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Abstract
Purpose Intraoperative MRI (ioMRI) is a valuable tool aiding paediatric brain tumour resection. There is no published evidence
comparing the effectiveness of the final intraoperative MRI and early post-operative (24–72 h) MRI as baseline scans following
brain tumour resection. We aimed to evaluate whether the final ioMRI scan could serve as the post-operative baseline scan after
paediatric brain tumour resections.
Methods This prospective study compared the final ioMRI scan with the immediate post-operativeMRI scan performed 24–72 h
post-surgery. We included 20 patients aged 6.6–21 years undergoing brain tumour resection using ioMRI and were suitable for
MRI scan without general anaesthesia. The scans were independently evaluated by experienced local and external paediatric
neuroradiologists. Identical sequences in the final ioMRI and the 24–72-h MRI were compared to assess the extent of resection,
imaging characteristics of residual tumour, the surgical field, extent of surgically induced contrast enhancement, and diffusion
abnormalities.
Results In 20 patients undergoing intraoperative and early post-operative MRI, there was no difference between ioMRI and 24–
72-h post-op scans in identifying residual tumour. Surgically induced contrast enhancement was similar in both groups. There
were more abnormalities on diffusion imaging and a greater degree of oedema around the surgical cavity on the 24–72-h scan.
Conclusion The final 3-T ioMRI scan may be used as a baseline post-operative scan provided standard imaging guidelines are
followed and is evaluated jointly by the operating neurosurgeon and neuroradiologist. Advantages of final ioMRI as a baseline
scan are identified.
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Introduction

Intraoperative MRI (ioMRI) has been gradually gaining rec-
ognition as a useful aid to surgical resection of brain tumours.

Over the last two decades, advances in the technology of MRI
scanners used in intraoperative assessment have evolved from
low-field strength scanners (0.15 T) to high-field strength
scanners (3 T), complemented by newer and optimised se-
quences available for neuroimaging. As a consequence, the
quality of imaging obtained on ioMRI is comparable to stan-
dard imaging performed in a non-ioMR setting. The number
of intraoperative scans per surgery depends on the complexity
and aims of surgery. A final ioMRI is considered to be one
after which no further resective surgery is performed. In
Europe, 3-T MRI is increasingly undertaken as the preferred
standard for paediatric neuro-oncology, particularly with the
current generation of 3-T scanners. With the improvement in
image quality, the final ioMRI is increasingly considered as a
suitable baseline study following surgery for determining the
radiological extent of resection. This is particularly popular in
the paediatric setting as it negates the need for an additional
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post-operative scan, which, in a significant number of cases,
requires repeat general anaesthesia or sedation. Early post-
operative MRI is generally obtained between 24 to 72 h after
surgery as studies demonstrated surgically induced contrast
enhancement after 72 h on 1.5-T scans [1, 2] and sometimes
within 24 h [3]. More recent studies on 3-T MRI scans have
shown that surgically induced enhancement can occur before
72 h and may occur at all time points following surgery [4, 5].
In our institution, we have used the final ioMRI as the baseline
post-operative scan, and we have seldom encountered issues
related to suboptimal post-operative baseline scans.
Considerable resistance to the use of ioMRI as the baseline
scan has been expressed in the past, predominantly related to
the use of lower field strength scanners and imaging tech-
niques employed historically, resulting in diagnostically sub-
optimal quality of studies obtained [6]. However, there is no
published evidence comparing the utility of final ioMRI scans
and early post-operative MRI scans (24–72 h) as baseline
scans following brain tumour resection. With the increasing
use of ioMRI in paediatric neurosurgery, there is a need to
validate this practice, particularly as new imaging guidelines
are being developed for RAPNO (Radiological Assessment in
Pediatric Neuro-oncology) as the standard [6–9]. As far as we
are aware, no studies have been reported that have compared
final ioMRI with that undertaken in the conventional 24–72 h.
This study aims to evaluate the utility of the final ioMRI scan
as the standard post-operative baseline scan following paedi-
atric brain tumour resections.

