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Introduction

Abstract

Brain tumours are the most common solid neoplasm in children, posing a
significant challenge in oncology due to the limited range of treatment.
Intraoperative magnetic resonance imaging (iMRI) has recently emerged to aid
surgical intervention in neurosurgery resection with the potential to delineate
tumour boundaries. This narrative literature review aimed to provide an
updated evaluation of the clinical implementation of iMRI in paediatric
neurosurgical resection, with an emphasis on the extent of brain tumour
resection, patient outcomes and its drawbacks. Databases including MEDLINE,
PubMed, Scopus and Web of Science were used to investigate this topic with
key terms: paediatric, brain tumour, and iMRI. Exclusion criteria included
literature comprised of adult populations and the use of iMRI in neurosurgery
in the absence of brain tumours. The limited body of research evaluating the
clinical implementation of iMRI in paediatric cohorts has been predominantly
positive. Current evidence demonstrates the potential for iMRI use to increase
rates of gross total resection (GTR), assess the extent of resection, and improve
patient outcomes, such as progression-free survival. Limitations regarding the
use of iMRI include prolonged operation times and complications associated
with head immobilisation devices. iMRI has the potential to aid in the
achievement of maximal brain tumour resection in paediatric patients. Future
prospective randomised controlled trials are necessary to determine the clinical
significance and benefits of using iMRI during neurosurgical resection for
clinical management of brain neoplasms in children.

Surgical resection is an important avenue in the
treatment of paediatric brain tumours.® Magnetic

Brain tumours are the most common solid neoplasm in

children, with a variety of histological tumour
presentations affecting the paediatric population,
including astrocytomas, medulloblastomas and

ependymomas.' Low-grade tumours account for a large
proportion of epileptogenic lesions,” with epilepsy being
the most common neurological disorder affecting the
paediatric population.” Paediatric brain tumours are a key
challenge in modern oncology as available treatments are
limited," thereby resulting in high symptomatic burden’
and poor patient prognosis.®’

resonance imaging (MRI) is used for surgical planning,’
and plays a role in determining the extent of tumour
volume to be resected,”'' as well as post-operative
Recently, intraoperative MRI (iMRI) has
emerged to aid surgical intervention by providing real-
time data to delineate tumour boundaries during surgery,

evaluations.'?

with the potential to maximise the extent of resection
(EOR)."> "> EOR is defined as the proportion of the
tumour volume removed during surgery.'® Use of high-
field strength iMRI has been reported to increase EOR
and improve patient survival within the adult
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population,’”*' with increasing work demonstrating

high-field iMRI as a potential surgical adjunct in the
management of paediatric brain tumours.”> >® EOR plays
a major role in treating paediatric brain tumours and has
been recognised as an integral predictive factor for
survival in children.”” Gross total resection (GTR),
defined as the EOR that achieves complete surgical
removal of tumour mass,”® can be curative in a large
proportion of paediatric tumour types.”’ Importantly, in
low-grade gliomas, GTR has been recognised as an
independent positive prognostic factor.”®  Associated
improved patient outcomes can be measured by
progression-free survival (PFS),*! and further, Engel Score
(Grade I-1V) is used to define epilepsy seizure freedom
post-resection.’® Length of hospital stay is another
important consideration for the implementation of iMRI
regarding patient outcomes, with a longer hospital stay
associated with an increased risk of infection.”>”*

Despite accumulating evidence demonstrating the
utility of iMRI in brain tumour resections in adults,!” !
studies evaluating its use in the paediatric population are
not extensive, and there are relatively few literature
reviews. Notably, a meta-analysis” identified 11 studies
reporting the EOR and safety outcomes in paediatric
patients, but data were limited to papers published prior
to 2017 and focused on low-grade gliomas. The last five
years have seen a continuous advancement of technology
and continuing interest in the study of paediatric patients
undergoing iMRI-assisted brain tumour resection
surgeries, including some large cohort studies.’®?’
Therefore, the objective of this narrative literature review
was to provide an updated synthesis on the use of iMRI
in paediatric brain tumour resections. The main
considerations were EOR and patient outcomes, with
further investigation into the drawbacks of the clinical
implementation of iMRI.

