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ABSTRACT
Background: Gliomas are the most frequent and have the shortest survival of all brain tumors.

With advancement in technology, neurosurgeons across the world are adopting the idea of
intraoperative MRI (iMRI). Only intraoperatively acquired images can provide neurosurgeons
with the information needed to perform real-time, image-guided surgery. However, its overall
value is still limited due to very high installation cost. Additionally, surgery with iMRI has
been reported to be more time consuming. It is unclear whether iMRI results in improved
surgical outcomes including level of resection and longer survival time relative to conventional
neuro-navigated resection.

Objective: To examine if use of intraoperative MRI was associated with greater extent of

resection and better prognosis of glioma patients as compared to conventional techniques by
conducting a systematic review and meta-analysis.

Methods: A detailed search was carried out on Embase, PubMed and Cochrane Library

databases through November 29th, 2018 for studies which evaluated the utility of iMRI and
conventional neuro-navigation systems in patients undergoing glioma surgery. Comprehensive
Meta-analysis v3 software was used to analyse the results.

Results: Comparing iMRI to conventional neuro-navigation, the pooled difference in means

of extent of resection was found to be 8.86, 95% CI (5.44, 12.29), 12 = 64.67% and P value
for heterogeneity <0.0 I. The pooled odds ratio for Gross Total Resection was computed to be
2.31, 95% CI (1.44, 3.72), 12 = 43.33% and P value for heterogeneity - 0.10. Subgroup
analysis was carried out to observe effect modification for covariates field of strength ad
grade ofglioma. For field strength-the pooled difference in means ofEOR was 8.91, 95%
vi

CI (7.33, I0,49), 12 = 68.6% and P value - 0.007 when patients were exposed to iMRI having
high strength. P value for interaction - 0.29. On subgrouping for grade of glioma, the pooled
EOR was 8.91, 95% CI (-3 .13, 20. 97), 12 = 41.56% and P value - 0.19 when patients were in
the both grade group, 10.39%, 95% CI (5.76, 15.02), 12 = 54.64% and P value - 0.13 when
patients were in the high grade glioma group and 8.71 %, 95% CI (-1.50, 18.93) 12 = 69.14%
and P value - 0.03 when patients were in the low grade glioma group. P for interaction 0.94. When GTR was sub-grouped for high field strength, the odds ratio was 2.64, 95% Cl
(1 .40, 4.97), 12 = 51.84% and P value - 0.05. The P for interaction between the high and low
field strength group was 0. 72. On sub-analysing for grade of glioma, the pooled odds ratio
was 2.29, 95% CI (0.71, 7.31), 12 = 68.06% and P value - 0.02 when patients were in the both
grade group, 2.43, 95% CI (1.53,3.86), 12 = 0.00% and P value - 0.70 when patients were in
the high grade glioma group and 4.87, 95% Cl (1.85, 12.43) 12 = 0.00% and P value for
heterogeneity - 0.66 when patients were in the low grade glioma group. The P for interaction
was 0.42. On meta-regressing for field strength, a positive slope was achieved reflecting a
positive association of Gross Total Resection and extent of resection with field strength. The
pooled difference in means for Progression free survival was 3.31 months, 95% Cl (0.24,
6.38), 12 - 98.37%, P for heterogeneity - 0.00. Pooled estimate for Hospital stay was -0.64,
95% CI (-1.96, 0.66), 12 - 0.00%, P for heterogeneity - 0.42. For overall survival, the pooled
mean difference was 3.22 days, 95% CI (0.28, 6.15), 12 - 73.16%, P for heterogeneity 0.002. Similarly, when analyzed for length of surgery-the mean difference for pooled
estimate was 1.46 hours, 95% Cl (-0.27, 3.20), 12 - 96.88%, P for heterogeneity - 0.00 in
case of cohorts and 0.36 hours, 95% CJ (-0.19, 0.92), 12 - 0.00%, P for heterogeneity - 0.94
in RCTs with P for interaction - 0.2. The pooled difference in means for Progression free
survival was 3.31 months, 95% CI (0.24, 6.38), 12 - 98.37%, P for heterogeneity - 0.00.
Pooled estimate for Hospital stay was -0.64 days, 95% Cl (-1.96, 0.66), 12 - 0.00%, P for
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heterogeneity- 0.42. For overall survival, the pooled mean difference was 3.22 months, 95%
Cl (0.28, 6. I 5), 12 - 73.16%, P for heterogeneity- 0.002. Similarly, when analyzed for length
of surgery- the mean difference for pooled estimate was 1.46 hours, 95% CI (-0.27, 3.20), 12
- 96.88%, P for heterogeneity- 0.00 in case of cohorts and 0.36 hours, 95% CI (-0. I 9, 0.92),
12 - 0.00%, P for heterogeneity- 0.94 in RCTs with P for interaction - 0.24.

