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Journey of Intraoperative Magnetic Resonance
Imaging into Daily Use: A Review

Moritz Scherer, Christine Jungk, Andreas Unterberg

Abstract: The introduction of intraoperative
MRI (iMRI) for resection guidance was a mile-
stone of technical innovation in neurosurgery
more than a decade ago. Based on the general
opinion that more radical and preferably com-
plete tumour resection leads to significantly lon-
ger survival of glioma patients, advantages of

this method have become increasingly evident
ever since. IMRI appears to be the most effective
way to safely extend tumour resections and pre-
cisely delineate tumour boundaries in both high-
and low-grade tumours. This review covers re-
cent literature illustrating the contribution of
iMRI to more radical tumour resections and un-

derscores why bringing this method into daily
routine of glioma surgery was only a logical con-
sequence. EANO Mag 2013; 3 (2): 61-7.

Key words: glioma surgery, extent of resection,
patient survival, intraoperative magnetic reso-
nance imaging, volumetric analysis

Introduction

Alongside adjuvant radio- and chemotherapy, surgery re-
mains a mainstay in the treatment of patients with intracranial
gliomas. Similar to recent advances in the field of neuro-on-
cology, resection techniques of intracranial gliomas have un-
dergone many changes in the past decades. New technologi-
cal developments range from microneurosurgery and multi-
modal neuro-navigation to routine implementation of high-
field MRI scanners for intraoperative resection control in
latest history. All these advances provide assistance to the
operating surgeon, ensuring removal of as much tumour tis-
sue as possible without causing any additional neurologic
squalor.

The contribution of intraoperative MRI imaging (iMRI) to
maximized tumour resection, patient safety, and outcome has
been subject of many studies since the first appearance of this
method in the late 1990s. Following a controversial debate,
maximum extended safe tumour resection has been proven to
harbour significant survival benefits for glioma patients. The
role of iMRI is to guide such maximum extended safe tumour
resection and its unprecedented precision in delineating tu-
mour borders has become evident in recent research. Regard-
less of its clinical benefits, high costs and manpower require-
ments still pose heavy limitations to widespread availability
of iMRI which makes this method subject to economical and
ethical considerations.

This review outlines the significance of maximum extended
safe tumour resection in present-day multidisciplinary glioma
treatment, explains how iMRI can provide substantial deci-
sion guidance to the operating surgeon, and demonstrates how
such a sophisticated method can be implemented into the
daily routine of neurosurgical procedures.

Received on January 15, 2013; accepted on January 16, 2013; Pre-Publishing Online
on February 12, 2013

From the Department of Neurosurgery, Heidelberg University Hospital, Germany
Correspondence to: Moritz Scherer, MD, Department of Neurosurgery, Heidel-
berg University Hospital, Im Neuenheimer Feld 400, 69120 Heidelberg, Germany;
e-mail.moritz.scherer@med.uni-heidelberg.de

Benefit of Extended Tumour Resections
for Patient Prognosis

Diagnosed with an intracranial mass lesion, patients need
confirmation of histological diagnosis in order to receive ad-
equate and specific therapy. Treatment guidelines for intracra-
nial tumours explicitly recommend that tissue specimens be
obtained before commencement of radio- or chemotherapy.
In case of intracranial gliomas, the least surgery can offer is to
provide the histological diagnosis required for further ad-
juvant therapies. Beyond that, maximum extensive safe sur-
gery is increasingly accepted as an independent, positive,
prognostic factor [1].

In recent years, routine acquisition of early post-resection
MRI scans within 48-72 hrs after surgery has provided the
opportunity to evaluate the correlation between the extent of
resection (EOR) and different outcome measures. Among the
many studies dedicated to this matter, heterogeneity of data
and patient samples is huge. Up-to-date, large, randomized,
controlled trials evaluating the value of maximized resection
vs partial resections are lacking and ethically debatable. Many
conclusions are drawn from subgroup analyses based on pa-
tient data acquired in another context. Additionally, retrospec-
tively designed and single-centre reports are unfortunately
subject to a biased patient sample regarding age, overall per-
formance, imaging modalities, or adjuvant therapy regimens.
Nevertheless, there is a growing body of evidence supporting
the pursuit of maximized safe resection in the treatment of
intracranial gliomas.