Methods

A narrative review was undertaken to provide a broad
scope of the available literature. A search was conducted
on four databases: MEDLINE, PubMed, Scopus and Web
of Science using a combination of key words: pediatric¥,
paediatric*,  child, childhood, children, infant*,
adolescent®, juvenile*, young adult*, teen, teenager®,
neonatal*, neonate*, brain tumo?r*, cancer, neoplasm,
malignancy, malignancies, neurosurgery, neurosurgeries,
brain  surgery, brain  surgeries, mass, masses,
intraoperative magnetic resonance imaging, intraoperative
MRI, iMRI, ioMRIL The keyword search employed
appropriate truncations and Boolean operators. The
search limits included: mean age of study participants as
<18 years old, human studies, English language, and
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2016-2022 publication years. Additional references were
sourced through a manual check of the cited reference
lists. The eligibility criteria used to filter the retrieved
studies were the paediatric population (for this review,
identified as <18 years old) and use of iMRI in the
surgical removal of brain tumours. The literature
selection process is outlined in Figure 1. The full-text
articles that met the eligibility criteria were reviewed by
two authors independently. The relevant data were
extracted, then summarised and organised thematically
into tables. From this, a written discussion was generated,
and conclusions that were relevant to the aim were
drawn.

Results

Study characteristics

A total of 15 studies were included in this literature
review (Fig. 1). Key study characteristics are summarised
in Table 1. There were eight cohort studies, four case-
control studies and three studies that did not specify a
study design and were broadly defined as observational
studies. There were eight retrospective studies, one
prospective study and six studies that retrospectively
analysed prospectively and retrospectively collected data.
Retrospective studies collated data from databases and
patient medical records. Of the 15 studies, 14 studies
were conducted in a single centre, while one study’’
included patients from six facilities across North America.
Studies were conducted in various countries: United
States (n=4), Germany (n=3), Canada (n=3),
Netherlands (n = 2), United Kingdom (n =2), and
Singapore (n =1). The studies varied in sample size,
ranging from 10 to 1341 paediatric patients. While the
studies were published between 2016 and 2022, the
reported neurosurgical procedures were performed and
follow-up data were collected between 1991 and 2020.

Synthesis of findings

Across all 15 studies, the most common brain tumours
resected were low-grade gliomas, with sub-types including
astrocytomas and gangliogliomas. Of the included studies,
12 studies reported the EOR, which is often categorised
as GTR, subtotal resection or partial resection, and seven
studies reported patient outcomes (Table 1). Several
studies discussed the drawbacks of iMRI, with two studies
focusing on stroke complications observed in iMRI-
assisted surgeries of paediatric patients (Table 1).

The method of reporting tumour types was inconsistent
across the studies. Brain tumours were stratified based on
their anatomical location, specific tumour type or World
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Figure 1. PRISMA flowchart depicting the literature search strategy and study selection process.

Health Organization (WHO) grade (I-1V).*® There were
7941 where iMRI was used for epilepsy
249 incorporating other

three studies
surgeries, with two of these studies
neurological lesions in addition to brain tumours, such as
malformations of cortical development and mesial temporal
sclerosis. While Eid et al.*® listed the specific pathologies,
their findings did not distinguish between brain tumours
and other lesions. In contrast, Warsi et al.** broadly
classified their pathologies on whether they were well-
defined, poorly defined or diffuse hemispheric cases.
Furthermore, two studies®®** defined paediatric as up to
21 years old, with an additional two studies*>** including
patients up to 26 years old. However, the mean age across all
studies ranged from 5.83 to 13.1 years, and thus were
included in the review.