Conclusion: iMRI looked more promising in comparison to conventional neuro-navigation.

However, we need more studies to corroborate our results.
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CHAPTER I: INTRODUCTION

Over 11 million individuals are diagnosed with cancer annually 1• Cancer is a heterogeneous
disease, which provides a broad field for investigation, while simultaneously reducing the
chances for a universal treatment. 2 Malignant gliomas are the most common type of primary
brain tumors, with an annual incidence of 5/100,000 individuals. Malignant gliomas are the
most common type of primary brain tumors. 3,4 The heterogeneity of gl iomas regarding
clinical presentation, pathology and response to treatment makes this type of tumor a
challenging area of research. 2 Currently, the classification established by the World Health
Organization (WHO) is used, which divides gliomas into astrocytomas, oligodendrogliomas,
ependymomas and oligo-astrocytomas (mixed gliomas). 3 According to the grade of
malignancy, oligodendrogliomas and oligoastrocytomas are grade II and grade III.
Astrocytomas are subdivided as follows: pilocytic, grade I; diffuse, grade II; anaplastic, grade
Ill; and glioblastoma multiforme (GBM), grade IV 5·6 . Glioblastomas account for 60-70% of
all gliomas, anaplastic astrocytomas for 10-15%, anaplastic oligodendrogliomas and
anaplastic oligoastrocytomas for I 0% and the remaining 5-20% belong to less common
tumor types, such as anaplastic ependymomas and anaplastic gangliogliomas4 •

Treatment of newly diagnosed glioma requires a multidisciplinary approach. Current standard
therapy includes maximal safe surgical resection, followed by concurrent radiation with
temozolomide (Temodar®), an oral alkylating chemotherapy agent, and then adjuvant
chemotherapy with temozolomide

7

•

Extensive and complete surgical resection of glioma is

difficult because these tumors are frequently invasive and are often in eloquent areas of the
brain, including areas that control speech, motor function, and the senses. Because of the high

degree of invasiveness, radical resection of the primary tumor mass is not curative, and
infiltrating tumor cells invariably remain within the surrounding brain, leading to later
disease progression or recurrence 8 • Multiple studies have demonstrated the importance of
aggressive surgical resection when possible, with trends toward better outcomes in those
patients with a greater extent of resection 9· 10 • A critical aspect of such surgical resections is
neuro-navigation or brain mapping. This approach includes conventional techniques like functional magnetic resonance imaging (fMRI) and diffuser tensor imaging in pre-planning
and ultra sound, computed tomography (CT), MRI and direct (sub)cortical stimulation
surgery and intraoperative techniques like fluorescence- and lntraoperative MRI- guided
surgery. 11

In this thesis, we started with a literature review on the epidemiology and surgical
management of glioma (Chapter II). A brief description of glioma as well as its various types,
treatment options, need for the most efficient treatment option were reviewed.

Chapter III revolves around the meta-analysis conducted for patients who underwent glioma
resection surgery using the conventional vs the intraoperative neuro-navigation techniques.
This meta-analysis collected information such as - as patient age, field strength of iMRI used,
grade of glioma. The primary goal of this study was to determine whether extent of resection
and gross total resection, which in turn affects the survival of the patients is dependent on
brain navigation technique used during an attempt of maximal tumor removal.
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CHAPTER II: LITERATURE REVIEW

