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OUTLINE
• Updates in Neurooncology and Skull Base
–
–
–
–

Minimally invasive surgery with surgical technology
Integration of targeted therapy into patient care
Interdisciplinary management/clinical trials
Emerging technology: augmented reality, real-time
imaging
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Minimally invasive
surgery
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EXTENT OF RESECTION
IMPROVES SURVIVAL
•
•

•

N=330 patients with
glioblastoma, 2006-2011
Improving extent of resection
remains important in
improving survival
Survival predictors: tumor
volume, age, multifocal
location, deep nuclei/basal
ganglia
• Awad AW, Karsy M, Sanai N, Spetzler R, Zhang Y, Xu Y, Mahan MA Impact of removed tumor volume and location on patient outcome in glioblastoma..J Neurooncol. 2017
Oct;135(1):161-171
• Lacroix M, Abi-Said D, Fourney DR, Gokaslan ZL, Shi W, DeMonte F, Lang FF, McCutcheon IE, Hassenbusch SJ, Holland E, Hess K, Michael C, Miller D, Sawaya R A multivariate analysis of
416 patients with glioblastoma multiforme: prognosis, extent of resection, and survival.. J Neurosurg. 2001 Aug;95(2):190-8.
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PATIENT COMPLICATION
IMPAIRS SURVIVAL
• N=82 patients >75 years of
age, 1995-2016
• Patient complication
significantly impairs overall
survival in elderly and
young patients
• Minor complications
reduce ability to complete
adjuvant therapy

All patients

Patients
without
complications

All patients

Patients with
complications

• Karsy M, Yoon N, Boettcher L, Jensen R, Shah L, MacDonald J, Menacho ST. Surgical treatment of
glioblastoma in the elderly: the impact of complications. J Neurooncol. 2018 May;138(1):123-132
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UPDATE: MINIMALLY INVASIVE RESECTION
• Improved technology for more accurate tumor
localization and safer resection
– Neuronavigation
–
–
–
–

Awake mapping
Intraoperative MRI
Functional MRI
Ultrasound

– Tractography
8
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SURGICAL ADJUNCTS IN TUMOR RESECTION
Nose

Occiput

Right

Preop
•
•

Left

Preop fMRI
motor cortex

Awake motor Intraop MRI Post-resection
mapping

34-year-old female presenting with new
onset seizures
WHO III IDHmut astrocytoma, EGFRlow,
MGMT-unmeth, 1p19q intact, GFAP+,
ATRX+, p53 80%, ki-67 10%

Postop
Interdisciplinary
tumor board
-TMZ, RT
-Clinical trial
screening

9

EXPANSION OF IMRI TO OTHER TYPES OF CASES
• N=314 pediatric patients,
age 9.7 years, 2007-2019
• Multicenter registry
• 46.8% of patients
underwent additional
tumor resection after iMRI
with most samples (87.9%)
being positive

Karsy M, Akbari SH, Limbrick D, Leuthardt EC, Evans J, Smyth MD, Strahle J, Leonard J, Cheshier S, Brockmeyer DL, Bollo RJ, Kestle JR, Honeycutt J,
Donahue DJ, Roberts RA, Hansen DR, Riva-Cambrin J, Sutherland G, Gallagher C, Hader W, Starreveld Y, Hamilton M, Duhaime AC, Jensen RL,
Chicoine MR. Evaluation of pediatric glioma outcomes using intraoperative MRI: a multicenter cohort study. J Neurooncol. 2019 Jun;143(2):271-280.
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UPDATE: LITT AND IMRI FOR LESION TREATMENT
Acta Neurochir (2020) 162:1771–1775

1773

Fig. 1 Case 1. a Preoperative T2weighted magnetic resonance
(MR) image showing a right
pontine CM (arrow). b
Preoperative susceptibilityweighted imaging demonstrating
multiple supratentorial CM lesions (arrowheads). c
Intraoperative coronal and d sagittal T1-weighted, contrastenhanced views showing predicted ablated areas (orange), and e
isothermal maps using MR thermography. A frontal
transpeduncular approach
through the middle frontal gyrus
was used. f Immediate postoperative, g 2-week, h 6-week, i 4month, j 7-month, and k 12month postoperative MR images
suggesting gradual involution of
the pontine CM as evident by reduced T2 signal size, heterogeneity, and brainstem mass effect. T1weighted, l contrast-enhanced
MRI preoperatively, and m
12 months postoperatively suggests involution of the pontine
CM seen by reduced gadolinium
uptake and lesion size (arrow)

