meningioma surgery. We hypothesized that, in appropriately selected patients, the transcortical
approach would be associated with reduced postoperative cortical injury while maintaining comparable
short-term clinical and oncological results.

Through this focused evaluation of surgical corridors rather than tumor histology alone, the study seeks
to contribute to an evolving neurosurgical principle:

that optimal tumor surgery is defined not only by the completeness of resection, but also by the degree
of preserved brain integrity achieved along the path to removal.

Methods

Study Design and Ethical Approval
This retrospective single-center cohort study evaluated patients who underwent surgical treatment for
deep-seated midline meningiomas between January 2002 and December 2023 at a tertiary
neurosurgical referral center. The study protocol was approved by the institutional ethics committee
(Protocol No. 2023/20), and the requirement for individual informed consent was waived because of the
retrospective design and anonymized data analysis. All procedures were conducted in accordance with
the Declaration of Helsinki and relevant institutional regulations.

Patient Selection and Cohort Definition
Patients were screened from a prospectively maintained surgical database including histopathologically
confirmed intracranial meningiomas. For this corridor-focused analysis, only deep-seated midline tumors
—specifically falcine, medial parasagittal, and intraventricular meningiomas—were included. Patients
younger than 18 years, those with incomplete clinical or radiological records, and those lacking early
postoperative magnetic resonance imaging (MRI) suitable for cortical injury assessment were excluded.
Eligible patients were categorized according to the surgical corridor used for tumor access as either
transcortical or interhemispheric.

Surgical Techniques
All operations were performed under operative microscopy using standard microsurgical techniques. In
the transcortical approach, a tailored craniotomy was created to access the lesion through a limited
corticotomy within non-eloquent cortex, guided by preoperative imaging and intraoperative anatomical
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landmarks, followed by tumor debulking and capsule dissection with minimal fixed retraction to preserve
surrounding parenchyma. In the interhemispheric approach, a midline craniotomy exposed the
interhemispheric fissure, and microsurgical dissection proceeded along the falx and pericallosal cisterns
with gentle medial retraction while preserving bridging veins and venous sinuses before standard
internal decompression and circumferential tumor removal.

MRI Acquisition and Quantification of Cortical Injury
Early postoperative contrast-enhanced MRI obtained within three months after surgery was used to
evaluate cortical injury. Imaging was performed on a 1.5-T system using standardized T1-weighted
gadolinium-enhanced sequences. Cortical injury was primarily defined on contrast-enhanced T1-
weighted imaging and corroborated by corresponding signal alteration on non-contrast T1 and T2/FLAIR
sequences when available. Cortical injury was defined as a new postoperative hypointense or contrast-
enhancing cortical signal alteration adjacent to the surgical corridor. Lesion surface area in square
centimeters was independently measured by two blinded neuroradiologists, and interobserver
agreement was assessed using Cohen’s kappa statistics. The primary endpoint of the study was MRI-
defined cortical injury burden.

Clinical and Surgical Variables
Collected clinical and surgical variables included age, sex, tumor location, World Health Organization
grade, extent of resection according to the Simpson classification, perioperative complications,
reoperation, postoperative mortality, and tumor recurrence with recurrence-free survival.

Propensity Score Matching
To reduce treatment-selection bias inherent to retrospective corridor choice, propensity score matching
was performed using a logistic regression model incorporating age, sex, and tumor location to estimate
the probability of receiving the transcortical approach. One-to-one nearest-neighbor matching without
replacement was applied with a caliper width of 0.2, yielding balanced cohorts for comparative analysis.

Statistical Analysis
Continuous variables are presented as mean ± standard deviation and were compared using Student’s t
test after assessment of normality. Categorical variables were analyzed using the chi-square or Fisher’s
exact test as appropriate. Recurrence-free survival was estimated using the Kaplan–Meier method. All
statistical tests were two-sided, and a p value < 0.05 was considered statistically significant. Statistical
analyses were performed using SPSS version 25 and Stata version 17.

Results
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Patient Cohort and Propensity-Matched Population
Among surgically treated patients with deep-seated midline meningiomas, 38 individuals had
radiologically assessable postoperative cortical injury and were eligible for corridor-based comparison,
including 13 treated via a transcortical approach and 25 via an interhemispheric approach. Propensity
score matching generated 13 well-balanced pairs without significant differences in baseline
demographic or tumor characteristics between groups (Table 1). The process of patient selection and
propensity score matching is illustrated in Fig. 1.