Discussion

Rates of gross total resection

Within the identified studies, GTR was a common goal in
the iMRI-assisted paediatric neurosurgeries
(Table 1).%%%7%948 There were three case—control studies

that compared rates of GTR in procedures with and
without iMRL****** Sunderland et al.** found that a
significantly higher proportion of cases achieved GTR in
iMRI  (94.2%) compared to conventional surgeries
without iMRI (37.5%). Similarly, Roder et al."® reported
that GTR rates significantly increased by 30% following
iMRI implementation. Volumetric analysis at the 3-
month follow-up further demonstrated significantly lower
rates of residual tumour volume in the iMRI cohort
(29%) compared to non-iMRI cases (59%).%8 They
observed a trend towards higher accuracy of the
operating surgeons’ assessment of whether GTR had been
achieved, with post-operative imaging confirming the
achievement of GTR in 81% of iIMRI procedures
compared to only 50% of non-iMRI cases.*® Eid et al.””
also reported higher rates of GTR for iMRI cases (73.3%)
compared to that of non-iMRI cases (65.7%), although
no statistical significance was found. In their volumetric
analysis, however, the reduction of residual tumour
volume was statistically significant, with iMRI decreasing
residual tumour mass by 11.7%.%° These studies suggest
that iMRI is successful in increasing GTR rates in
paediatric brain tumour resections.>***®
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was particularly pronounced in patients with low-grade
gliomas, oligoastrocytomas and other benign tumours.*
In a case of reoperation, glial scar tissue displayed similar
enhancement to residual tumour mass in the
intraoperative scan and was resected in error.*’ Similarly,
in a case observed by Roder et al.,** the radiologist was
unable to distinguish between a residual tumour tissue
and a glial scar tissue, thereby hindering effective tumour
removal. Ultimately, Day and Scott" suggested that
tumour characteristics can influence the utility of iMRI.
Given the varied usefulness of iMRI due to tumour
anatomy, WHO graded I-IV tumours have the potential
to differentially affect the surgical outcomes of iMRI-
guided  paediatric  brain resections.””**
Sunderland et al** found that paediatric thalamic
tumours grades were not associated with achieving GTR
or subtotal resection. However, GTR was more achievable
in  low-grade tumours, particularly  pilocytic
astrocytoma.*  Karsy et al”’ found no significant
differences in EOR among WHO grades I-IV paediatric
gliomas. Both studies failed to draw a clear conclusion on
the relationship between iMRI and tumour grade. Further

tumour

studies are needed to determine the effect of tumour
grade on the ability of iMRI to improve EOR as it has
the potential to influence the cases in which iMRI could
be implemented.

Clinical outcomes

Progression-free survival in brain tumour
resection

Studies investigating the effect of iMRI on PFS or overall
survival in paediatric brain tumours were limited. Only
one study was identified, which focused on low-grade
gliomas.”® In a case-control study with 65 patients (31
iMRI, 34 non-iMRI), Roder et al.*®* demonstrated a
significant correlation between improved PFS rates and
achieving GTR in both iMRI and non-iMRI procedures,
with identification of a trend towards improved rates of
PFS with iMRI use. However, Day and Scott*’ postulated
that the ultimate determinant of patient outcome was
tumour genetics and behaviour regardless of EOR.
Nevertheless, Roder et al.** provided a promising
indication that iMRI is a valuable tool for assessing EOR
and improving PFS in paediatric brain tumour resections.

Seizure outcome in epilepsy surgeries

Of the identified studies, three investigated the use of
iMRI during epilepsy surgery and its effect on seizure
outcomes.”” *' Warsi et al.** demonstrated that iMRI use
has the potential to improve seizure outcomes (Engel
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scores I, II) compared to cases with no iMRI use,
regardless of the lesion type. They found that complete
seizure freedom was achieved in a higher proportion in
the iMRI group (74.4%) compared to the non-iMRI
group (61.5%), although this did not reach statistical
significance.” Eid et al.”® found that iMRI significantly
mitigated poor seizure outcomes (Engel scores III, IV) in
cases of focal paediatric epilepsy (odds ratio: 0.84),
thereby increasing the efficacy of neurosurgical treatment
in these cases. The residual volume was directly correlated
to the odds of a poor outcome.”® This may indicate that
any improvement in the EOR would lower the odds of a
poor Engel score outcome (III, IV).”” A cohort study by
van Tonder et al.*' revealed that iMRI was useful in
achieving seizure freedom rates of 80% in paediatric
hypothalamic hamartoma resection. They compared their
data to previous literature where the same surgical
technique was used without iMRI, and found that seizure
freedom was achieved in 60% of cases.*’ However, no
statistical analyses were conducted.*' It is important to
note, however, that the studies by Eid et al.”® and Warsi
et al?® also included paediatric patients with other
neurological lesions, including malformations of cortical
development and mesial temporal sclerosis. These studies
did not distinguish between seizure outcomes based on
pathology type.’”*® This may limit the finding’s
generalisability to populations comprised mainly of
paediatric epilepsy patients with brain tumours.