•

n=2 cases, brainstem cavernous
malformations, recurrent symptomatic
hemorrhage, treatment with laser
interstitial thermal therapy

•

Improvement in symptoms and lesion
involution over time
postoperatively and were accompanied by progressive radio-

Nicholas
T. power
Gamboa,
Michael
Robertinvolution
J. Bollo,ofRichard
H. and
Schmidt
Acta Neurochirurgica
(2020)
their lesions
hemorrhage-free
surTable 1 Laser
times for cases
1 and 2 Karsy, Rajiv R. Iyer, graphic
162:1771–1775
vival at 18 months and 12 months for cases 1 and 2, respecTest doses
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Treatment doses

Case 1

Case 2

4.50 W for 4 s
4.50 W for 7 s
4.50 W for 31 s
4.50 W for 22 s
4.50 W for 20 s
4.50 W for 19 s
9.90 W for 20 s
4.50 W for 24 s
10.50 W for 20 s
11.25 W for 23 s
11.25 W for 59 s
12.00 W for 84 s

4.50 W for 4 s
4.50 W for 7 s
4.50 W for 31 s
4.50 W for 22 s
4.50 W for 20 s
4.50 W for 19 s
9.90 W for 20 s
4.50 W for 24 s
10.50 W for 20 s
11.25 W for 23 s
11.25 W for 59 s
12.00 W for 84 s

tively. LITT was thought to thermally ablate the disorganized
vascular tissue of a CM. Based on the results of our small case
study, we demonstrate that MR thermography-guided LITT
can be potentially safe and effective treatment of brainstem
CMs in select patients. It is not unforeseeable that indications
for LITT of CMs could evolve to include lesions in inaccessible locations, patients with other medical comorbidities, patients who would not tolerate the high surgical morbidity,
cases where expertise to resect such lesions are not available,
and patients who desire alternative treatments to open surgery.
We used the frontal, transcapsular and suboccipital,
transpeduncular approaches to the brainstem; however, we
observed that the suboccipital trajectory was shorter, crossed
no sulci margins, and could be easily performed in the

UPDATE: ENDOSCOPIC SKULL BASE

Cutler J, Henson JC, Alt J, Karsy M. How I Do It: Endonasal Transethmoidal, Transcribriform Approach for
Resection of Giant Olfactory Groove Meningioma. Acta Neurochir accepted 2022
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ENDOSCOPIC SKULL BASE
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RAPID Research
Consortium

To serve the
clinicianscientist by…

1) developing a platform for multicenter pituitary quality improvement efforts and clinical and
translational research,
2) promoting collegiality and scholarship,
3) applying innovative solutions to the challenges of outcomes research.
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STEERING COMMITTEE

BCOC
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CURRENT STATE OF PITUITARY RESEARCH
v Pituitary tumors are orphan disease
v Pituitary research occurs in silos
v No collaborative platform for executing studies at
scale
v No national surgery outcomes registry exists
v Translational research is challenging , in part
because of lack of tumor samples and opportunities
for multidisciplinary collaboration

16
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Targeted treatment
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UPDATE: INTEGRATION OF TRANSLATIONAL
TREATMENTS INTO NEUROONCOLOGY
REVIEW
published: 24 February 2021
doi: 10.3389/fonc.2021.615704
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Glioma Stem Cells as
Immunotherapeutic Targets:
Advancements and Challenges

