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Summarize the findings of: Honeyman Sl, Boukas A, Akhbari M, Okoli B, Stacey R,
Apostolopoulos V, Plaha P. Awake versus asleep craniotomy for eloquent glioblastoma: a
systematic review and meta-analysis. Neurosurg Rev. 2025 Sep 1,48(1):628. doi:
10.1007/s10143-025-03787-5. PMID: 40887547. Give me the bibliography you use in
Vancouver form. Our dialogue in English.

Here is a summary of the findings, and the bibliography in Vancouver style.

Summary of the findings

Objective / scope

The reviewed article (Honeyman et al.) is a systematic review and meta-analysis comparing awake
versus asleep craniotomy in patients with gliomas located in eloquent brain regions, focusing on
functional and oncological outcomes. The primary endpoints included extent of resection (EOR),
overall survival (OS), progression-free survival (PFS), rates of postoperative neurological deficits,
Karnofsky Performance Score (KPS) at 3 months, and seizure freedom; secondary outcomes
included operative time and length of hospital stay (LOS).

Methods
o The authors searched MEDLINE / PubMed up to December 2022.

» They identified 15 studies including a total of 2,032 patients: 800 (39.4 %) underwent awake
craniotomy and 1,232 (60.6 %) underwent asleep craniotomy.

» Meta-analysis was performed, pooling mean differences (MD) or odds ratios (OR) as
appropriate.

Key findings
Compared to asleep craniotomy, the awake craniotomy group had:

» Greater extent of resection (EOR): Mean difference = 8.52 % (95 % Cl 4.28 t0 12.76, p <
0.00001)

« Longer overall survival (OS): MD = 2.86 months (95 % CI 1.35 to 4.37, p = 0.0002)

» Longer progression-free survival (PFS): MD = 5.69 months (95 % CI 0.75 to 10.64, p =
0.02)

» Higher KPS at 3 months postoperatively: MD = 13.59 points (95 % CI 11.08 to 16.09, p <
0.00001)

» Greater seizure freedom at 3 months: OR = 8.72 (95 % CI 3.39 to 22.39, p < 0.00001)

» Lower 3-month postoperative neurological deficit rate: OR = 0.47 (95 % CI 0.28 to 0.78,
p = 0.004)
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Shorter hospital stay (LOS): MD = —2.99 days (95 % CI —5.09 to —0.88, p = 0.005)

No significant difference in operative time: MD = 37.88 minutes (95 % Cl -34.09 to
109.86, p = 0.30)

Interpretation & recommendations

The authors conclude that awake craniotomy offers benefits in functional and oncological outcomes
for gliomas in eloquent areas: better resection, survival, functional recovery, and shorter hospital
stay, without prolonging operative time. They suggest that whenever feasible, awake craniotomy
should be preferred for eloquent-region glioma resections.

Limitations / caveats

The included studies are observational, not randomized trials, thus subject to selection
biases.

Heterogeneity across studies (tumor types, patient selection, surgical technique) may affect
generalizability.

The review encompasses “gliomas in eloquent regions,” not exclusively glioblastomas;
extrapolating to GBM specifically requires caution.

Some outcomes (especially survival differences) may be influenced by confounders not fully
adjusted for in the original studies.

Overall, the meta-analysis supports the use of awake craniotomy in eloquent glioma surgery, with
potential functional and survival advantages relative to asleep craniotomy.
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If you like, | can also fetch the full paper and give you a more detailed breakdown (methods,
individual studies, forest plots). Do you want me to do that?
yes

| was able to locate expanded information (though not the full text of the 2025 Honeyman et al.
review) and related literature. Below is a more detailed breakdown with methods, key results, and
caveats, plus additional context from related studies.

Detailed Breakdown & Contextual Findings

Methods (as reported / inferred)

» Honeyman et al. performed a systematic review and meta-analysis comparing awake versus
asleep craniotomy in eloquent glioma surgery (specifically targeting glioblastoma/ high-grade
glioma in eloquent regions). They searched MEDLINE / PubMed up to December 13, 2022.
Johns Hopkins University +1

o They pooled data from 15 studies with a total of 2,032 patients (800 awake, 1,232 asleep) for
various outcomes including extent of resection (EOR), overall survival (OS), progression-free
survival (PFS), neurological deficits at 3 months, seizure freedom, 3-month KPS, length of
stay (LOS), and operative time. Johns Hopkins University +1

» Statistical methods: they calculated mean differences (MD) or odds ratios (OR) with 95 %
confidence intervals, under random- or fixed-effects models as appropriate (details of
heterogeneity or subgroup analyses are not fully reported in the abstract). Johns Hopkins
University