Methods

This prospective study compared the final ioMRI scan with
standard immediate post-operative MRI scan performed be-
tween 24 and 72 h post-surgery. As the study involved com-
parison with standard clinical methodology, and patients did
not require additional general anaesthesia, it did not require
consideration by the regional ethics committee and was regis-
tered as an institutional service evaluation study.

Patients undergoing brain tumour resection using ioMRI
and suitable for MRI without general anaesthesia 24 to 72 h
following surgery were included. Since the commencement of
ioMRI in our institution, the final intraoperative MRI was
regarded as the baseline post-operative MRI scan following
surgery. For this study, the patients who could tolerate anMRI
scan without general anaesthesia during regular working
hours (between Monday and Friday) underwent a second
MRI scan between 24 and 72 h, as per national imaging guide-
lines [10]. In 5 cases, it was possible to perform the second
MRI scan over the weekend, and they were also included in
the study. The patients included were required to have under-
gone the pre-operative, intraoperative, and post-operative im-
aging on the same 3-T MRI scanner (Philips Achieva® 3-T

scanner, Philips Healthcare, Best, Netherlands), located
alongside the neurosurgical theatre. The study period was be-
tween October 2012 and January 2016. From October 2015,
the scans were performed on a Philips Ingenia® 3-T scanner
(Philips Healthcare, Best, Netherlands).

The MRI scan protocol was based on the UK Children’s
Cancer and Leukaemia Group (CCLG) imaging guidelines
[10]. The sequences used for intraoperative assessment were
T2-weighted TSE in three planes, T1-weighted 1-mm isotro-
pic 3-D gradient-echo (T1-TFE) pre and post-contrast medi-
um administration, T1-weighted spin-echo (T1-SE) post-
contrast in the axial plane, and coronal T2-weighted FLAIR
sequence. Diffusion imaging was performed as DWI in the
axial plane (b values 0 and 1000 mm2/s) or DTI in the axial
plane (b values 0 and 800 mm2/s, 16 or 32 directions). On the
Philips Ingenia® 3-T scanner, diffusion imaging was per-
formed as a DWI-TSE sequence in the axial plane (b values
0 and 1000 mm2/s) in cases where significant air was noted in
the intracranial space during intraoperative imaging to reduce
the degree of susceptibility artefact. The sequences and
amount of contrast used on the pre-operative MRI, ioMRI,
and 24–72-h scans were identical. Subtle differences in image
quality between the ioMRI and non-ioMRI scans were due to
differences in coils used and did not affect the scans’ diagnos-
tic quality. A NORAS head holder (NORAS MRI products,
Hoechberg, Germany) with an 8 channel coil was used for
ioMRI, and for the non-ioMRI scan, a 16 channel head coil
was used. If patients had external scans, additional sequences
to facilitate ioMRI comparison were performed on our 3-T
MR scanner. All newly diagnosed brain tumour patients
underwent spine imaging pre-operatively to exclude spinal
dissemination.