Piper et al.
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Glioma Stem Cell Immunotherapy Review
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Glioblastoma is the most common and lethal primary brain malignancy. Despite major
investments in research into glioblastoma biology and drug development, treatment
remains limited and survival has not substantially improved beyond 1–2 years. Cancer
stem cells (CSC) or glioma stem cells (GSC) refer to a population of tumor originating cells
capable of self-renewal and differentiation. While controversial and challenging to study,
evidence suggests that GCSs may result in glioblastoma tumor recurrence and resistance
to treatment. Multiple treatment strategies have been suggested at targeting GCSs,
including immunotherapy, posttranscriptional regulation, modulation of the tumor
microenvironment, and epigenetic modulation. In this review, we discuss recent
advances in glioblastoma treatment speciﬁcally focused on targeting of GCSs as well
as their potential integration into current clinical pathways and trials.
Keywords: glioblastoma stem cells, glioblastoma, cancer vaccination, radioresistance, tumor recurrence, cancer
stem cell, brain tumors, immunotherapy

†

INTRODUCTION

Glioblastoma (GBM), a World Health Organization grade IV astrocytoma, is the most common
primary brain malignancy with an incidence of 3.22:100,000 annually in the U.S (1). Despite
standard of care treatment with maximal surgical resection, radiotherapy, adjuvant temozolomide
(TMZ) chemotherapy, and tumor-treating-ﬁelds, median survival is still only 14.6 months (2), and
nearly all patients succumb to fatal tumor recurrence and progression, with a <5% 5-year overall
survival (OS).
Received: 09 October 2020
The lack of improvement in GBM outcomes may be attributed, in part, to current therapies’
Accepted: 07 January 2021
inability to target glioma stem cells (GSCs), a small subpopulation of cells that are implicated in
Published: 24 February 2021
tumor invasiveness, recurrence, and chemo(radio)resistance. The GSC population remains
Citation:
challenging both to deﬁne empirically and treat. GSCs are described by their ability to self-renew
Piper K, DePledge L, Karsy M and
and differentiate to reform the heterogeneity of GBM (3). Multiple strategies to target GSC are
Cobbs C (2021) Glioma Stem Cells as
currently under investigation with varying levels of preclinical and clinical development (4). In this
Immunotherapeutic Targets:
review, we discuss the evidence supporting GBM’s common stem cell origin and outline the
Advancements and Challenges.
FIGURE 3 | Basic schema of the main immunotherapeutic
modalities
for targeting
malignancies.
In passive
immunotherapy
(A), antibodiestargeting
are developed which
limitations of standard
of care
treatment
for GBM. We
then explore
immunotherapeutic
Front. Oncol. 11:615704.
bind speciﬁc
tumor antigens and induceof
cellular-mediated
phagocytosis
or complement
membrane attack complex-mediated cell death. In active immunotherapy
GSCs and highlight
ongoing
clinical trials.
doi: 10.3389/fonc.2021.615704
Specialty section:
This article was submitted to
Cancer Molecular Targets
and Therapeutics,
a section of the journal
Frontiers in Oncology

(B), mononuclear cells are isolated from the patient’s blood then incubated with synthetic or biopsy-derived tumor antigens and activated before being transfused
back into the patient in order to facilitate an anti-tumor T cell immune response. In adoptive immunotherapy (C), either tumor-inﬁltrating T cells are isolated from
tumor biopsy, selected for their reactivity, and then transfused into a lymphodepleted patient, or T cells are isolated from blood, virally transduced to express a
Frontiers in Oncology | www.frontiersin.org
1
February 2021 | Volume 11 | Article 615704
chimeric antigen receptor (CAR), and then transfused into a lymphodepleted patient.

especially given the well-documented resistance developed by GBM
tumors to individual anti-EGFR mAbs which are frequently
rendered ineffective by extracellular EGFR mutations (65, 66).
This limitation has been evidenced in clinical trials when, used in
combination with standard of care treatment, nimotuzumab failed
to demonstrate signiﬁcantly improved PFS or OS in 142 patients
with newly diagnosed GBM (NCT00753246) (66). Cetuximab is
now being assessed in a phase I/II clinical trial in combination with
bevacizumab (NCT01884740). There are currently nearly two
dozen trials testing the efﬁcacy of bevacizumab in combination
with another treatment against GBM (67).
EGFR variant III (EGFRvIII) is a constitutively active mutated
form of EGFR that is highly expressed in many GBM tumors
(68). Though not speciﬁc to GSCs, it is signiﬁcantly co-expressed
with CD133 (69) and promotes a stem-like phenotype in GBM
β
cells. It has been targeted for antibody therapy in combination
with radiation and chemotherapy. Although the anti-EGFRvIII

