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Editorial on the Research Topic

Assessment of intraoperative image technologies to optimize clinical
outcomes in neurosurgical oncology

During the recent decades, neurosurgery and neurosurgical oncology have undergone a
significant technological revolution, with new devices and applications being introduced to
increase surgical success rates and ensure patient safety. One critical innovation in this field
is intraoperative imaging, which has played a paramount role in providing reliable feedback
to surgeons during surgeries. From neuronavigation to augmented reality, a broad range of
intraoperative imaging techniques are currently available, each promising to overcome the
limitations of its predecessors. However, the rapid pace of technological progress has
prevented a thorough evaluation of the actual benefits of these new technologies, leading to
a lack of robust evidence to support their adoption. Indeed, the economic perspective of
these advancements and assumed improvements have been largely disregarded, further
hindering the offer of comprehensive recommendations to health systems worldwide.

Increasing the extent of resection in
neurosurgical oncology

In neurosurgical oncology, recent research has focused on two main objectives:
maximizing the extent of tumor resection while preserving functionality and studying
tumoral and peritumoral samples in the intraoperative setting (1, Restelli et al.). This
Research Topic highlights the advancements in intraoperative imaging techniques
contributing to these essential goals.

In the quest to enhance tumor resection, several studies have explored the use of
intraoperative ultrasound (IoUS) and magnetic resonance imaging (ioMRI) (1-7). Wang
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et al. demonstrated the effectiveness of IoUS in recurrent glioma
surgery, resulting in reduced residual tumor volume, improved
postoperative outcomes, and fewer recurrences. Concurrently,
Becerra et al. found that 1.5-T high-field ioMRI was a safe and
dependable tool in pediatric neuro-oncology surgeries, maximizing
tumor resection without increasing neurological deficits
or complications.

Integrating diffusion tensor imaging (DTI) tractography with
neuronavigation, as explored by Shi et al., has shown promise in
preserving visual function during tumor resection in the optic
radiation area. Combining these techniques led to better visual
outcomes and the identification of clinical factors impacting
patients’ visual function and quality of life.

A new and burgeoning field in glioma surgery involves the use
of 5-ALA, not as a surgical guidance tool to enhance extent of
resection but as a therapeutic adjuvant. Ferres et al. observed a
significant reduction on glioma recurrence within the first
centimeter from the surface of surgical cavity in a cohort of
patients undergoing 5-ALA guided surgery compared to those
operated without it. Their findings, supported by previous
evidence (8, 9), lead authors to recommend intensifying research
efforts in this promising field (Ferres et al.).

Intraoperative approach to
histological sample analysis

In parallel with the advancements in tumor resection techniques,
researchers have also made strides in studying tumoral and peritumoral
samples in the intraoperative setting. Restelli et al. conducted a
comprehensive review of sodium fluorescein-based confocal laser
imaging using the CONVIVO system, highlighting its promising
diagnostic performance compared to standard histopathology
methods. Nonetheless, further optimization of sodium fluorescein
protocols and larger clinical trials are necessary to establish its
position in routine clinical practice.

The potential of optical coherence tomography (OCT) for
detecting peritumoral white matter damage and residual tumor
detection has been investigated by Achkasova et al. and Kuppler
et al. Achkasova et al. found that visual assessment of structural
OCT images and color-coded maps enabled differentiation of tissue
types, with color-coded maps exhibiting higher diagnostic accuracy.
Kuppler et al. reported that contactless in vivo OCT scanning
achieved high accuracy for residual tumor detection, supporting
ex vivo OCT brain tumor scanning and complementing existing
intraoperative techniques.