At our institution, intraoperative MR imaging was intro-
duced in 2009, and almost all brain tumour resections have
been performed with the aid of ioMRI. The scans are evalu-
ated during the surgical procedure by the local neuroradiolo-
gist in consensus with the neurosurgeon performing the sur-
gery. When the surgical aim (complete/partial resection) is
achieved, the final ioMRI scan (employing the full tumour
imaging protocol) has been used as the immediate post-
operative scan. For the study, the pre-operative, final intraop-
erative MRI and 24–72-h MRI scans were anonymised and
independently evaluated by 2 experienced neuroradiologists.
Both neuroradiologists were aware of the histopathology and
the aim of the surgery (complete or partial resection). The
local neuroradiologist (SA) had 7-year experience in paediat-
ric neuroimaging with 4-year experience in intraoperativeMR
imaging at the start of the study. The second neuroradiologist
(TJ) based at a different tertiary level neurosurgical centre had
more than 20 years of paediatric neuroimaging experience.
Both readers were familiar with the type of scanner, field
strength, and sequences used. Qualitative analysis of the final
intraoperative MRI and 24–72-h post-operative MRI was
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performed, and the scans were compared for the following
variables: (1) evidence of gross total resection (GTR) or pres-
ence of residual tumour on the individual sequences (unequiv-
ocal versus equivocal), (2) evidence of surgically induced
contrast enhancement (meningeal enhancement unrelated to
adjacent tumour resection was excluded), and (3) evidence
of diffusion abnormality (not related to the tumour, haemor-
rhage, or air). The final ioMRI and 24–72-h MRI were com-
pared for the degree of surgically induced contrast enhance-
ment, T2/T2 FLAIR signal change, and the presence or ab-
sence of diffusion restriction. This was qualitatively assessed
based on the subjective comparison of the extent of abnormal-
ities, as these abnormalities were widespread, diffuse, and
unmeasurable by conventional radiological methods.
Additional relevant imaging findings in each case were also
recorded. This included the presence of artefacts and the over-
all quality of the scans. For this study, GTRwas defined by the
absence of any residual tissue which resembled the tumour
seen on the pre-operative MRI based on its position, signal,
and enhancement characteristics. Independent evaluations by
both neuroradiologists were compared, and the final observation
for each variable was based on consensus between the two ob-
servers. Cohen’s Kappa statistic was used to assess the inter-rater
agreement using IBM SPSS Statistics software (version 25).

Results

Twenty patients underwent intraoperative and early post-
operative MRI during the study period. The pre-operative
planned surgical aim was for complete resection in 11 patients
and partial resection in 9 cases. The age of the patients ranged
from 6.6 years to 21 years (mean 13.1 years). Of the 20 chil-
dren, 13 were boys. The 24–72-h scans were performed

between 24 and 36 h in 14 cases, between 36 and 48 h in 5
cases (40, 46,46, 48, 50 h), and between 48 and 72 h in one
case (66 h post-surgery). In 12 cases, the tumours were located
in the supratentorial compartment and 8 in the infratentorial
compartment. The histological diagnoses were medulloblas-
toma in 4, pilocytic astrocytoma in 5 (3 posterior fossae, 1
optic pathway, and 1 thalamic), fibrillary astrocytoma in 2,
ganglioglioma in 2, craniopharyngioma in 2, and one each
of high-grade glioma, pleomorphic xanthoastrocytoma,
pilomyxoid astrocytoma, subependymal giant cell astrocyto-
ma, and pituitary adenoma.

Unequivocal evidence of GTR was noted in 11 cases on
both the ioMRI and the 24–72-h scans, with 100% indepen-
dent agreement between both readers. The surgical aim in all
the 11 cases was complete tumour resection.

In 9 cases, where the surgical aim was partial tumour re-
section, unequivocal evidence of residual tumour was identi-
fied on both the final ioMRI and 24–72-h scans in all cases.
There was 100% independent agreement between both
readers for the presence of residual tumour on both scans
based on the combined interpretation of the sequences in each
scan. In 6 of the cases, residual tumour was seen on all se-
quences (T1W, T2W, T2 FLAIR, DWI, and T1 W post-con-
trast). In 1 case, the residual tumour could not be seen on
DWI, and in 2 cases, it could not be seen on DWI and
T2 FLAIR. The inter-rater agreement between both observers
for individual sequences is provided in Table 1.