In case of high-grade gliomas (HGG), besides yielding a his-
tological diagnosis surgery is also performed to relieve symp-
toms caused by the rapidly growing tumour mass and brain
oedema. Due to the inevitable tumour invasion into healthy
brain parenchyma, it is obviously never possible to remove all
tumour cells but rather important to achieve substantial relief
from tumour burden in terms of gross total resection (GTR, ie
no residual contrast enhancement [CE] on post-resection
scan). As opposed to subtotal or partial resection of the tu-
mour (STR or PR, nodular or solid CE residual, respectively),
GTR has been shown in various studies to have significant
impact on patient survival. Besides known prognostic factors
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Table 1. Increase of EOR in all cases where resection was continued after an intraoperative MRI scan.

Author, Year [Ref] Cases (n) WHO grade iMRI EOR (%) Final EOR (%) *+ (%) p
Nimsky et al, 2004 [20] 17 =Y 88.6 + 13.8 93.1 + 10.3 +4.5 < 0.01
Schneider et al, 2005 [21] 31 [\ 69.3 85 +15.7 NC
Hatiboglu et al, 2009 [19] 21 =Y 76 (35-97) 96 (48-100) +20 < 0.0001
Kuhnt et al, 2011 [22] 76 -1V 66.55 + 25.14 85.27 + 23.26 +18.72 < 0.01
Scherer et al, 2012 101 -1V 90.1 + 15.6 99.8+£0.8 +9.7 NC

(unpublished data)

NC: not calculated

Table 2. Rates of successfully reached, predefined resection goals after a first iIMRI scan, a postoperative scan, and the

incidence of ongoing resections.

Author, Cases WHO Predefined St St OoP Ongoing p
Year [Ref] (n) grade goal after 1st on post- resection
iMRI (%) MRI (%) (%)
Knauth et al, 1999 [24] 38 [11=1V GTR 37 76 39 0.0004
Nimsky et al, 2004 [20] 47 Y GTR/IR 64 100 36 < 0.001 for IR
Hatiboglu et al, 2009 [19] 44 Y GTR/IR 52 100 48 NC
Kuhnt et al, 2011 [22] 293 [-IV GTR/IR 74 100 26 NC
Senft et al, 2011 [18] 24 (V) GTR 66 96 30 NC
Scherer et al, 2012 101 -1V GTR/IR 29.7 95.7 70.3 NC

(unpublished data)

GTR: gross total resection; IR: incomplete resection; HGG: high-grade glioma; NC: not calculated

such as age and Karnofsky performance status (KPS), GTR
has been shown to be another independent positive prognostic
factor in HGG [1-8]. To our knowledge, evidence of the high-
est available quality can be derived from a German multi-
centre, randomized, controlled trial by Stummer et al that
compares S-aminolevulinic acid (5-ALA) fluorescence-
guided with conventional white-light HGG resections [9]. Ina
balanced re-stratification for resection extent, all patients who
underwent GTR experienced prolongation of overall survival
compared to incompletely resected patients (16.7 vs 11.8
months, respectively; p < 0.0001) [1, 7]. In addition, another
high-volume series of McGirt et al evaluated 1250 patients
harbouring a high-grade glioma and found a survival benefit
up to 5 months when comparing GTR to PR (13 vs 8 months,
respectively) [8]. These results were adjusted for factors with
known association to survival such as age, KPS, or adjuvant
therapies. Sanai et al present a thorough analysis of the cur-
rent literature with a focus on precise calculation of EOR and
clear statistical measures. They report a statistically signifi-
cant beneficial effect from maximized EOR in 16/28 HGG
studies [6]. Although prognosis in HGG remains poor, these
recent results should be valued as encouraging. We see the
impact of extended safe resection upon overall survival in
glioblastoma alongside with the beneficial effects of con-
comitant radio-chemotherapy as reported by Stupp et al in
2005, formerly offering a median 2.5-month longer survival
compared to previous standard treatment [10]. Even though
this study did not include mandatory postoperative imaging
and EOR was partly assessed by means of inaccurate estima-
tion of the operating surgeon, in a post-hoc data analysis by
Gorlia et al EOR was shown to have a significant impact on
patient survival. Building on this and remembering that 5-
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ALA data was acquired before the implementation of con-
comitant adjuvant radiochemotherapy, supplemental effects
should be expected when both approaches are combined.
Maximized safe resection followed by an individualized, tar-
geted therapy is expected to further prolong overall survival
for patients with HGG in the future [11].