Prevalence of neurological deficits

The prevalence of neurological deficits is a key concern in
iMRI-assisted paediatric neurosurgeries as GTR involves
operating close to a functional tissue.*>*>*” Roder et al.*®
reported higher rates of transient neurological deficits
(resolving within 3 months) in iMRI cases (42%)
compared to non-iMRI cases (32%). However, iMRI
cases (1%) had lower rates of persistent neurological
deficits (beyond 3 months) than non-iMRI cases (9%).48
The differences in both transient and persistent rates of
neurological deficits between the iMRI and non-iMRI
cases did not reach statistical significance.** Conversely,
when examining the rates of neurological deficits between
brain tumour types in iMRI procedures, Giordano et al.*’
reported no complications due to iMRI. However, since
the data were collected upon admission and discharge,
the follow-up period was too short to draw clinically
significant conclusions.*’

It has been found that iMRI can increase EOR,
bringing the resection margin closer to a healthy
tissue.***® Tejada et al.’® examined whether this affected
the rates of neurological deficits by comparing gross total
and subtotal resection cohorts. They found no significant

6 © 2023 The Authors. Journal of Medlical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of
Australian Society of Medical Imaging and Radiation Therapy and New Zealand Institute of Medical Radiation Technology.

85U801 7 SUOWILLD BAeaID 3|qedtjdde ayy Aq peusenob are Sajolie O ‘88N JO s8N Jo} Akeiq 18Ul UO /8|1 UO (SUOIPUOD-pUe-SLUIBY/W0D A8 1M AIq 1 [eulJUO//SdNY) SUORIPUOD pUe SWB | 8U} 89S *[£202/20/02] U0 AriqiTaulluo A8|IM Il ieueIyo0D Aq 20, SIWZ00T OT/10p/wodAe|im Axeiq1uljuo//Sdny Wwolj papeojumoq ‘0 ‘606ETS0Z



0. Wu et al.

difference in the outcomes between the cohorts, with the
rate of neurological deficits at 11% and 13%,
respectively.”® They also found that the surgical decision
on whether to continue resecting after using iMRI did
not affect the rates of neurological deficits.’® The factors
that affected the rate of neurological deficits in this study
were the tumour WHO grade and location, with high-
grade tumours (15%) and tumours of infratentorial
location (14%) having the highest prevalence of
neurological complications.”®

Length of hospital stay

Length of hospital stay was found to be shorter in
neurosurgical resections using iMRI (7.0 days) compared
to non-iMRI procedures (8.8 days).** However, the
tumour grade was found to have a greater impact on the
length of hospital stay than the use of iMRI, with Karsy
et al.”’ demonstrating that paediatric patients with WHO
grade I tumours had a significantly shorter stay (5.6 days)
than those with WHO grade IV tumours (29 days).

Rate of repeat surgery

Cohort studies by Giordano et al.*’ and Tejada et al.”®
reported low reoperation rates in iMRI-assisted cases,
ranging from 0% to 0.7% of patients. Conversely, Warsi
et al.*® reported higher numbers of repeat surgeries
performed in the iMRI group (0.77%) compared to the
non-iMRI group (0.26%). All three studies reported
repeat surgical rates on various pathologies, including
non-tumour related cases’®*>*” but Giordano et al.*’ and
Tejada et al.”® had a larger proportion of brain tumour
cases within their cohort. This may account for the
discrepancy between studies, as types of pathology may
play a role in the success of iMRI.