progression free survival (PFS) of patients with GBM, it has
failed to improve OS. GSCs are notoriously resistant to hypoxia
and may therefore persist despite the additional therapeutic,
contributing to inevitable recurrence (62).
Epidermal growth factor receptor (EGFR) is molecular target
overexpressed in GSCs which confers chemo- and radioresistance
in GBM tumors, resulting in poorer outcomes among GBM
patients (63). The EGFR-targeting mAbs nimotuzumab and
cetuximab have been shown to reduce the total number of
radioresistant CD133(+) cancer stem cells in a murine glioma
model (64). Nimotuzumab alone demonstrates antiangiogenic and
antiproliferative activity while cetuximab inhibits downstream
EGFR signaling, resulting in tumor radiosensitization. The coadministration of these drugs delayed tumor growth, decreased
brain tumor sizes, inhibited invasion, and promoted tumor cell
apoptosis. The synergistic effects of these monoclonal antibodies
makes the case for further investigation of combination therapies,
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UPDATE: TUMOR GENETICS IMPROVES
Article
UNDERSTANDING OF TUMOR
BIOLOGY
Cancer Cell

• Integration of
chromosomal analysis,
microRNA, DNA
methylation, and
mRNA genomics to
reclassify pituitary
tumors in a way never
done before
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SUMMARY

Pituitary neuroendocrine tumors (PitNETs) are common, with five main histological subtypes: lactotroph, somatotroph, and thyrotroph (POU1F1/PIT1 lineage); corticotroph (TBX19/TPIT lineage); and gonadotroph
(NR5A1/SF1 lineage). We report a comprehensive pangenomic classification of PitNETs. PitNETs from
POU1F1/PIT1 lineage showed an epigenetic signature of diffuse DNA hypomethylation, with transposable
Figure 5. Pangenomic
Classification
ofand
PitNETs
elements
expression
chromosomal instability (except for GNAS-mutated somatotrophs). In TPIT lineage,
corticotrophs
were divided
intotothree
the USP8-mutated
overt
secretion,
theallUSP8-wild-type
Dots represent individual
PitNETs, projected
according
their classes:
MFA (multiple-factor
analysis)with
scores,
which
integrate
the presented -omics data. The two first
with increased
invasiveness
increased
epithelial-mesenchymal
transition,
and
the large
silent
tumors
axes of the MFA are presented
on this figure.
PitNETs and
are clustered
following
either their histological
types, as
defined
by the
WHO
2017 classification (A), or their
withUSP8
gonadotroph
transdifferentiation.
expression
gonadotroph
was also found in
transcriptome groups and
and GNAS
mutation status (B).Unexpected
For each group,
the 95%ofinertia
ellipse is markers
represented.
GNAS-wild-type somatotrophs (SF1 expression), challenging the current definition of SF1/gonadotroph lineage. This classification improves our understanding and affects the clinical stratification of patients with
PitNETs.
(Hayashi et al., 2016).
Dopamine receptor 2 (DRD2) showed the aggressiveness were represented as well, thus providing a