Six of the 20 cases showed no evidence of surgically in-
duced contrast enhancement on both the ioMRI and the 24–
72-h scans. Ten of the 20 cases revealed an equal degree of
surgically induced enhancement (Fig. 1). In 3 cases, the
ioMRI showed a greater degree of enhancement, and in 1 case,
the 24–72-h scan showed a greater degree of enhancement.
Independent evaluation for surgically induced contrast

Table 1 Interobserver agreement
on the imaging parameters Parameters Percentage

agreement
Kappa statistic

Evidence of residual tumour

T1-W images on ioMRI 95% 0.89

T1-W images on 24–72-h MRI 90% 0.79

T2-W images on ioMRI 90% 0.79

T2-W images on 24–72-h MRI 95% 0.89

T2 FLAIR images on ioMRI 100% 1

T2 FLAIR images on 24–72-h MRI 100% 1

T1-W post-contrast images on ioMRI 100% 1

T1-W post-contrast images on 24–72-h MRI 95% 0.89

DWI images on ioMRI (based on 17 cases) 88% 0.67

DWI images on 24–72-h MRI (based on 20 cases) 90% 0.73

Surgically induced contrast enhancement—comparison 75% 0.68

DWI changes around surgical cavity—comparison (based on 17 cases) 72% 0.57
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enhancement yielded an agreement in 15 of the 20 cases
(75%); an agreement was achieved following consensus in
the remaining 5 cases.

Evaluation of diffusion abnormalities around the surgical
cavity revealed a greater extent of diffusion restriction on the
24–72-h scan in 11 cases (Fig. 5) and a greater extent of
diffusion restriction in ioMRI scan in 2 cases. In 4 cases, the
extent of diffusion restriction was equal. The DWI scan was
suboptimal for assessment in 2 ioMRI cases due to suscepti-
bility artefact from intracranial air on ioMRI, and in 1 case, a
DWI sequence was not performed on ioMRI. Independent
agreement on the diffusion abnormalities was achieved in 13
of the 17 cases (72%), and an agreement was achieved follow-
ing consensus on the remaining 5 cases.

An additional observation made by the reviewers was that
in 8 of the 20 cases, there was increased T2 signal abnormality
on the T2 and T2 FLAIR sequences around the surgical cavity

on the 24–72-h scans. This was thought to represent evolving
oedema and/or ischemia (when associated with diffusion re-
striction). As a general observation by both readers, the T1
hyperintensity of blood was more prominent on the 24–72-h
scans. There were smaller foci of marked hyperintensity on
both the ioMRI and 24–72-h scans, which were thought to
represent areas of electrocoagulation.

Discussion

The utility and safety of ioMRI-assisted neurosurgery for pae-
diatric brain tumours have been well-established [11–14].
Interpretation of intraoperative MRI scans can pose chal-
lenges, but the imaging appearances and pitfalls have been
well documented in the published literature [15–18]. Themain
advantages of ioMRI in brain tumour surgery are facilitating

Fig. 1 Axial post-contrast T1
volumetric images following
resection of a right cerebellar
pilocytic astrocytoma show equal
surgically induced contrast
enhancement (circled area) on the
ioMRI (a) and scan performed
following 24 h (b). Post-contrast
images following resection of a
pilomyxoid astrocytoma in a
different case show increased
enhancement related to the
choroid plexus (white arrow) on
the ioMRI scan (c) when
compared to the scan performed
following 24 h (d)
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safe intraoperative extension of surgical resection and neuro-
navigation update to compensate for brain shift during sur-
gery. Among other advantages is that the final intraoperative
scan could serve as the definitive immediate post-operative
baseline scan (which currently is usually performed between
24 and 72 h following surgery, requiring general anaesthesia/
sedation in a number of these children). An “awake” post-
operative scan can sometimes be delayed due to the patient’s
inability to cooperate during MRI scanning or due to post-
surgical morbidity. In some centres, if the operating days are
during the latter part of the week, the 24–72-h scan may not be
logistically possible during the weekends. The ability to use
the final intraoperative MRI scan as the immediate post-
operative scan can serve as an additional incentive to invest
in an intraoperative MRI scanner both from the perspective of
quality of care and cost-benefit of avoiding additional scans/
general anaesthesia.