Intraoperative magnetic resonance imaging
as an initial post-operative scan

The final iMRI scan is defined as the scan after which no
further resection is performed.*”> A  preliminary
prospective study by Avula et al.** suggested that utilising
the final iMRI scan to determine the EOR may be more
beneficial than the conventional 24-72 hour post-
operative MRI scan as they found no difference in
determining the EOR between both scans. This
application of the final iMRI scan reduces the need for
additional anaesthesia or sedation involved in
conventional post-operative scanning, and improves
quality of care as the post-operative MRI scan may be
delayed for unstable patients.’®*>** In the case of non-
enhancing tumours, Avula et al.** found that the final

iMRI in Paediatric Brain Tumour Resections

iMRI scan was better at distinguishing tumour remnants
from post-operative changes compared to the post-
operative MRI scan. Post-operative changes, such as
surgically-induced cytotoxic oedema and tissue injuries,
produced abnormal  T2/Fluid-attenuated inversion
recovery (FLAIR) hyperintensities on the post-operative
scan.*” Such changes were absent on the final iMRI
scan.*> Conversely, Day & Scott*’ observed cases of non-
enhancing tumours appearing hyperintense on T2 and
FLAIR intraoperative scans, and the residual tumours
were indistinguishable from surgically-induced oedema.
Therefore, the viability of the final iMRI as an initial
post-operative scan appears to be influenced by the
characteristic appearance of the tumour, particularly in
non-enhancing tumours that rely on T2/FLAIR signal
change for diagnosis.*”*® Additionally, in the case of
contrast-enhancing lesions, Roder et al.*® identified the
possibility that a healthy tissue could be labelled as a
tumour on iMRI scans due to contrast medium leakage
across the blood-brain barrier during resection,
presenting a possibility of a false-positive for residual
tumour on the final iMRI scan. This phenomenon was
not observed in the 24-72 hour post-operative scan.*®

The study by Avula et al.** may not contain a true
representation of the clinical population due to the
exclusion of paediatric patients who required additional
anaesthesia or sedation during post-operative MRI scans.
Other studies were not designed to investigate the utility
of iIMRI as a substitute for an initial post-operative
scan.**® Collectively, these limitations may explain why
contradictions exist between findings. The use of a final
iMRI scan as an initial post-operative scan remains
controversial. Therefore, a more rigorous approach with
the inclusion of a larger sample size is recommended to
further validate the findings.

Combined use of intraoperative
neurophysiologic monitoring and
intraoperative magnetic resonance imaging

Dias et al.** demonstrated that iMRI can be used in
conjunction  with  intraoperative = neurophysiologic
monitoring  (IONM), enabling neurosurgeons to
determine the resection limit of the eloquent areas by
assessing both function and morphology throughout the
procedure. IONM involves the placement of electrodes
along the body to stimulate and receive electrical signals,
which  enables continuous evaluation of neural
pathways.*® Dias et al.*® observed that IONM recordings
remained reliable after being exposed to 3T iMRI,
allowing for the safe achievement of maximal EOR by
avoiding resection into functional tissue. However, two of
seven patients experienced first-degree skin burns when
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electrodes were placed in the shoulder.*® This was due to
proximity of the electrodes to the iMRI head coil, which
has the highest radiofrequency field of the iMRI
machine.*® To avoid skin burns, shoulder electrodes can
be moved to hip level.** When the surgical goal is
indicated, electrodes may be removed prior to the final
iMRI scan to minimise the risk of skin burns.*® Despite
these risk minimising strategies, the clinical setting in
Dias et al*® may differ from other facilities, and
therefore, the possibility of thermal injuries cannot be
excluded.