» They also assessed postoperative neurological deficits at 3 months, seizure freedom, and
functional status (KPS) at 3 months. Johns Hopkins University +1

 In their discussion, they note heterogeneity across included studies in tumor histology,
definitions, patient selection, surgical technique, and follow-up, and caution that all included
studies are observational (i.e. non-randomized), subject to bias and confounding. Johns
Hopkins University +1

» They recommend further prospective and ideally randomized studies to reduce bias.
PubMed +1

Because | could not retrieve the full text of the Honeyman et al. 2025 article, some internal details
(e.g. inclusion / exclusion criteria, forest plots, heterogeneity measures (1?), subgroup analyses)
remain unknown to me.

Key Results (from Honeyman et al. and confirming in abstracts /
secondary sources)

Below are the main pooled results from Honeyman et al. (2025) as extracted from abstracts and
related reporting, supplemented by confirmation where available:
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Outcome

Extent of
Resection (EOR)

Pooled effect (awake vs
asleep)

Mean difference (MD) = +8.52
% (95 % Cl1 4.28 t0 12.76), p <
0.00001 Johns Hopkins
University +1

Interpretation / meaning

Awake craniotomy is associated
with approximately 8.5 % greater
resection extent compared to
asleep surgery

Overall Survival
(OS)

MD = +2.86 months (95 % CI
1.35 t0 4.37), p = 0.0002 Johns
Hopkins University +1

Awake group had a survival
advantage of about 2.9 months

Progression-

MD = +5.69 months (95 % CI

Awake group had a longer median

Free Survival 0.751t0 10.64), p =0.02 Johns  PFS by nearly 5.7 months
(PFS) Hopkins University +1
3-month KPS MD = +13.59 points (95 % Cl  Patients in awake group had

11.08 to 16.09), p < 0.00001
Johns Hopkins University

considerably better functional
status at 3 months

3-month Seizure

OR =8.72 (95 % Cl 3.39 to

Awake patients were more likely

Freedom 22.39), p < 0.00001 Johns to be seizure-free at 3 months
Hopkins University

3-month OR =0.47 (95 % Cl 0.28 to Awake surgery was associated

Neurological 0.78), p = 0.004 Johns Hopkins with lower odds of new

Deficit Rate University +1 neurological deficits at 3 months

Length of Stay
(LOS)

MD = -2.99 days (95 % Cl —
5.09 to —0.88), p = 0.005 Johns
Hopkins University +1

Awake patients had hospital stays
almost 3 days shorter on average

Operative Time

MD = +37.88 minutes (95 %
Cl -34.09 to 109.86), p = 0.30
Johns Hopkins University +1

No statistically significant
difference in operative duration

In sum, the pooled data strongly favor awake craniotomy across numerous functional and
oncological outcomes, with operative time not differing significantly.

The conclusions, as stated in the abstract and summaries, are:

“Awake craniotomy for gliomas in the eloquent regions benefits EOR, survival,
postoperative neurofunctional outcomes, and LOS. When feasible, awake
craniotomy should be preferred for surgical resection of gliomas in eloquent
regions.” PubMed +2 Johns Hopkins University +2

Comparisons with Prior Work & GBM-specific Considerations

Because many mapping/awake-vs-asleep analyses include mixed glioma grades, it is helpful to
consider prior evidence, especially focused on glioblastoma (GBM), for context.

» A prior systematic review and meta-analysis of awake versus asleep motor mapping (not
GBM specific) found a trend toward higher EOR in the awake group (mean ~90.1 % vs ~81.7
%) but did not show statistically robust differences in neurological deficits. PubMed
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» In a 2019 meta-analysis of awake craniotomy specifically for GBM (supratentorial), 14 studies
(278 patients) were included. They reported a pooled gross total resection (GTR) rate of 74.7
% (95 % CI 66.7—82.1) and a persistent (late) neurological deficit rate of 1.9 % (95 % CI 0.0-
9.2) PMC +1

» The authors of that review argued that awake craniotomy in GBM is feasible and associated
with low rates of long-term deficits, although they cautioned that the evidence is limited and
retrospective. PMC +1

» A more recent retrospective cohort of awake surgery in GBM (n = 32) found awake mapping
was successfully completed in 88 % of patients, positive mapping responses in 53 %, gross
total resection in 59 %, acute neurological deterioration in 25 % and persistent deficits at 3
months in 9 %. Median PFS and OS were 15.7 and 36.9 months, respectively. MDPI +1

o The authors of the MDPI paper (Osawa et al.) concluded that awake surgery in GBM is
reasonably safe, helps in detecting functional areas, and may contribute to maximal safe
resection, albeit with some risk of neurological worsening in the early postoperative period.
MDPI

Thus, the 2025 meta-analysis by Honeyman et al. expands upon and builds on earlier work by
pooling more recent studies and perhaps including more high-grade cases, and supports the idea
that awake craniotomy may confer both functional and survival advantages in eloquent-region
glioma surgery, including GBM contexts.