Low-grade glioma (LGG) patients often show mild to nil
clinical symptoms but eventual malignant tumour progression
will aggravate symptoms and reduce life expectancy. As most
of WHO °I and °II tumours are not easily amenable for radio-
or chemotherapy due to their slow cell proliferation compared
to their high-grade counterparts, watch-and-wait regimens are
still applied after biopsy until a definite therapy is initiated
[12]. To date, this approach should be questioned when sur-
gery alternately can safely remove the tumour, diminishing
the risk of malignant transformation or occurrence of neuro-
logic symptoms or seizures. Besides, even small and deeply
located lesions can be safely approached with today’s tech-
niques so that factors complicating surgery such as growth,
malignant transformation, and tumour infiltration can be an-
ticipated instead. The literature provides support for radical
surgery in supratentorial LGG amenable for safe resection as
the treatment of choice [13, 14]. Even though formal quality
of evidence is weak, a systematic review of Sanai et al quotes
9/10 selected LGG studies as being in favour of extensive re-
section of LGG lesions. In uni- and multivariate analyses,
EOR was revealed to be a significant positive prognosticator
in 7 of these studies [6]. Even in case of tumour recurrence,
Ahmadi et al could show a clearly beneficial effect of more
radical surgery in terms of time to malignant progression and
overall survival [15].



iMRI for Intraoperative Resection
Control

Accurate delineation of tumour and normal brain parenchyma
remains one of the major challenges in glioma surgery. In re-
cent years, many technical advancements have been devel-
oped to assist the surgeon in locating and precisely confining
brain tumours. Alongside with multimodal neuronavigation,
intraoperative ultrasound, and 5-ALA in glioblastomas, intra-
operative MRI acquisition is used in a growing number of
centres for tumour resection control. Initial evaluation follow-
ing the introduction of this method quickly showed beneficial
effects of iMRI in glioma surgery. Reports of increased EOR
and improved patient prognosis have accumulated over recent
years and other advantages such as compensation for brain-
shift phenomena through intraoperative update of neuro-
navigation have been pointed out [16]. Moreover, surgeons
have been exposed to commonly overestimate their own re-
section extent, which strengthens the call for routine intra-
operative resection guidance based on the given correlation
between resection radicality and patient prognosis [17].

In HGG, iMRI resection control is often compared to fluores-
cence-guided resection with 5-ALA, which has been shown to
lead to more frequent GTR compared to white-light surgery.
To corroborate the contribution of iMRI to a more radical
EOR, a bundle of retrospective studies and cohort analyses
have been published. Following the design of the 5-ALA
study, Senft et al recently conducted a randomized controlled
trial to further elucidate the use of iMRI. In their cohort of 49
HGG cases scheduled for total tumour resection, rando-
mization assigned patients either to receive low-field iMRI-
guided or conventional microneurosurgical extirpation of the
tumour. In the iMRI resection group, this surgical goal was
achieved in 96 % of cases compared to only 68 % in the
conventional group (23 vs 17 of 49 patients, respectively)
[18]. Adding up to other likeminded results, this study for
the first time validated the gain of iMRI resection control
in a randomized controlled fashion. For HGG resections,
iMRI-guided surgery leads to a higher frequency of GTR at
least comparable to results achieved using 5-ALA fluores-
cence.