At our tertiary level paediatric neurosurgical centre, the
final intraoperative MRI has served as the baseline post-
operative scan, provided the following guidelines are main-
tained: (a) the standard post-operative brain tumour protocol
(based on the UK CCLG brain tumour imaging guidelines) is
followed for the final intraoperativeMRI scan to justify its use
as a baseline scan, (b) there is full awareness of the imaging
appearances and potential pitfalls related to ioMRI, and (c) the
interpretation of the intraoperative imaging is performed in
“real time” by the neuroradiologist in conjunction with the
operating neurosurgeon. Employing these principles, in our
experience, the final ioMRI has been as effective as a post-
operative baseline MRI.

The rationale for performing post-operative MRI scan be-
fore 72 h post-surgery is due to the evidence of abnormal
enhancement related to post-surgical changes that increase
after 72 h [1, 2]. Surgically induced contrast enhancement
(SICE) has, however, also been recognised in intraoperative
MRI scans. Knauth and colleagues described four types of
SICE on ioMRI scans: (1) meningeal enhancement, (2) in-
creased enhancement of the choroid plexus, (3) enhancement
at the resection margins, and (4) intra-parenchymal enhance-
ment immediately deep to the surgical margin [15]. The latter
2 forms of SICE can pose challenges during intraoperative
MR image interpretation as they can resemble residual en-
hancing tumour tissue. SICE can also create challenges in
the assessment of standard post-operative imaging performed
between 24 and 72 h [4, 5]. In our study, surgically induced
contrast enhancement was not seen in 6 cases on both ioMRI
and 24–72-h scans, and the degree of enhancement was equal
in 10 cases. Among 3 cases, SICE was greater on the ioMRI
scans. In one case, there was an increased enhancement of the
choroid plexus (Fig. 1c and d). This is a well-recognised phe-
nomenon described by Knauth et al., and careful assessment
of the enhancement and its continuity with the choroid plexus
either within the lateral ventricle or the fourth ventricle can

help differentiate this from pathological enhancement. The
second case demonstrated increased enhancement immediate-
ly deep to the surgical margin (Fig. 2). This has also been
described previously [15]. In our experience, we have encoun-
tered this form of enhancement deep to an area of haemor-
rhage seen as T1 hyperintensity on the non-contrast scan.
Careful comparison to the pre-operative imaging will help in
differentiating pathological enhancement within residual tu-
mour tissue from SICE. In the third case, there was minimal
linear enhancement along the surgical margin (maximum
depth 3mm) on the ioMRI that was not seen on the 24–72-h
scan.

In one case following partial resection of a high-grade gli-
oma, post-surgical enhancement was seen only on the 24–
72-h scan (Fig. 3). As a general rule, SICE appears as an area
of thin linear enhancement along/deep to the surgical margin.
In our 10-year experience, it has not measured more than
3 mm in depth. Foci of enhancement that are nodular, mea-
suring greater than 3 mm in depth, or appear similar to that
seen on the pre-operative imaging should raise the suspicion
of residual tumour tissue. In our practice, the neurosurgeon re-
explores these areas of abnormal enhancement with the up-
dated neuro-navigation using the new volume dataset. If there
is residual resectable tumour visible on re-exploration and
further resection is performed, a final ioMRI is obtained. If
there is further resection on re-exploration, histological assess-
ment of the specimen is performed. In this study cohort, none
of the patients required re-exploration following the final
ioMRI.