Intraoperative imaging devices in
endoscopic skull base surgery

While advancements in optics, lighting, and imaging displays have
greatly improved the field of endoscopic skull base surgery, the
adoption of surgical innovations used in open surgery has been
limited. Recent advancements in probe sizes and image
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reconstruction algorithms have increased the use of IoUS in
endoscopic skull base surgery (10, 11). End-firing and side-firing
probes enhance depth assessment and anatomical real-time guidance
during surgery. In this Research Topic, Baker et al. illustrated the utility
and potential benefits of side-firing IoUS in endoscopic surgeries for
clival chordomas and neuroendocrine pituitary tumors (Baker et al.).
Through their research, Baker et al. have demonstrated that the use of
IoUS in endoscopic surgery improves surgeon s judgement of extent of
resection. Additionally, this technique demonstrated reduced operative
time and the decreased incidence of postoperative endocrine deficits.

Cost effectiveness evidence for
intraoperative image technologies

Literature regarding economic evaluation of surgical innovations in
neurosurgery is scarce (2, 12). Previous studies have not provided
conclusive evidence for a positive correlation between the cost of
implementing modern technologies and their clinical benefits.
Mosteiro et al. conducted a comparative cost-effectivenes study of
intraoperative magnetic resonance (iMR) and IoUS in glioma surgery.
Authors found that although iMR might be more expensive and time-
consuming, it yielded better clinical outcomes in terms of extent of
resection and postoperative performance status. As a result, iMR was
found to be cost-effective. However, efforts should be addressed to
thoroughly evaluate surgical technological advancements from a
clinical and economic perspective, centered on patient care and on
the respective social context.

Conclusion

This collection of ten articles ofters new insights on surgical
innovations applied to neuroncology: new applications of available
devices; cutting-edge technologies; clinical series evaluating the
benefits of state-of-the-art intraoperative imaging and a necessary
study on cost-effectiveness assessment. Moving forward, it will be
essential to conduct rigorous clinical trials to validate these
techniques and establish standardized protocols for their adoption
in settings where their benefit might be optimal. As the field
continues to evolve, the insights and findings presented in this
collection will serve as an important foundation for further
advancements in surgical innovation.

Author contributions
SG-G and SC designed and wrote the draft of this editorial

which was posteriorly reviewed by JH and RM-P. All authors
approved the final version of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1161496
https://doi.org/10.3389/fonc.2022.1021335
https://doi.org/10.3389/fonc.2022.955418
https://doi.org/10.3389/fonc.2022.1080685
https://doi.org/10.3389/fonc.2022.1080685
https://doi.org/10.3389/fonc.2022.998384
https://doi.org/10.3389/fonc.2023.1133074
https://doi.org/10.3389/fonc.2023.1151149
https://doi.org/10.3389/fonc.2023.1151149
https://doi.org/10.3389/fonc.2023.1133074
https://doi.org/10.3389/fonc.2023.1151149
https://doi.org/10.3389/fonc.2023.1039159
https://doi.org/10.3389/fonc.2022.1043697
https://doi.org/10.3389/fonc.2022.1043697
https://doi.org/10.3389/fonc.2022.1016264
https://doi.org/10.3389/fonc.2023.1202240
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Garcia-Garcia et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Fountain DM, Bryant A, Barone DG, Waqar M, Hart MG, Bulbeck H, et al.
Intraoperative imaging technology to maximise extent of resection for glioma: a
network meta-analysis. Cochrane Database Syst Rev (2021) 1(1):CD013630. doi:
10.1002/14651858.CD013630.pub2

2. Garcia-Garcia S, Garcia-Lorenzo B, Ramos PR, Gonzalez-Sanchez JJ, Culebras D,
Restovic G, et al. Cost-effectiveness of low-field intraoperative magnetic resonance in
glioma surgery. Front Oncol (2020) 10:586679. doi: 10.3389/fonc.2020.586679

3. Bassaganyas-Vancells C, Roldan P, Gonzalez J], Ferres A, Garcia S, Culebras D,
et al. Combined use of 5-aminolevulinic acid and intraoperative low-field magnetic
resonance imaging in high-grade glioma surgery. World Neurosurg (2019). 206-212
doi: 10.1016/j.wneu.2019.06.029

4. Jenkinson MD, Barone DG, Bryant A, Vale L, Bulbeck H, Lawrie TA, et al
Intraoperative imaging technology to maximise extent of resection for glioma. Cochrane
Database Syst Rev (2018) 1:CD012788. doi: 10.1002/14651858.CD012788.pub2