In LGG, only intraoperative ultrasound (iUS) can help as an
alternate imaging modality during surgery. High-field iMRI
scanners are of special value in LGG surgery since they offer
high anatomical resolution along with full-scale diagnostic
capability. Sharp T2 and FLAIR sequences, MR-spectros-
copy, and diffusion-weighted imaging (DWI) contribute
greatly to a precise delineation of residual non-enhancing in-
tracranial lesions. So far, there are only few retrospective stu-
dies available evaluating LGG outcomes after iMRI-guided
resection. A group from the Brigham and Women’s Hospital
in Boston compared long-term results derived from their
iMRI-guided LGG resections to results from a national regis-
try. Their central finding was a significant reduction of 1-, 2-,
and 5-year age- and histology-adjusted death rates compared
to the national registry when iMRI was used for resection
guidance (1.9 % [95-% CI: 0.3-4.2 %], 3.6 % [95-% CI: 0.4—
6.7 %], and 17.6 % [95-% CI: 5.9-29.3 %], respectively).
Stratifying for total and subtotal LGG tumour removal, a 1.4

times higher risk of recurrence (95-% CI: 0.7-3.1) and a 4.9
times higher risk of death (95-% CI: 0.61-40.0) was apparent
when lesions were only removed subtotally [14]. These ten-
dencies suggest a correlation between iMRI-guided extent of
resection and longer patient survival also in low-grade tu-
mours. But again formal evidence is weak, with the non-ho-
mogeneity of data and study groups impeding final conclu-
sions until results are confirmed in larger, randomized,
matched or other controlled populations.

Regarding EOR, volumetric analysis did also quantify the in-
creased amount of tumour that could be removed by means of
iMRI in some studies (Table 1). EOR could be increased from
amedian 76 % to 96 % in one series, and residual tumour frac-
tions could be reduced from 21.4 + 13.8 to 6.9 + 10.3 % in
another series across all WHO grades [19, 20]. Accordingly,
Kuhnt et al and Schneider et al showed an increase in EOR
from 66.55 % and 69.3 % at the point where MRI was per-
formed intraoperatively to a final EOR of approximately 85 %
on postoperative MRI scans [21, 23]. A preliminary analysis
of our own prospective volumetric iMRI data has yielded
similar results. In 101 analyzed patients operated under
iMRI guidance in 2011, EOR was increased from 90.1 % +
15.6 % on intraoperative images to a final EOR of 99.8 % +
0.8 % (Scherer et al, unpublished data, 2012). In all of these
studies, up to 20 % of the overall tumour resection was not
performed until after an iMRI scan confirmed tumour rem-
nants.

To deduct an increased extent of resection solely from the
intraoperative use of iMRI would be much of a hasty reaction.
Since surgeons were aware of the feasibility of iMRI right
from the beginning of surgery, this possibility biased the deci-
sion of when to do the first intraoperative scan and led to a
more defensive resection strategy in those studies. Accord-
ingly, the absolute values of EOR increase after iMRI partly
represent the surgeon’s uncertainty in tumour delineation or
the difficulty of surgery rather than the direct contribution of
iMRI to more radical tumour surgery.

Rates of continued surgery after intraoperative resection con-
trol by means of iMRI are another interesting aspect when as-
sessing the value of this intraoperative imaging modality.
Among the iMRI studies presented here (Table 2), 21 out of
44 patients (47 %) [19] and 17 out of 47 patients (36 %) [20],
respectively, underwent further tumour resection after iMRI
resection control. Another report by Kuhnt et al states a 26-%
incidence of additional resections after the first intraoperative
scan. Referring to our own data analyzing the routine use of
iMRI guidance for all glioma resections at our department, we
observed high frequencies of ongoing resections beyond all
WHO grades. In total, 71 of 101 (70.3 %) cases received addi-
tional tumour resection after iMRI with even higher rates for
WHO °II and °III tumours (Scherer et al, unpublished data,
2012). In their randomized controlled cohort of WHO °IV tu-
mours, Senft et al reported additional tumour resection in
155 of cases of iMRI application, leading to successful accom-
plishment of GTR in all of these patients. In their conclusion,
iMRI was accountable for rhe 30-% increase in complete re-
sections and it was evident that without its use neither group
would have differed significantly from the other [18, 23].
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Table 3. Postoperative neurological deficits (visual, motor,
language) after iIMRI-guided surgery, permanent deficits at
> 4 months after surgery.