2.1 Glioma

Gliomas are the most common primary malignant brain tumors in adults. They can occur
anywhere in the central nervous system but primarily occur in the brain and arise in the glial
tissue 12• While these tumors are typically malignant, some types do not consistently behave in
a malignant fashion. Gliomas are either astrocytic, oligodendrocytic, or a mix of these 2 cell
types and are typically categorized according to the International Classification of DiseasesOncology, version 3 (ICD-O-3) and World Health Organization (WHO) grade. Gliomas can

be WHO grades I-IV based on malignant behavior. The most commonly occurring histologic
types of gliomas in adults include astrocytoma (grades I-IV), oligodendroglioma (grades 11lll), and oligoastrocytoma (grades Il-III) 3· 13 •

2.2 Epidemiology

Incidence rates of glioma vary significantly by histologic type, age at diagnosis, gender, race,
and country. The lack of consistent definition of glioma and various glioma histologic types
as well as differences in data collection techniques may cause difficulty in comparing
incidence rates from different sources. Overall age-adjusted incidence rates (adjusted to the
national population of each respective study) for all gliomas range from 4.67 to 5. 73 per I 00
000 persons 14• 15 • Age-adjusted incidence of glioblastoma (WHO grade IV), the most common

and most deadly glioma subtype in adults, ranges from 0.59 to 3.69 per I00 000 persons 12 •15•
19

•

More than 40% of patients are over 65 years of age, and the median survival shortens with
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increasing age. The prognosis of GBM is among the worst of all human cancers. Even in the
modern era, the population-based median survival is only approximately IO months 20.

2.3 Risk factors

Efforts to identify specific associations of this disease with environmental and occupational
exposure have largely been inconclusive and underpowered. Ionizing radiation is one of the
few known risk factors to definitely show an increased risk of glioma development21 •
Radiation-induced GBM is typically seen years after therapeutic radiation indicated for
another tumor or condition 22 • Other environmental exposures to vinyl chloride, pesticides,
smoking, petroleum refining, and synthetic rubber manufacturing have been loosely
associated with the development of gliomas. Electromagnetic fields, formaldehyde, and
nonionizing radiation from cell phones have not been proven to lead to GBM 23 • An increased
risk of glioma development is seen in some specific genetic diseases, such as
neurofibromatosis 1 and 2, tuberous sclerosis, Li-Fraumeni syndrome, retinoblastoma, and
Turcot syndrome; however, less than 1% of patients with a glioma have a known hereditary
disease 21 •

2.4

linical signs and symptoms

Although the symptoms and signs produced by malignant gliomas will vary with the location
of the tumor, a unifying characteristic of the clinical presentation is relentless progression.
For tumors that are located in or subjacent to cortical regions with specific functions, the
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symptoms and signs will relate to the functions of the brain regions affected. Patients may
present with progressive motor or sensory disturbances, language dysfunction, visual field
abnormalities, or focal seizures. Tumors arising in the brain stem may cause rapidly
progressing cranial neuropathies as well as motor and sensory deficits. Neurologic deficits
with less localizing features may include headache, confusion, memory loss, and personality
changes.
As the size of tumor increases, the edema surrounding the tumor increases, resulting in
increased intracranial pressure and subsequent headaches. The headaches associated with
increased intracranial pressure are typically worse when the patient is recumbent. When
intracranial pressure rises to a critical threshold, changes in blood pressure due to
dysfunctional autonomic reflexes may produce a syndrome of position-evoked crescendo
headache, visual obscurations, light headedness, and exacerbation of focal symptoms. This
cluster of symptoms is associated with intracranial pressure waves and is usually associated
with papilledema. 24

2.5 Diagnosis

Most of the time, CT is the first imaging modality for evaluating symptoms of gliomas.
Contrast-enhanced CT scans can delineate disruptions in the blood brain barrier, but CT
sensitivity is much lower than that of MRI. The attenuation difference can offer limited
information on tumor biology. For instance, slightly increased tissue density during tumor
monitoring may indicate increase in tissue cellularity, or tumor growth. On the other hand,
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decreased attenuation in the treated region indicates low tumor cellularity or edema.
However, the exact delineation of tumor borders or the extent of treatment-related changes is
not feasible using this modality. The clinical gold standard for brain tumor imaging, MRI,
utilizes Tl- and T2-weighted sequences, fluid-attenuated inversion recovery sequences, and
contrast-enhanced TI-weighted imaging for tumor monitoring. Glioblastoma is classically
hypointense to isointense, with a ring-pattern of enhancement on gadolinium-enhanced Tlweighted images, and is hyperintense on both T2-weighted and FLAIR (fluid-attenuated
inversion recovery) images25 ,26