Potential drawbacks and safety risks of
intraoperative magnetic resonance imaging

Prolonged operation times

Studies reported that iMRI prolonged operation times of
paediatric brain tumour resection surgeries by 30—
112 minutes  compared to  procedures  without
intraoperative scans.”®***>*>*® This extended time was
due to longer pre-operative and pre-scanning preparation
times, and the iMRI scanning time but varied depending
on tumour type and location.*>*”*®  Potential
complications relating to prolonged operation time
include infections, wound-related problems, neurological
deficits, and pressure and heat-related damages.’®*'
Despite the extended time, there was no association
between iMRI use and increased rates of surgical
complications.”®*>***>*  For example, Tejada et al.”®
found similar complication rates between iMRI cases
(2.5%) and surgeries without iMRI (2.6%). Supporting
this, retrospective cohort studies have reported very low
complication rates**> or no complications when using
iMRI in paediatric neurosurgeries."” However, these
complications were reported as an overall rate, and not
specifically attributed to prolonged operation times.

Head immobilisation devices

While iMRI was not associated with increased
complication rates, some complications were still
observed that were related to iMRI-compatible head
4349 Various iMRI-compatible
immobilisation devices exist, including the DORO clamp
used by Zaazoue et al.*” and the NORAS OR head holder
used by Tejada et al.,’® both of which provide three-point
fixation. Zaazoue et al.*’ found that seven of 599

immobilisation devices.

paediatric patients with brain tumours experienced
depressed skull fractures during iMRI-assisted tumour
resection due to the immobilisation device used. These
fractures occurred at the pin site, with the majority
(n=15) in the temporal region.49 Zaazoue et al*®
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attributed these fractures to the placement of the pins, as
well as reduced cranial vault thickness caused by the
presence of brain tumours. Therefore, the thin squamous
temporal bone should be avoided during pinning.*’ Due
to these fractures, six of seven patients developed epidural
haematomas, four of which suffered long-term motor
deficits.*” Furthermore, Day and Scott*’ reported one case
of sudden cerebral swelling, which resulted from
problematic head-holder pin placement. Zaazoue et al.*
recommended that increasing the number of pins and
adjusting the placement of their contact points with the
skull to evenly distribute the forces would help reduce the
pressure for a given pin, thereby lowering the risk of
fractures and other device-related complications. Tejada
et al.’® implemented the NORAS OR head holder, which
utilised five to seven pins in patients older than two
years. In patients under two years old, pins were avoided
by using a cushion with the head holder.”® They observed
no complications during their iMRI-assisted surgeries,’®
corroborating the recommendation made by Zaazoue
et al.*’ Together, these findings indicate that while the
frequency of complications relating to immobilisation
devices was low, they can still occur and lead to severe
consequences. Zaazoue et al.*’ have highlighted the lack
of widely accepted guidelines for the use of head
immobilisation devices. The absence of a standardised
protocol emphasises the need for further research to
elucidate optimal head immobilisation devices in iMRI-
assisted paediatric neurosurgeries to maintain patient
safety and prevent associated complications. Meanwhile,
the ability to detect such complications intraoperatively
and address these events while still under general
anaesthesia can be considered an advantage of iMRL*

Limitations on patient positioning

Studies have reported other equipment-related limitations
of iMRL*”* Giordano et al.*’ found that the surgical
table configuration in iMRI-assisted surgeries limited
certain patient positions. They reported challenges with
the prone position due to the fixed pin pattern of the
head immobilisation device.*’ However, no intraoperative
complications were observed.*” Zaazoue et al.** found
that the bore size of their iMRI scanner (60 cm) made it
challenging to position the immobilisation device without
obstructing the bore. Conversely, Tejada et al.’® observed
no problems resulting from the patient positioning or the
immobilisation device obstructing the bore. They
attributed this to the relatively larger bore size (65 cm)
and NORAS OR head coil used.’® These findings suggest
that the relative size of the immobilisation device
compared to the bore size is an important consideration
when using iMRI for paediatric neurosurgeries.
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Difficulties in intraoperative magnetic resonance
imaging scan interpretation

Day and Scott* found difficulties in interpreting iMRI
scans due to inappropriate head coil size. In one case,
the patient’s head was too large for the coil, resulting in
degraded images that were difficult to interpret.*’
Likewise, Giordano et al.*’ reported that the head
immobilisation unit used in their series was designed
for adult-sized heads, rather than paediatric-sized
patients, but no image degradation was reported.
Nevertheless, this suggests the need to investigate head
immobilisation devices and coils specifically designed to
accommodate paediatric patients. Studies have also
found difficulties in interpreting intraoperative diffusion-
weighted imaging (DWI) scans due to susceptibility
artefacts, related to the presence of air, pins and blood
artefacts.”®” Roder et al*® and Avula et al*?
emphasised the importance of irrigating the surgical
cavity with saline continuously prior to scanning to
ensure the highest possible quality final iMRI for
accurate tumour remnant determination.