Author, Year [Ref] Postoperative Permanent

Deficits deficits (%)
Further No further
resections resections

after iMRI (%) after iMRI (%)

Schneider et al, - - 12.9

2005 [21]

Hatiboglu et al, 33 26 7
2009 [19]

Kuhnt et al, 14 26 6.8
2011 [22]

Senft et al, 0 13 -
2011 [18]

Table 4. Outcome of patients operated under iIMRI guidance
with respect to the EOR. Data presented as difference in
median survival times.

Author, Year [Ref] Survival Resection = (months) p
Wirtz et al, oS GTR vs IR +4.2 0.0035
2000 [25]

Schneider et al, 0S GTR vs IR +10 0.0004
2005 [21]

Kuhnt et al, 0S GTR vs IR +5 0.0001
2011 [22]

Senft et al, BES GTR vs IR +4.3 0.0003
2011 [18]

GTR: gross total resection; IR: incomplete resection; OS: overall
survival, PFS: progression-free survival

While these questions concern rather technical aspects of
iMRI-guided surgery, it is important to focus on the true goal
of surgery, which is to achieve maximized safe tumour resec-
tion in order to prolong patient survival. Among all iMRI stu-
dies that have documented their cases with respect to the pre-
operatively defined resection goal it becomes evident that this
surgical goal can be attained in a vast majority of cases where
iMRI was used (Table 2). While the predefined goal was al-
ready reached in 37-74 % of cases when a first iMRI was per-
formed, continued resections after iMRI led to eventual suc-
cess in up to 100 % of cases. This implicates that independent-
ly from other available modalities for resection control iMRI
is a convincingly precise and efficient way to push resection
boundaries and achieve the goal of surgery in an overwhelm-
ing majority of tumour resections across all WHO grades.

Most importantly, iMRI-guided extended resection radicality
was not achieved at the cost of any increased morbidity. Nei-
ther did the randomized study of Senft et al show a significant
accumulation of deficits when comparing the iMRI with the
white-light group (3 vs 2 permanent deficits; 13 % vs 8 %,
respectively), nor did Kuhnt et al observe any aggravation of
motor or speech deficits when comparing their cohort of addi-
tionally resected tumours with those resections terminated af-
ter an iMRI resection control (7.7 % vs 12.5 % accumulated
morbidity at discharge, respectively; Table 3).
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As mentioned earlier, prolonged survival after extended
glioma surgery has been reported many times in general.
Some studies have also directly addressed the contribution of
iMRI-guided extended tumour resection upon patient overall
survival [18, 21, 22,25-27]. Among the HGG series, Kuhnt et
al present a series including 135 glioblastoma patients oper-
ated using 1.5 T high-field iMRI guidance. EOR > 98 % and
age < 65 were independent positive prognosticators leading to
a 5-month longer overall survival when more radical surgery
could be achieved (14 months [95-% CI: 11.7-16.2] vs 9
months [95-% CI: 7.4-10.5]) for EOR > 98 % and < 98 %,
respectively (p < 0.0001) [22]. Results from other cohorts
point in the same direction with a longer overall or progres-
sion-free survival after complete vs incomplete tumour resec-
tion (Table 4). Comparable to 5-ALA data, beneficial effects
of extended surgical radicality have thus been observed inde-
pendently of the technique used for resection guidance in
HGG.