•

2.6 Treatment

Treatment of glioma includes resection surgery, chemotherapy, concurrent radiation and
adjuvant chemo-radiation. Multiple studies have demonstrated the importance of aggressive
surgical resection when possible, with trends toward better outcomes in those patients with a
greater extent of resection

9 10
• •

Statistically significant associations between greater extent of

resection and longer progression-free survival (PFS) and overall survival (OS) have been
seen in several studies27 -30 • Improvements in surgical and preoperative mapping techniques
have made it possible to achieve more extensive resection while preserving function and
quality of life29 •

6

2.7 Conventional neuro- na igation technique

The aim of conventional image-guided neurosurgery is to accurately project computed
tomography (CT) or magnetic resonance imaging (MRI) data into the operative field for
defining anatomical landmarks, pathological structures and tumor margins. To achieve this
goal, different image-guided and computer-assisted, so-called "neuro-navigation" systems
have been developed to provide precise spatial information to neurosurgeons 31 • The main
clinical utilities in modern neurosurgery are: localization of small intracranial lesions, skullbase surgery, intra cerebral biopsies, intracranial endoscopy, functional neurosurgery and
spinal navigation 32 • Localization of small intracranial tumors is currently the most frequent
application of navigated technology in neurosurgery for adults and children 33 ,34 •

2.8 Intra-operative MRI

Intraoperative MRI (iMRI) was introduced in 1990 to the field of neurosurgery. Since then, it
has greatly developed and the number of users and clinical applications have increased.
The original reasons to develop iMRJ were the following:
I. Brain shift-corrected navigation: The navigational systems used in operating rooms
rely on preoperative images that do not reflect changes in brain anatomy due to
deformations and shifts during surgery. This situation has caused inaccurate targeting
and major limitations for neuronavigation. Today, by updating information on the
brain using a 3D image database, navigation is made more accurate throughout the
entire surgical procedure.
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2. Monitoring/controlling thermal ablations: The original idea of MRI-guided interstitial
laser brain surgery leveraged the temperature sensitivity of MRI to allow for
temperature monitoring during the procedure. Today, radio-frequency and focused
ultrasound thermal ablations can similarly be controlled through MRI.
3. Identifying residual tumor: MRI allows the clinician to verify completeness of tumor
removal at the end of surgery and, if needed, to perform an additional tumor resection.
The original vision for iMRI focused on correcting for brain shift and monitoring
temperature, while today most users apply to perform iMRI for the third reason:
tumor control3 5 •

2.9 Extent of re ection

Extent of resection is amount of glioma resected. rt can be calculated as pre-operative tumor
- post-operative tumor/ pre-operative tumor x I00. The resection has to be critically
scrutinized. Excessive amount of resection can hamper the viable neural tissue, which can be
extremely harmful and will affect the patient's survival. Neurosurgeons have to be
specifically careful when dealing with tumors that are in the eloquent regions like motor,
vision, speech, sensation etc.
Patients with Low Grade Glioma (LOG), who have achieved at least 90% EOR by volumetric
analysis, Overall Survival (OS) increased as compared to <90% EOR. Five and 8-year OS
was increased by 21 % and 31 %, respectively, when greater than 90% EOR was achieved.
Also, after adjusting for other factors, such as age, Karnofsky Performance Score (KPS),
tumor subtype, and location, EOR was a statistically significant predictor of OS 36 .

8

In case of patients with High Grade Glioma (HOG), results show that a resection of98% or
more of a patient's tumor yielded a significant increase in survival. A resection greater than
98% was an independent prognostic variable associated with longer survival in all groups
through multivariate analysis. Median survival was 13 months, as compared to 8.8 months in
those who did not achieve a 98% EOR 27 •
Gross-total resection is defined as resection without visual residual enhancing tumor. Gross
tumor resection (GTR) has been reported to be one of the most important factors affecting the
prognosis and survival rate of glioma patients. However, increasing GTR remains a serious
challenge to neurosurgeons as it is difficult to distinguish the tumor boundary from normal
brain parenchyma due to the infiltrating nature of gliomas 30 ,37-39 _

To our knowledge, there has only been one meta-analysis study which took place as of
September 20 I 540 .