In our study, the diffusion abnormalities were greater on the
24–72-h MRI scans in 11 of the 16 cases where the DWI could
be assessed. The diffusion restriction abnormalities were noted
mainly along the surgical cavity wall and along the surgical
tract and thought to represent tissue injury (Figs. 2 and 5).
This is a well-recognised phenomenon. Smith et al. noted re-
duced diffusion in 28 of 44 adults (64%) who underwent
resective surgery for brain tumours [19]. Complete resolution
was noted by 90 days in 86% of the cases, and the diffusion
abnormality was replaced by contrast enhancement as early as
day 15, appearing as encephalomalacia on long-term follow-
up. Ozturk et al. evaluated post-operative (<24 h) scans of
patients following surgery for brain tumours and epilepsy
[20]. 32.7% of the patients who had tumour surgery and 15.4
% of patients with epilepsy surgery demonstrated restricted
diffusion along the resection cavity. The difference in diffusion
abnormality between the two scans in our study can be ex-
plained by the time required for the diffusion abnormalities
related to cytotoxic oedema to be established. In our study,
the late scans did not show any area of large vascular territory
infarction. Although ioMRI identified diffusion abnormality
related to tissue injury to a lesser degree than 24–72-h scan,
we believe that this does not significantly change patient man-
agement (and may confer an interpretive advantage). In our
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Fig. 2 Axial images following resection of a right thalamic low-grade
glioma. The pre-contrast ioMRI T1 image demonstrates haemorrhage
lining the surgical cavity, best seen on the magnified image (a). The
post-contrast sequence on ioMRI (b) demonstrates curvilinear
enhancement deep to the linear area of haemorrhage lining the surgical

cavity (white arrow). The enhancement is absent on the scan performed
24 h later (c). There is evidence of diffusion abnormality (dotted arrows)
on the b1000 (e) and ADC (f) images on the 24-h scan but less prominent
on the b1000 image of the ioMRI (d)

Fig. 3 Axial T1 post-contrast
scans following resection of a
right frontal high-grade glioma
show increased surgically
induced contrast enhancement
(white arrows) on the scan
performed 24 h following surgery
(b) when compared to the ioMRI
scan (a)
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practice, we have occasionally encountered children who have
presented with vascular territory ischaemia related to vaso-
spasm. These children have presented with altered neurology
necessitating repeat imaging.

In two cases, the intraoperative DWI was suboptimal for
assessment due to susceptibility artefact related to air (Fig. 4 a
and b). This was a major limitation during our early intraop-
erative practice. This was reduced in most cases by irrigation
of the surgical cavity with saline/irrigation fluid prior to the
scan, use of titanium pins for the head holder, and placement
of the pins away from the region of interest [17]. Other mea-
sures are to avoid surgical materials (such as haemostatic
packing) placed within the resection cavity and positioning
the patient’s head in the scanner’s isocentre [18]. During the
latter part of the study, after a scanner software upgrade, we
were able to perform a turbo spin-echo diffusion-weighted

sequence (DWI-TSE). This has significantly reduced suscep-
tibility artefact related to air (Fig. 4c and d) but does require an
additional 3 min of scan time.

In 8 of the 20 cases, there was evidence of increased T2/T2
FLAIR hyperintensity within the brain parenchyma adjacent
to the surgical cavity on the 24–72-h scan. In some cases,
these changes were accompanied by foci of diffusion restric-
tion. The corresponding ioMRI scans showed no evidence of
signal abnormality, clearly indicating that the changes were
related to evolving tissue injury or oedema (Fig. 5). This, in
particular, could be an advantage of ioMRI during resection of
non-enhancing tumours as the signal abnormalities noted on
the 24–72-h scan could be spuriously interpreted as possible
residual tumour tissue, often requiring unnecessary early re-
peat imaging or, in some instances, surgical re-exploration
depending on the clinical scenario. Measurement of non-

Fig 4 Axial T2 W image on
ioMRI (a) demonstrating foci of
air (white arrows) in the surgical
field, causing significant
susceptibility artefact (dashed
arrows) on echo-planar imaging
DWI sequence (b). Imaging using
a turbo spin-echo DWI sequence
(d) shows no evidence of
susceptibility artefact despite the
presence of air (white arrows) in
the ventricles and the extra-axial
spaces on the T2 W image (c)
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enhancing tumour post-resection has been a well-known chal-
lenge in the adult brain tumour population. Pala et al. reviewed
the T2 and T2 FLAIR images on ioMRI, early post-operative
MRI (<48 h), and late post-operative MRI (3–4 months) of 33
adults following surgery for low-grade gliomas [21]. They
found a significant difference of T2 FLAIR/T2 abnormality
between the early (<48 h) and late post-operative residual
tumour volumes. They concluded that the ioMRI or ultra-
early post-operative MRI (directly after surgery) reflects the
residual tumour’s actual volume, as there were no significant
differences in tumour volumes on T2 and T2 FLAIR.