In their review, Kubben et al attempted not only to examine
the benefit on survival but also to evaluate clinical perform-
ance and quality of life before and after iMRI-guided surgery.
Focusing on precise EOR calculation, detailed reports of
quality of life, and long-term documentation of patient sur-
vival, 12 non-randomized cohort studies out of 682 pub-
lished studies from 1999 until 2010 were selected. Even
though all included studies showed increased overall EORs,
reliable data on the quality of life or prolonged survival was
sparse. Only 3/12 studies included patient follow-up, each
showing significantly longer median survival times. An-
other 3/12 studies evaluated clinical performance but failed
to show a correlation to extended tumour resections. Data
concerning quality of life after surgery was not provided by
any study [28]. Performance scores are often documented be-
fore surgery in order to identify the calculated status as an
outcome predictor; postoperative performance status, how-
ever, often remains elusive. Although a slight reduction in
KPS within 2 weeks after surgery has been reported by
Mehdorn et al, yet the value of this finding is unclear due to
unbalanced and selected cohorts in this study [27]. So, apart
from focal motor or speech deficits, the question of how pa-
tients are doing shortly after extended glioma surgery and
during their assumedly longer survival has remained mostly
unanswered.

Although not truly “online”, like intraoperative ultrasound
(iUS) and 5-ALA, intraoperatively acquired MR imaging can
reliably help the surgeon to delineate tumour tissue from
healthy brain parenchyma. Especially in areas that are hard to
explore with US or fluorescent light, iMRI might be superior
in detecting residual tumour. Likewise, in LGG or anaplastic
gliomas, where 5-ALA shows no or only weaker detection
rates, iMRI has full distinction power leading to a greater
EOR across all tumour entities without adding any specific
neurologic morbidity. Spatial precision of tumour delineation
of iMRI combined with multimodal neuronavigation is un-
precedented. This offers the chance not only to enhance com-
plete tumour resections but also to guide partial resections
with borders close to eloquent areas, limiting resection extent
precisely to only harmless tumour parts. Compared to any
other intraoperative imaging modality iMRI enables the sur-



Figure 1. 33-year-old male with seizures diagnosed with a WHO °ll astrocytoma by stereotactic biopsy. Complete
tumour resection was scheduled. (A) Preoperative definition of target tumour volume of 31.72 cm® on T2 FLAIR
images. (B) On the first iMRI, a 1.92-cm® residual tumour is detected at the ventral aspect of the resection cavity
on sharp FLAIR images. (C) Postoperative MRI shows no signs of tumour remnants. iMRI guidance led to a fully
successful procedure with no added neurologic morbidity.

geon to achieve the seemingly contradictory goal of extend-
ing radicality while improving safety.

In summary, the literature shows clear benefits from improved
iMRI-guided resection radicality such as lower risk of recur-
rence, longer progression-free survival, lower 1-5-year death
rates (LGG), and longer overall survival (HGG). However,
formal evidence for this knowledge is still lacking. Due to in-
consistency of data acquisition and presentation, mixed pa-
tient populations, and other technical limitations such as dif-
ferent measurements of EOR or MRI field strengths it has so
far been virtually impossible to elaborate a clear meta-analy-
sis of existing studies dealing with this topic. As further
randomized controlled trials evaluating the extent of resection
and its effect on survival are ethically debatable from our cur-
rent state of knowledge, well-designed, prospective, observa-

tional studies might be the only way to underscore the impor-
tance and benefit from more radical surgery for the treatment
of intracranial gliomas in the future. Precise and prospectively
addressed definitions of surgical goals (GTR, no residual con-
trast enhancement, vs PR, residual contrast enhancement),
routine postoperative imaging 48—72 hrs after surgery and
volumetric documentation of resection extent should be the
least common ground for future data collections. This well-
defined baseline data will help to merge knowledge in the
field and to present high-volume multicentre series providing
age- and histology-adjusted estimates of survival rates with
respect to the achieved EOR. Beyond technical aspects, future
studies also have to focus on clinical performance and quality
of life along with survival benefits in order to give sustainable
answers to the questions evolving around the use of iMRI in
glioma surgery.
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Journey of iMRI into Daily Use

Feasibility of Routine iMRI:
Implementation into Daily Surgery

Since acquisition and maintenance costs are still a substantial
drag to a greater prevalence of iMRI units in hospitals today, it
is important to take into account all therapeutic indications
and their benefits for patients to justify their establishment.