highest expression in lactotroph PitNETs (t2), followed by gona- comprehensive picture of PitNETs. This cohort was very caredotroph PitNETs (t3) as recently suggested (Ben-Shlomo et al., fully characterized clinically, both at hormonal and pathological
2017) (Figure S1B). Significance
Of note, dopamine receptor 2 expression levels, using the most advanced expertise. Collecting such samwas quite variable
among somatotroph PitNETs, with ples at a high quality—pure undegraded frozen material—was
Pituitary neuroendocrine tumors (PitNETs) are common, with important morbidity. We report a multi-genomic characterizationGNAS-mutated
of PitNETs, based on aPitNETs
series of 134
tumors covering
the whole
clinical spectrum.
Pituitary
lineagesize
was the
main
deterhigher expression in
(Fisher’s
exact
challenging,
owing
to small
and
the
rarity of some subtypes.
minant of unsupervised genomic classification (before aggressiveness). New molecular entities were identified, affecting
p = 0.001), supporting
a
potential value of GNAS mutation status
Current classifications are empirical, based mainly on histoprognosis and treatments. Diffuse DNA hypomethylation was identified in the POU1F1/PIT1 lineage. The association with
chromosomal
instability and
expression
transposable elements
points toward
an(Lloyd
original association
of genomic
instafor predicting response
to dopamine
agonists
inofsomatotroph
logical
criteria
et al., 2017;
Raverot
et al., 2018). This unbibility with lineage differentiation (and not with aggressiveness). Furthermore, gonadotroph markers were identified in subPitNETs.
ased
classification
largely
confirms the WHO 2017
sets of corticotrophs and somatotroph PitNETs, blurring the current
limitsmolecular
of gonadotroph
lineage. These valuable
genomic
data are available
to the community
should pave
the way toclassification,
several future clinical
and pathophysiological
studies. relevance of pituitary
Temozolomide is currently
recommended
forand
treating
aggresunderlining
the biological
sive PitNETs not responding to other treatments (Raverot et al., lineage factors for classifying PitNETs as decided for the WHO
Cell classification.
37, 123–134, JanuaryHowever,
13, 2020 ª 2019
Elsevier Inc.
123
2018). Temozolomide is degraded by MGMT (O-6-methylgua- Cancer
2017
in terms
of clinical
relevance, idennine-DNA methyltransferase) (Hegi et al., 2005). MGMT expres- tifying aggressive potential and predicting the response to med!4
sion varied among molecular groups (Kruskal-Wallis p < 10 ), ical treatments are still unmet challenges. This extensive molecbut also within groups, and was not associated with aggressive- ular study helps progress toward this goal. Indeed, the limited
ness (Kruskal-Wallis p = 0.52; Figure 6C and Table S9). The propensity for sphenoid invasion and limited epithelial-mesenassociation between MGMT expression and response to temo- chymal transition of UPS8-mutated corticotroph PitNETs supzolomide was evaluated in three patients. Expression level was ports using the somatic genotyping of USP8 for determining
high in one not responding, intermediate in one with partial the outcome. USP8 mutation status could also help in predicting
response, and low in one with complete response (Figure 6C). the response to pasireotide, since the molecular group of USP8No negative correlation was found between MGMT expression mutated corticotroph PitNETs showed higher SSTR5 expresand DNA methylation in MGMT locus, including its promoter sion. Finally, the low mRNA level of MGMT could be used for pre(median correlation coefficient 0.55; range: !0.27 to 0.76). dicting the response to temozolomide. Further clinical studies
Thus, MGMT mRNA expression level could be a predictor of te- should now confirm these findings.
mozolomide response, in line with a previous publication using
This study questions the current definition of gonadotroph
MGMT immunohistochemistry (Bengtsson et al., 2015), but not lineage. Indeed, the molecular group of gonadotroph PitNETs
reproduced so far.
(t4) also included null-cell PitNETs, showing that the definition
of gonadotroph PitNETs should be extended to this type of
DISCUSSION
PitNETs not expressing SF1. In addition, the molecular group
of silent corticotroph PitNETs (t3) showed a gonadotroph signaThis study provides a pangenomic classification of PitNETs. All ture. Previous studies also reported the expression of gonadohistological types were represented, including subtypes troph markers in a subset of corticotroph PitNETs (Cooper
scarcely or even unavailable in previously reported molecular et al., 2010; Suzuki et al., 2008). Whether these PitNETs arise
studies, especially lactotroph, thyrotroph, and plurihormonal from a specific pituitary lineage distinct from other corticotroph
PIT1-positive PitNETs. All secretion intensities and all levels of PitNETs remains to be determined. In mouse models, distinct

Emerging
technologies

130 Cancer Cell 37, 123–134, January 13, 2020
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UPDATE: INTEGRATION OF AUGMENTED REALITY INTO THE
SURGICAL OPERATING ROOM

Various workflows

Skin and
bone
anchored
AprilTags

Preop CT
or MRI
scan

CT scan

Placement
of AprilTags

Surgical
planning

Surgical
planning

Hologram
generated in
Microsoft Hololens
2 and automated
registration

Surgical
guidance or
instrument
placement

Point
registration
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AR-GUIDED EVD PLACEMENT
• Phantom model 1 – skull model,
0.5mm targets, CT measured
accuracy
• Phantom model 2 – skull model, 1
mm targets, Axiem measured
accuracy
• Cadaver model – ventricle
target, Axiem measured
accuracy