Table 1
Baseline Characteristics Before and After Propensity Matching

Variable Transcortical
(n = 13)

Interhemispheric
Unmatched (n = 25)

Interhemispheric
Matched (n = 13)

p
(matched)

Age, years
(mean ± SD)

57.8 ± 15.7 61.2 ± 14.8 58.9 ± 14.2 > 0.05

Female sex, n (%) 9 (69.2) 17 (68.0) 9 (69.2) > 0.05

Falx location, n
(%)

7 (53.8) 17 (68.0) 8 (61.5) > 0.05

Parasagittal
medial, n (%)

3 (23.1) 6 (24.0) 3 (23.1) > 0.05

Intraventricular, n
(%)

3 (23.1) 2 (8.0) 2 (15.4) > 0.05

MRI-Defined Cortical Injury
The primary endpoint—postoperative MRI-defined cortical injury burden—differed significantly between
surgical corridors. Before matching, the transcortical approach demonstrated a markedly smaller mean
cortical injury area compared with the interhemispheric approach (0.96 ± 0.42 cm² vs 1.96 ± 1.35 cm²; p 
< 0.001). This difference remained statistically significant after propensity matching, with cortical injury
measuring 0.96 ± 0.42 cm² in the transcortical group versus 1.65 ± 1.10 cm² in the interhemispheric
group (p = 0.003; Table 2).
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Table 2
Surgical and Clinical Outcomes in the Propensity-Matched Cohort

Outcome Transcortical (n = 13) Interhemispheric (n = 13) p value

Cortical injury, cm² (mean ± SD) 0.96 ± 0.42 1.65 ± 1.10 0.003

Any complication, n (%) 2 (15.4) 2 (15.4) > 0.05

Reoperation, n (%) 1 (7.7) 1 (7.7) > 0.05

Mortality, n (%) 0 (0) 1 (7.7) > 0.05

Simpson grade I resection, n (%) 9 (69.2) 9 (69.2) > 0.05

Tumor recurrence, n (%) Rare Rare —

Functional Outcome (mRS Shift)
Functional outcomes differed by corridor. Postoperative mRS improvement was more frequent after the
transcortical approach (76.9% vs 28.0%), while major adverse outcomes (death or mRS worsening)
occurred only in the interhemispheric cohort (Table 3).

Table 3
Functional outcome (mRS shift) and major adverse events by surgical corridor (n = 38)

Outcome Transcortical (n = 
13)

Interhemispheric (n = 
25)

p
value*

Death (mRS 6) 0 (0.0%) 3 (12.0%) 0.538

mRS improved (any decrease) 10 (76.9%) 7 (28.0%) 0.006

mRS unchanged 2 (15.4%) 10 (40.0%) —

mRS worsened (new deficit; any
increase)

0 (0.0%) 5 (20.0%) 0.144

Major adverse outcome (death OR mRS
worsening)

0 (0.0%) 8 (32.0%) 0.034

mRS indicates modified Rankin Scale. “Improved” was defined as any decrease in postoperative mRS
compared with preoperative mRS; “worsened” as any increase; “unchanged” as no change. “Major adverse
outcome” was defined as death (mRS 6) or mRS worsening. p values were calculated using two-sided
Fisher’s exact test for key binary comparisons

Perioperative Outcomes
Perioperative complication and reoperation rates were comparable between matched cohorts, while
mortality occurred only in the interhemispheric group without reaching statistical significance (Table 2).
Postoperative MRI-defined cortical injury remained significantly lower in the transcortical cohort after
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propensity matching, as demonstrated by both quantitative distribution and representative imaging
findings (Fig. 2).

Extent of Resection and Recurrence
Complete tumor removal according to the Simpson classification was achieved in the majority of cases
across both groups. Tumor recurrence was uncommon, and Kaplan–Meier analysis demonstrated a 5-
year recurrence-free survival rate of 98.2% for the overall cohort, without evidence of corridor-dependent
oncological disadvantage.

Discussion
Deep-seated midline meningiomas force the surgeon into a familiar trade-off: obtain durable tumor
control while minimizing collateral injury along the access corridor. Contemporary guidance emphasizes
maximal safe resection and individualized risk–benefit decision-making in meningiomas, yet the concept
of “surgical cost” is still often reduced to crude endpoints such as neurological deficit or reoperation
(20). At the same time, the modern WHO framework and emerging molecular risk models increasingly
refine the oncologic side of this equation, making it more important—not less—to quantify the iatrogenic
side with comparable rigor (21,22).

In this propensity-matched comparison, we found that a transcortical corridor was associated with a
substantially smaller burden of MRI-defined cortical injury than an interhemispheric corridor, while
perioperative complication and reoperation rates remained comparable. This is clinically meaningful for
two reasons. First, cortical injury adjacent to the surgical trajectory plausibly represents the “hidden half”
of morbidity—structural change that may not translate into an immediate major deficit but could still
contribute to seizures, subtle cognitive effects, or reduced neurological reserve. Second, this injury is, in
principle, modifiable: corridor choice, retraction strategy, venous preservation, and the geometry of
exposure are all surgeon-controlled variables.