But the study had a few shortcomings like I. It did not include Embase in the search strategy.
2. The study did not stratify their results according to the field strength and stage
of tumor which are important factors to be considered.

9

CHAPTER III: A SYSTEMATIC REVIEW AND META-ANALYSIS

3.1 Introduction:

G liomas are the most frequent and have the shortest survival of all brain tumors 11 • The
incidence of glioblastoma is about three cases per I 00,000 person-years and the population
medium-based survival is only approximately IO months 20 ,41 • Gliomas are divided into low
grade and high grade depending on their appearance and aggressive behaviour by WHO. The
higher a tumor's grade number, the more severe it is. Prognosis, decisions about further
therapy, and adequate response to therapy in patients with glial tumors all depend on the
correct determination of the quantity of residual tumor after surgical resection. It is
recommended that MRI should be done in the first 3 days after surgery, and preferably,
within the first 24 h, before non-neoplastic contrast enhancement due to surgical
manipulation becoming radiologically apparent42 •

With advancement in technology, neurosurgeons across the world are adopting the idea of
intraoperative MRI . Only intraoperatively acquired images can provide neurosurgeons with
the information needed to perform real-time, image-guided surgery. Uncertainty is reduced
significantly when the surgeon places an instrument at the edge of what is believed to be the
resection cavity, and a small nodule of tumor is immediately identified by intraoperative
imaging. Avoidance and preservation of eloquent cortex such as motor, speech, and visual
areas depend on precise identification of these regions during the procedure. The boundary
between tumor and viable neural tissue is often difficult to see with the naked eye, so iMRI
eliminates a surgeon's uncertainty in determining tumor boundary. This leads to surgeons
achieving maximal lesion resection while minimizing neurological deficits. Maximal lesion
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resection is a principal goal in tumor resection because abundant evidence indicates that a
more complete resection directly impacts the survival time of patients with low- and highgrade gliomas 27 •28•43 -50 .

However, its overall value is still limited due to very high installation cost. Additionally,
surgery with iMRI has been reported to be more time consuming 51 • It is unclear whether
iMRI results in improved surgical outcomes including level of resection and longer survival
time relative to conventional neuro-navigated resection 11 • To our knowledge, there has only
been one meta-analysis study which took place as of September 20 I 5. The objective of this
meta-analysis was to assess the impact of iMRI guidance compared with resection using
conventional neuro-navigation in patients (of all ages) with glioblastoma/glioma on the
outcomes related to tumor resection, patient survival, time of surgical procedure, length of
post-operative stay.

3.2 Methods:
3.2.1

tut.Iv selection:

The search results from all three databases - Cochrane, Em base and PubMed were imported
into Covidence and duplicates were removed. The data were then exported into Microsoft
Excel for screening. Five authors (RK, HL, JD, RP, YN) worked individually to review the
fitness of the articles acknowledging the inclusion/exclusion criteria. Each individual member
evaluated one- sixth of the search which was double checked by another member of the group
(RM). Disagreements were resolved by an external investigator (AB). Level I screening was
done to evaluate articles through examination of titles and abstracts. From here, the articles
will go on to Level 2 where full text were reviewed. Studies rejected at this point were
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justified for rejection in accordance with the PRISMA Guidelines and were documented
carefully.

3.2.2

Data extraction:

Studies from the Level 2 screening were exported to Excel and data extraction was conducted
for the variables: author, title, publication year, country of origin, journal name, database,
population, intervention, control, outcomes, study design. This was cross checked by RM. In
case of disagreements, a discussion was held among all the investigators. AB was involved if
decisions conflicted. Newcastle Ottawa scale52 was used to assess quality of cohort studies,
while Risk of Bias tool 53 was used to assess quality of RCTs.