Strengths & Limitations (Expanded view)

Strengths:

» The meta-analysis includes a relatively large pooled patient number (2,032), which enhances
statistical power compared to earlier smaller reviews. Johns Hopkins University +1

» It encompasses multiple outcomes—both oncological (EOR, survival) and functional
(neurological deficits, KPS, seizures, LOS). Johns Hopkins University +2 PubMed +2

» The consistency of benefit across multiple metrics strengthens the case for awake surgery
when feasible.

e The inclusion of modern studies likely captures more updated surgical and mapping
techniques.

Limitations / Sources of Bias:

1. Non-randomized observational data
All included studies are observational (retrospective or prospective cohorts), with no
randomized controlled trials (RCTs) included. This raises risk of selection bias, confounding
(e.g., healthier patients or more favorable tumors might be preferentially selected for awake
surgery), and reporting bias. PubMed +2 Johns Hopkins University +2
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2. Heterogeneity between studies
Differences in tumor subtype (not all exclusively GBM), tumor location (different eloquent
areas), mapping techniques, definitions of outcomes (what constitutes a "neurological
deficit"), follow-up durations, patient age and comorbidities, surgical adjuncts, imaging
techniques, and adjuvant therapies. These reduce comparability and may inflate
heterogeneity.
The abstracts emphasize this heterogeneity as a limitation. PubMed +1

3. Confounding by indication
Surgeons may more often choose awake craniotomy for patients with lesions that are more
amenable (e.g. less deep, less swelling, better functional reserve). Patients with more
challenging lesions or higher risk might be assigned to asleep surgery, biasing toward better
outcomes in the awake group independent of the anesthetic method.

4. Limited data for GBM specifically
Although the review is titled for “glioblastoma,” many included studies are mixed glioma series
in eloquent brain regions. Thus, the specific effect in pure high-grade or GBM patients may be
diluted. The earlier GBM-specific meta-analysis (of AC) had much smaller numbers.
PMC +2 OUP Academic +2

5. Variability in reporting and follow-up
Not all studies report all endpoints; differences in follow-up duration may bias survival or
functional endpoints. Some may have incomplete data on long-term deficits.

6. Publication bias / small study effects
Studies with favorable results may be more likely to be published, leading to overestimation
of benefit.

7. Lack of granular subgroup and sensitivity analyses reported
Because | don’t have the full text, | cannot confirm whether the authors did subgroup
analyses (e.g. by tumor location, mapping method, patient age) or sensitivity analyses (e.g.
excluding low-quality studies). The abstract does not present those details.

8. Operative time wide confidence interval
Notably, the pooled operative time difference has a wide confidence interval (—34.09 to
+109.86 min), crossing zero and thus not significant; this indicates substantial variability and
uncertainty in that endpoint. PubMed +1

Given these limitations, the authors appropriately caution that while the results are promising, they
should be interpreted carefully, and stronger prospective or randomized data are needed.

Outlook, Ongoing Trials & Future Directions

 The PROGRAM study is an international, multicenter, prospective, observational three-arm
cohort (awake mapping vs asleep mapping vs no mapping) in high-grade glioma patients,
aimed at comparing neurological outcomes, residual tumor volumes, survival, and safety.
PMC

» The SAFE trial (awake vs asleep craniotomy in GBM) is registered but not yet reported
(NCT03861299) and would be among the first RCTs in this domain. PubMed +1
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» Improvements in intraoperative mapping, imaging (e.g. diffusion tractography, functional
MRI), real-time surgical guidance, and anesthesia techniques may reduce risk and expand
applicability of awake craniotomy.

o Future studies should include randomized designs or carefully matched prospective cohorts,
report subgroup analyses (by eloquent region, tumor depth, patient age), and standardize
outcome definitions (especially neurological deficits).

» More GBM-specific data are needed to confirm whether the advantages observed in mixed
glioma/eloquent-region series hold in the high-grade setting.

If you like, | can try to get you the full text (e.g. via institutional access) and extract all forest plots,
tables, and supplementary analyses in detail. Would you like me to attempt that?

No, thank you.

[15 Oct 2025]
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