22
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AR-GUIDED EVD PLACEMENT
• Phantom model 1 –
skull model, 0.5mm
targets, CT measured
accuracy
– Mean error of
0.65±0.61mm from
needle tip to target
and angular error (γ)
of 0.67±0.54°
23

AR-GUIDED EVD PLACEMENT
• Phantom model 2 – skull
model, 1 mm targets, Axiem
measured accuracy
– A mean RMS of 3.9±1.8mm
and γ of 3.95±1.78o
– No difference in accuracy
depending on PGY level,
experience with AR, video
games or EVD placements
– Some improvement in
accuracy over number of
trials but not significant

24
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AR TO IMPROVE PROCEDURAL
ACCURACY
• Accuracy not impacted by
previous resident experience,
experience with AR, video
games or EVDs

No significant difference in root mean square or angular error
depending on experience level

Two residents using AR for the first time

25

AR-GUIDED EVD PLACEMENT
• Cadaver model – ventricle target,
Axiem measured accuracy
• Significant improvement in accuracy
with AR compared to anatomical
trajectories

26
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AR-GUIDED TRAJECTORIES FOR TRIGEMINAL
NEURALGIA

In development
27

AR-GUIDANCE FOR SKULL BASE APPROACHES

In development
28
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SURGERY

Augmented Reality Spine Surgery Navigation " Felix et al

guidance systems limits their widespread use and benefit for
many patients. Augmented reality (AR) has several distinct
advantages to traditional imaging for spine and instrumentation. The objective of this study was to demonstrate the
accuracy of AR with off-the-shelf AR hardware for pedicle
screw placement both in open and MISS procedures.

MATERIALS AND METHODS

place screws down the middle of the pedicle in both sagittal
and coronal planes in a straight-forward trajectory parallel to
the superior vertebral endplate (Figure 2). No anatomical or
in-out-in trajectories were planned while analyzing the accuracy of the VisAR system. The annotated studies were
assigned a QR code, which was printed from NovaPACS
and read by the VisAR head mounted system. The study was
directly uploaded to the VisAR system by simply looking at
the encrypted optical code.

4/24/22

VisAR and Program Registration
VisAR (Novarad, American Fork, UT) is software designed to
work hand-in-glove with the HoloLens 2 (Microsoft, Redmond, WA). VisAR transforms DICOM images/studies into
3-dimensional virtual images which are superimposed
directly on to the patient using the holographic attributes
ofVolume
the HoloLens
2. The
studies
can be called and manipulated
SPINE
47, Number
00, pp
000–000
! 2022 Wolters by
Kluwer
Health,
Inc. All rights
reserved. surgeons to focus on the
voice
commands,
allowing
procedure without looking at a monitor. Self-adhesive AprilTags, printed with radiopaque ink, for image registration
URGERY
are placed on the back of the subject around the surgical site
either on the skin or attached to bone pins anchored in the
iliac crests or a spinous process (Figure 1). AprilTags allow for
image registration to the HoloLense 2 headset to allow
surgeons to align patient images directly with a patient.
Images are annotated and pedicle trajectories are planned
for screw
insertionSpine
with NovaPACS 3Dþ software (Novarad,
Increasing Pedicle Screw Insertion Accuracy for Both Open and Minimally
Invasive
American
Fork, UT). A virtual pathway was annotated
Surgeries
for each pedicle screw trajectory, considering width, depth,
trajectory, screw
diameter,
and angle. Trajectories aimed to
d
Brent Felix, MD,a Seyed Babak Kalatar, MD,b Bradley Moatz, MD,c Christoph Hofstetter,
MD, PhD,

CE: S.W.; SPINE164480; Total nos of Pages: 9;