3.2.3

Data analy is:

Data was analyzed using Comprehensive Meta-analysis Software v3. We pooled the results
among the studies using the more conservative random-effects models that incorporates both
within and between study variation (by the method of DerSimonian and Laird) which we
compared with the fixed-effects model using the inverse variance method. Forest plots were
used to visualize the individual and summary estimates of the studies.

3.2.4

Heterogeneity asse sment:

Heterogeneity amongst various studies was performed by the investigators to obtain the
Cochrane Q statistic ang 12 statistic. The former was reported for x, 2 test for heterogeneity
with p-value of <0. I resulting in presence of heterogeneity. The latter was reported to reflect
the percentage of variation due to heterogeneity rather than chance alone for point estimate
with 95% confidence interval depending on size and power of individual studies.
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3.2.5

Publication bias:

Potential publication bias was checked through Egger's and Begg's test54 and visually
represented using with funnel plots.

3.3 Results:

A total of 862 articles were imported from the three databases. After removing duplicates,
Level I and 2 screening, 18 articles were extracted. However, only 17 articles were analyzed
- the study by Lu et. al 55 was eliminated due to inconsistent results. The flow diagram of the
selection process is as follows:
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862 references imported
for screening

295 duplicates removed

567 studies screened

276~

I 291 full-text studies

I

assessed for eligibility

[ 18 studies included

I

1 study
excluded
Inconsistent
results
17 studies included

ie~ irrelevant

]

l

-

]

274 Studies excluded
113 Case series
58 Conference abstract
26 Wrong outcomes
12 Wrong intervention
8 Case report
6 Wrong study design
4 Duplicates
3 Commentary
2 No glioma patients
2 Letter
2 Non English
2 Tumor not indicated
and little data included
2 Wrong comparator
1 Editorial
1 Wrong setting
1 No control
1 Technical support

Figure 1. Flow diagram of selection process
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There were 15 cohort studies and 2 RCTs. The study characteristics of these articles are listed
in Table I. The population sample size ranged from 14 to 200. The average age of patients in
the selected studies were 47.3 years. The overall average percentage of males in all the
studies were 55.75% ranging between 12.04% and 78.57%. The follow-up length ranged
from 6 months to 8 years. The field strength of the iMRI used was categorized as high or low
strength, I .ST or higher being high strength and below I .ST being low strength. The studies
targeted patients with all grades (1,11,III,IV) of glioma. It was categorized as high (Grade III
or IV), low (Grade I or II) or both. Out of the two RCTs, one was rated as high quality while
the other while the other was rated low due to presence of detection and attrition bias per the
Cochrane Risk of Bias assessment tool. The 15 cohort studies were rated using Newcastle
Ottawa scale. Scores for these studies ranged between 4 and 8, indicating that intermediate to
good quality articles were included in our study.

15
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Follow
Total (mean
Glioma Study
Field
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sample in
lqualin
vears' males) lene:th 1stren2th
Country Study desie:n size
Author
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Retrospective
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7
129
57.08 52.713/c 7 years I.ST
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Both
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Chen L,
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180
China
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2013 10
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Bai S,
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2015 59
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Zhang J,
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2015 60
China
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UK
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Luc,
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China
201755
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3.5
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Incekara
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Cohort
57
F,2015 64 USA
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Retrospective
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Both
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Table I. Study characteristics
The primary outcome was grouped into Extent of Resection and Gross Total Resection. The
pooled difference in means of EOR was found to be 8.86, 95% CI (5.44, 12.29), 12 = 64.67%
and P value - 0.009 (Figure 2). Analysing by subgroup, we explored following results for
field strength of iMRI (Figure 3) and grade of glioma (Figure 4). For field strength - the
pooled difference in means of EOR was 8.91, 95% CI (7.33, I 0.49), 12 = 68.6% and P value 0.007 when patients were exposed to iMRI having high strength and pooled estimate of
20.50, 95% CI(-1.51, 42.51 ), 12 = 0% and P value - 1.0. The P value for interaction was
insignificant at 0.29. On subgrouping for grade of glioma, the pooled EOR was 8.91, 95% CI
(-3.13, 20.97), 12 = 41.56% and P value - 0.19 when patients were in the both grade group,
I 0.39, 95% CI (5.76, 15.02), 12 = 54.64% and P value - 0.13 when patients were in the high
grade glioma group and 8.71, 95% CI (-1.50, 18.93) 12 = 69.14% and P value - 0.03 when
patients were in the low grade glioma group. The P for interaction was insignificant at 0.94.