High-field iMRI machines offer the full range of diagnostic
sequences and high anatomical resolution. Accordingly, iMRI
imaging can also assist in stereotactic biopsies, placement of
catheters, or deep-brain stimulating electrodes and, lastly,
transsphenoidal resections of pituitary tumours. From an eco-
nomical point of view, frequent utilization of an iMRI pro-
motes a faster return of initial investments while cutting main-
tenance costs at the same time. Hence, frequent and effective
use of an iMRI unit will serve both medicine and manage-
ment.

Routine implementation of an iMRI into daily surgical rou-
tine can only be accomplished under certain conditions. Pa-
tient safety has to be given top priority, which can easily be
jeopardized by a strong magnetic field within an operating
room (OR). Among different iMRI-suite set-ups, instead of
placing the iMRI scanner in the OR itself, in our opinion a 2-
room solution has obvious advantages for routine daily use.
Our set-up in Heidelberg, where the patient is transported into
the iMRI next door, allows us to perform regular surgery with-
out any relevant limitations with regard to positioning or sur-
gical instruments. Moreover, this set-up allows us to use the
iMRI unit from 2 ORs, fostering efficient multiple daily use
for various indications. Besides, separating the magnet from
the OR is a relevant safety aspect, especially when the OR is
used for cases where iMRI will not be used. Regardless of the
iMRI set-up, dedicated standards of iMRI procedures and
vigorous staff training are inevitable. On the one hand, stand-
ardized work-flows warrant patient safety while on the other
hand, a straightforward iMRI procedure with reduced transfer
times also contributes to efficient use of OR and labour time.

In Heidelberg, routine use of iMRI began when a new 1.5 T
magnet was installed in June 2009. Since then, more than 670
surgical procedures have been performed using iMRI guid-
ance. In our institution, all intracranial gliomas eligible for
GTR are scheduled to undergo surgery with iMRI guidance.
Whenever applicable, partial tumour resections are planned to
be operated with iMRI resection control in order to safely in-
crease radicality in these patients as well.

In 2011, we initiated a prospective collection of our iMRI-
guided glioma resections in a volumetric database. Intended
extent of tumour resection, iMRI residual tumour volumes,
and postoperative tumour volumes are documented along
with other patient parameters. An illustrative case demonstrat-
ing our routine procedures and volumetric documentation is
shown in Figure 1 and some of our preliminary data, as men-
tioned above, is presented in Tables 1 and 2.

Implementing iMRI into routine glioma surgery certainly

causes challenges and will most likely affect the strategic ap-
proach to a tumour as well as the manner of surgery itself. As
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a consequence of routine iMRI use in glioma surgery one
might expect the frequency of post-iMRI resections to in-
crease over time, together with residual tumour volumes seen
in a first intraoperative scan. This would resemble a more de-
fensive surgical strategy in the first place. A preliminary
analysis of our data seems to confirm this hypothesis with
continued tumour resections performed after iMRI scans in
almost 2/ of all patients. It might also be interesting to follow
learning curves of young neurosurgeons over their time of
training since iMRI provides immediate feedback on the re-
section progress. By means of this prospective single-institu-
tion database of unselected glioma cases, we hope to be able
to address unanswered questions and confirm beneficial ef-
fects of iMRI surgery for glioma patients in the future. A
newly formed German iMRI study group will further pursue
this approach and try to derive a similar multi-centre database
in order to merge data and produce solid evidence fostering

the use and prevalence of iMRI in neurosurgery.
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