SPINE164480

S

Augmented Reality Spine Surgery Navigation
AQ2

Surgical Procedure
Seven cadavers were purchased from MedCure (Portland,
OR). There was no attempt to avoid osteoporotic cadavers.
Prior to imaging, four adhesive skin fiducials were placed
approximately 30þ cm apart, equally distance from the
spinal column on the MISS cadaver. Two were placed at
approximately T6 and the other two at L5. For the open
surgery, due to skin retraction, the fiducials were secured in
bone bilaterally to the iliac crests and to one of the upper
thoracic post spinous processes. The system allows the
transfer of coordinates from the skin tags to the bone pin
tags. Thus, the cadavers could have up to seven tags. The
skin tags were usually weighted at 10% via software settings
of the bone pin tags or not used at all (Figure 1). This data set
was uploaded, and the HoloLens 2 was calibrated for the
interpupillary distance of the surgeon’s eyes. Following
study upload the user viewed the fiducials from several
angles allowing VisAR to detect and intercept the center
of each AprilTag for precise registration of the holographic
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command and the surgeon positioned each screw by aligning
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with the virtual guidance hologram.
Results. Overall, 124 pedicle screws were inserted with VisAR
navigation with 96% accuracy (Gertzbein-Robbins grades A and
B). The combined angle of error was 2.48 and the distance error
wasInstrumentation
1.9 mm.
Conclusion. Augmented reality is a highly accurate, emerging
placed
technology for navigating both open and minimally invasive
spine surgery techniques with off-the-shelf headset hardware.
Key words: accuracy, angular error, augmented reality,
distance error, Gertzbein-Robbins scale, guidance, minimally
invasive spine surgery, navigation, open back surgery, pedicle
screw.
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UPDATE: INTEGRATION OF NOVEL DEVICES IN THE OR
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cranioplasty or burr
hole covers
allowing ultrasound
through the skull
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ultrasounds as correct probe not available
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AR-GUIDED INSTRUMENTATION PLACEMENT
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CURRENT NEUROONCOLOGY CLINICAL TRIALS
•
•
•
•
•
•
•
•
•
•
•
•
•

NCT03970447 - Glioblastoma Adaptive, Global, Innovative Learning Environment (GBM AGILE)
NCT03776071 - Randomized, Double-Blind, Placebo-Controlled Phase III Study of Enzastaurin Added to Temozolomide During and Following
Radiation Therapy in Newly Diagnosed Glioblastoma Patients Who Possess the Novel Genomic Biomarker DGM1
NCT04421378 - A Phase I/II Study of Selinexor in Combination with Standard of Care (SoC) Therapy for Newly Diagnosed or Recurrent
Glioblastoma
NCT05023551 - Phase I Study of DSP-0390 in Patients with Recurrent High-Grade Glioma
NCT04782609 - A Phase 1B Dose Escalation/Dose Expansion Study of Icapamespib (PU-AD) in Patients with Recurrent Malignant Glioma
NCT03224767 - Phase II Trial of BRAF/MEK Inhibitors in Papillary Craniopharyngiomas
NCT03604978 - Phase I/II Study of Nivolumab Plus or Minus Ipilimumab in Combination with Multi-Fraction Stereotactic Radiosurgery for
Recurrent High-Grade Radiation-Relapsed Meningioma
NCT02523014 - Phase II Trial of SMO/AKT/NF2 Inhibitors in Progressive Meningiomas with SMO/AKT/NF2 Mutations
NCT03994796 - Genomically-Guided Treatment Trial in Brain Metastases
NCT04114981 - Phase III Trial of Post-Surgical Single Fraction Stereotactic Radiosurgery (SRS) Compared with Fractionated SRS for Resected
Metastatic Brain Disease
NCT03550391 - A Phase III Trial of Stereotactic Radiosurgery Compared with Hippocampal-Avoidant Whole Brain Radiotherapy (HA-WBRT)
plus Memantine for 5-15 Brain Metastases
NCT04609046 - Phase I Trial of Methotrexate, Rituximab, Lenalidomide, and Nivolumab (Nivo-MR2) Induction Followed by Lenalidomide and
Nivolumab Maintenance in Primary CNS Lymphoma
NCT04947319 - Open-Label Phase II Study to Investigate the Efficacy, Safety, and Pharmacokinetics of Tirabrutinib in Patients with Primary
Central Nervous System Lymphoma (PCNSL)
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