5. WuJS, Gong X, Song YY, Zhuang DX, Yao CJ, Qiu TM, et al. 3.0-T intraoperative
magnetic resonance imaging-guided resection in cerebral glioma surgery: interim
analysis of a prospective, randomized, triple-blind, parallel-controlled trial.
Neurosurgery (2014) 61(Suppl 1):145-54. doi: 10.1227/NEU.0000000000000372

6. Senft C, Bink A, Heckelmann M, Gasser T, Seifert V. Glioma extent of resection
and ultra-low-field iMRI: interim analysis of a prospective randomized trial. Acta
Neurochir Suppl (2011) 109:49-53. doi: 10.1007/978-3-211-99651-5_8

Frontiers in Oncology

03

10.3389/fonc.2023.1202240

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

7. Barone DG, Lawrie TA, Hart MG. Image guided surgery for the resection of brain
tumours. Cochrane Database Syst Rev (2014) 2014(1):CD009685. doi: 10.1002/
14651858.CD009685.pub2

8. Leroy HA, Guerin L, Lecomte F, Baert G, Vignion AS, Mordon S, et al. Is
interstitial photodynamic therapy for brain tumors ready for clinical practice? a
systematic review. Photodiagnosis Photodyn Ther (2021) 36:102492. doi: 10.1016/
j.pdpdt.2021.102492

9. Lietke S, Schmutzer M, Schwartz C, Weller J, Siller S, Aumiller M, et al. Interstitial
photodynamic therapy using 5-ALA for malignant glioma recurrences. Cancers (Basel)
(2021) 13(8). doi: 10.3390/cancers13081767

10. Alomari A, Jaspers C, Reinbold WD, Feldkamp J, Knappe UJ. Use of
intraoperative intracavitary (direct-contact) ultrasound for resection control in
transsphenoidal surgery for pituitary tumors: evaluation of a microsurgical series.
Acta Neurochir (Wien) (2019) 161(1):109-17. doi: 10.1007/s00701-018-3747-x

11. Marcus HJ, Vercauteren T, Ourselin S, Dorward NL. Intraoperative ultrasound
in patients undergoing transsphenoidal surgery for pituitary adenoma: systematic
review [corrected]. World Neurosurg (2017) 106:680-5. doi: 10.1016/
j-wneu.2017.07.054

12. Tan-Torres Edejer T, Baltussen R, Adam T, Hutubessy R, Acharya A, Evans DB,
et al. Making choices in health: WHO guide to cost-effectiveness analysis.: world health
organization. Geneva, Switzerland: World Health Organization. (2003). p. 318.

frontiersin.org


https://doi.org/10.1002/14651858.CD013630.pub2
https://doi.org/10.3389/fonc.2020.586679
https://doi.org/10.1016/j.wneu.2019.06.029
https://doi.org/10.1002/14651858.CD012788.pub2
https://doi.org/10.1227/NEU.0000000000000372
https://doi.org/10.1007/978-3-211-99651-5_8
https://doi.org/10.1002/14651858.CD009685.pub2
https://doi.org/10.1002/14651858.CD009685.pub2
https://doi.org/10.1016/j.pdpdt.2021.102492
https://doi.org/10.1016/j.pdpdt.2021.102492
https://doi.org/10.3390/cancers13081767
https://doi.org/10.1007/s00701-018-3747-x
https://doi.org/10.1016/j.wneu.2017.07.054
https://doi.org/10.1016/j.wneu.2017.07.054
https://doi.org/10.3389/fonc.2023.1202240
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Editorial: Assessment of intraoperative image technologies to optimize clinical outcomes in neurosurgical oncology
	Increasing the extent of resection in neurosurgical oncology
	Intraoperative approach to histological sample analysis
	Intraoperative imaging devices in endoscopic skull base surgery
	Cost effectiveness evidence for intraoperative image technologies
	Conclusion
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