Our findings align with a broader shift in meningioma surgery toward outcome measures that integrate
imaging, technique, and biology. Classic extent-of-resection constructs such as Simpson grading remain
relevant for describing operative intent and dural management, but multiple modern reviews have
highlighted the limitations of Simpson grades as a proxy for durable control in the MRI era—particularly
when tumor behavior is increasingly understood as a biologically stratified spectrum (23). In this context,
demonstrating a low recurrence signal in both corridor groups supports the practical interpretation that
reduced cortical injury does not necessarily require an oncologic compromise—at least within the follow-
up horizon and surgical context of this series.

Why might the interhemispheric route show greater cortical injury burden despite its appeal as a
“natural” midline corridor? The interhemispheric fissure is not a frictionless freeway; it is a crowded
neurovascular ecosystem. Published interhemispheric series consistently emphasize that morbidity is
often driven not by the tumor itself, but by venous anatomy, bridging veins, falcine attachments, and the
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mechanical demands of sustained retraction (24). In contrast, the modern transcortical philosophy—
especially for large falcine lesions—has been reframed as a deliberate widening of the operative corridor
when interhemispheric constraints or venous risk dominate, with contemporary series supporting its
feasibility and safety in selected cases (25). Endoscopic contralateral or transfalcine keyhole strategies
further illustrate the same principle from another angle: the goal is not simply “smaller opening,” but a
corridor that minimizes manipulative stress on eloquent structures while preserving venous outflow (26).

Our results also fit with the evolving science of brain retraction. Reviews of modern retractors emphasize
that retraction injury is multifactorial—pressure, duration, edge effects, and tissue heterogeneity—rather
than a binary event (27). Clinical series using tubular or parafascicular access technologies in deep
lesions aim to distribute stress radially and reduce focal compression, reflecting a field-wide attempt to
transform “corridor trauma” into a measurable, preventable variable (28). Importantly, large
contemporary analyses of keyhole paradigms have begun to incorporate acute MRI signal changes (e.g.
FLAIR/T2 alterations) as surrogate markers of brain manipulation and retraction injury, legitimizing
postoperative imaging as a window into surgical invasiveness beyond traditional complication reporting
(29). Mechanistic work using finite element modeling also supports the intuition that retraction geometry
and device type influence predicted stress distributions—an engineering echo of what surgeons feel at
the microscope (30).

Methodologically, the use of propensity score matching strengthens the corridor comparison by reducing
confounding from baseline imbalances that often dominate retrospective surgical datasets. However,
PSM is not a magic wand: it balances measured covariates, not unmeasured surgical nuances (31). We
therefore treated PSM as a tool for pragmatic causal approximation, following contemporary
recommendations for propensity-based analyses and transparent reporting (32). Even after matching,
factors such as surgeon preference, microtechnical maneuvers, and fine-grained venous anatomy may
still influence both corridor selection and cortical injury burden.

Several limitations deserve emphasis. This is a retrospective, single-center study with a modest matched
sample size, and the cortical injury endpoint is imaging-defined rather than purely clinical. The
measurement approach—surface area assessment adjacent to the corridor—captures an interpretable
and reproducible signal but may underestimate three-dimensional injury extent or diffuse manipulation
effects. Imaging timing within the early postoperative window may also introduce variability in
enhancement patterns and evolving parenchymal changes. Finally, while our recurrence observations are
reassuring, longer follow-up and molecular stratification would further clarify whether corridor-related
differences in tissue injury interact with tumor biology or adjuvant strategy.

Despite these constraints, the central message is practical: when both corridors are technically feasible
for deep-seated midline meningiomas, the transcortical route may reduce MRI-defined cortical injury
burden without an obvious penalty in perioperative safety or early oncologic control. This supports a
corridor-selection philosophy that explicitly treats “surgical corridor injury” as a quantifiable outcome—
one that can be optimized alongside extent of resection, venous preservation, and functional protection.
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Future multi-institutional datasets, volumetric injury quantification, and integration with cognitive/seizure
outcomes may help translate this imaging endpoint into an actionable metric for surgical planning and
quality improvement.

Conclusion
In this propensity-matched analysis of deep-seated midline meningiomas, the transcortical surgical
corridor was associated with a significantly lower burden of postoperative MRI-defined cortical injury
compared with the interhemispheric approach, without an apparent increase in perioperative
complications or early oncological compromise. These findings suggest that corridor selection
represents a modifiable determinant of structural brain preservation and should be considered alongside
extent of resection, venous anatomy, and functional safety during operative planning.

Beyond traditional measures of surgical success, quantitative assessment of corridor-related tissue
injury may provide a complementary framework for evaluating microsurgical quality and refining patient-
specific decision-making in contemporary meningioma surgery. Prospective, multicenter studies
integrating volumetric imaging metrics, neurocognitive outcomes, and molecular tumor stratification are
warranted to validate cortical injury as a clinically actionable endpoint and to further define optimal
corridor strategies.
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Figures

Figure 1

Flow diagram of patient selection and propensity score matching

Figure 2
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Postoperative MRI-defined cortical injury according to surgical corridor in the propensity-matched cohort