Foci of T1 hyperintensity related to blood were more prom-
inent on the 24–72-h scans (Fig. 6). This is likely related to the
signal characteristics of methaemoglobin at the later stage com-
pared to that of oxy-/deoxyhaemoglobin at the time of the
ioMRI. The reduced visibility of blood on T1 on ioMRI is

not a significant issue as haemorrhagic areas can be identified
on the T2-weighted sequences as foci of T2 hypointensity.
Some centres perform an SWI sequence to identify blood.
The reduced T1 signal of blood on ioMRI can occasionally
have an advantage over 24–72-h scans when there are complex
post-surgical changes with a mixture of haemorrhage and en-
hancement that can pose challenges in teasing out haemorrhage
from enhancement (despite comparing with T1 non-contrast
images). The radiologists in this study also noted focal areas
of marked T1 hyperintensity on the ioMRI which they believe
are related to areas of electrocoagulation (Fig. 6).

An important limitation of the study is the small patient
population. There were several contributing factors to this. At
our institution, brain tumour surgery with ioMRI is usually
performed on a Thursday, and obtaining a post-operative scan
during working weekday hours proved a challenge. Fifteen

Fig. 5 IoMRI (a, b, c) and 24-h post-operative scans (d, e, f) following
resection of a fourth ventricular medulloblastoma. The axial T2 W (d),
coronal T2 FLAIR (e) images on the 24-h scan demonstrate abnormal
hyperintensity along the right surgical margin (dotted arrows) suggestive
of oedema. The corresponding T2 (a) and T2 FLAIR (b) images show no

abnormality (white arrow) along the surgical margin on the ioMRI. The
diffusion-weighted b1000 image from the 24-h scan (f) shows diffusion
abnormality (open arrow) that was not seen on the ioMRI (c). The 24-h
ADC image (not shown) confirmed evidence of diffusion restriction,
likely reflecting tissue injury
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cases had the 24–72-h scans 24 h following surgery, and 5 had
the scans over the weekend. Many children were not fit for
undergoing a scan on the following day, and it was not possible
to obtain scans over the weekend. This is a well-known prac-
tical difficulty in a number of neurosurgical centres who have,
by default, chosen to use the final ioMRI as the baseline scan.
Although this study describes a relatively small number of
cases, we believe that there is a good representation of children
from both the complete and partial tumour resection groups. To
our knowledge, this is the first study evaluating the validity of
ioMRI scan as a baseline scan following brain tumour resec-
tion, which is of importance with the increasing prevalence of
ioMRI and the need for updating national and international
imaging standards in this respect. This study only tests the
validity of a 3-T ioMRI, and further similar studies, including
1.5-T ioMRI, will help strengthen the evidence in this area.

Conclusion

This prospective study demonstrates the utility of 3-T final
ioMRI as a baseline scan following brain tumour resection.
The ioMRI and 24–72-h MRI scans equally demonstrated
evidence of GTR and residual tumour. There are patterns of
surgically induced contrast enhancement that the radiologist
should be aware of when reporting ioMRI. IoMRI has an
advantage over 24–72-h scans with a lesser amount of T2
and T2 FLAIR-related abnormality that is surgically induced.
The final ioMRI scan can serve as a valid post-operative base-
line scan provided the full post-operative tumour protocol is
followed and is reported by a neuroradiologist in consensus
with the operating neurosurgeon during the procedure. With
the recent development of response assessment in paediatric
neuro-oncology (RAPNO) guidelines, this study may also
provide supportive evidence for the inclusion of ioMRI in

place of 24–72-h scanning, in the appropriate clinical context,
in the surgical management of paediatric brain tumours.
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