Insensitivity to stroke

There is evidence suggesting that iMRI has low sensitivity
for detecting strokes during paediatric brain tumour
resection, with sensitivity ranging from 30%° to 45.5%.”'
Khan et al.>' reported that 28 of 895 elective tumour
resection procedures resulted in strokes. In 11 of these
cases, iMRI was implemented.”’ However, iMRI detected
only five (45.5%) infarcts, with the remaining six
undetected strokes being deep arterial infarcts.”’ Similarly,
Saint-Martin et al.”® observed that of 115 iMRI-assisted
procedures, 13 reported hyperacute arterial infarctions
(11%), four (30%) of which were detected in
intraoperative DWI scans. These infarcts were either small
in size or misinterpreted as susceptibility artefacts, and
were later confirmed as infarcts in early post-operative
MRI scans.”® Furthermore, minimally diffuse signal
intensity changes resulting from hyperacute infarcts may
inhibit the detection of an intraoperative ischaemic event
on an iMRI scan.”® Importantly, study design may
contribute to the differing sensitivity reported for iMRI in
stroke detection. For example, Saint-Martin et al.>® had a
single radiologist reviewing all iMRI scans, which may
introduce bias. Based on the identified studies, stroke is
not a rare intraoperative complication, occurring in up to
11% of the paediatric brain tumour resections reported,”
and intraoperative DWI may underestimate the extent of
infarction.”™' Therefore, a negative iMRI may not
exclude an infarction.”® As a hyperacute infarction may
complicate a brain tumour resection,”® a more
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comprehensive investigation may be beneficial to gain a
better understanding of this subject.

Limitations

This literature review, along with the included studies,
possess some limitations. Studies were retrieved from four
databases using set search terms, and some studies may
not have been identified. To compensate for this, manual
searches were conducted. Internal validity may have been
reduced by various factors. For example, small sample
size limits statistical power, and information bias may be
present in retrospective studies as data were not collected
for the purpose of the study. Additionally, the lack of
control groups in studies investigating patient outcomes
made it challenging to determine the efficacy of the
intervention, thereby reducing internal validity. While
studies were published within the last five years, data
were collected from 1991 to 2020. Technological
advancements over the data collection period may limit
the external validity as findings may not be applicable to
current practice. Non-standardised protocols between
institutions and individual cases reduced the external
validity. Furthermore, the interaction of surgical
equipment in the proximity of the magnetic field is
beyond the scope of this review.

Future directions

To solidify our conclusions regarding whether iMRI
should be widely adopted in paediatric brain tumour
resection surgeries, there is a need to conduct prospective
research. Future research models should incorporate
larger cohort sizes extracted from a diverse range of
hospitals and centres, as well as determine the effect size
and perform statistical analyses comparing iMRI and
non-iMRI groups. Since procedures and technical factors
of iMRI differ between institutions, further research is
required to determine the optimal protocol. Studies
should aim to determine which tumour types iMRI
should be used for, and which equipment should be used
in conjunction with iMRI. Furthermore, cost-benefit
analyses should be performed to justify the clinical
implementation of iMRI in paediatric neurosurgeries.

Conclusion

The use of iMRI has the potential to achieve maximal
brain tumour resection in paediatric patients. The limited
body of research evaluating the clinical implementation of
iMRI in paediatric cohorts has been predominantly
positive. Current evidence demonstrates the potential for
iMRI use to safely increase rates of GTR, assess the extent
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of brain tumour resection and improve patient outcomes.
Limitations regarding the use of iMRI include prolonged
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