There appeared to be no publication bias as P value (Begg's) was 0.76 and P value (Egger's)
was 0.53, which was insignificant. (Figure 5)

The pooled odds ratio for GTR was computed to be 2.31, 95% CI ( 1.44, 3. 72), 12 = 43.33%
and P value - 0.10 for the cohorts and I 0.82, 95% CI (1.23, 94.92), 12 = 0% and P value - 1.0
for RCTs (Figure 7). The P for interaction between cohort and RCT groups was 0.17. When
the cohorts were sub-grouped for high field strength (Figure 8), the odds ratio was 2.64, 95%
CI (I .40, 4.97), 12 = 51.84% and P value - 0.05 for high strength and 2.26, 95% CI (1.24,
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4.12), 12 = 0%, P value - 1.0 low strength category. The P for interaction between the high
and low field strength group was 0.72. On sub-analysing the cohorts for grade of glioma
(Figure 9), the pooled odds ratio was 2.29, 95% CI (0. 71, 7.31 ), 12 = 68.06% and P value 0.02 when patients were in the both grade group, 2.43, 95% CI ( 1.53,3.86), 12 = 0.00% and P
value - 0.70 when patients were in the high grade glioma group and 4.87, 95% Cl
(1.85, 12.43) 12 = 0.00% and P value for heterogeneity - 0.66 when patients were in the low
grade glioma group. The P for interaction was insignificant at 0.42. The sub-group analyses
were carried out on only cohorts and not on RCTs due to insufficient number of studies in the
latter category.

No publication bias was observed due to insignificant P value (Begg's) - 0.8 and P value
(Egger's) - 0.2 (Figure 10).

Meta regression was carried out on the above outcomes on observational studies and the
following results were observed The results depicted that both extent of resection and gross total resection had positive
association with field strength of iMRI meaning increase in field strength is associated with
increase in resection.

•, tent of

1.30

-7.32, 9.93

0.76

4.91

-7.48, 17.31

0.43

r section
Gross total
resection

Table 2: Meta regression - Field strength of iMRI
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The pooled difference in means for Progression free survival was 3.31 months, 95% CI (0.24,
6.38), 12 - 98.37%, P for heterogeneity- 0.00 (Figure 12). Pooled estimate for Hospital stay

was -0.64, 95% CI (-1.96, 0.66), 12 - 0.00%, P for heterogeneity - 0.42 (Figure 13). For
overall survival, the pooled mean difference was 3.22 days, 95% CI (0.28, 6.15), 12 - 73.16%,
P for heterogeneity - 0.002 (Figure 14). On stratifying according to the grade of glioma
stating: pooled difference in means of 3.61 months, 95% CI (-0.53, 7. 76), 12 = 36.19% and P
value - 0.09 when patient belonged to the high grade glioma group and 2.17 months, 95% CI
(-0.87, 5.23), 12 = 47.23% and P value 0.27. P for interaction was 0.11 (Figure 15). Similarly,

when analysed for length of surgery - the mean difference for pooled estimate was I .46
hours, 95% CI (-0.27, 3.20), 12 - 96.88%, P for heterogeneity - 0.00 in case of cohorts and
0.36 hours, 95% CI (-0.19, 0.92), 12 - 0.00%, P for heterogeneity - 0,94 in RCTs with P for

interaction - 0.24 (Figure 16).

Study name

Familiari P, 2018
Chen L, 2017
BaiS, 2015
Zhang J, 2015
Tsugu A, 2011
Roder C, 2013
lncekara F, 2015

Statistics for each study

Difference
In means

Lower
limit

Upper
limit

7.780
12.000
4.980
5.650
20.500
40.000
16.000

4.636
9.524

10.924
14.476

-0.553
2.455

10.513

8.869

Difference In
means and 95% Cl

8.845
-1.518 42.518
1.012 78.988
2.546 29.454
5.442 12.295

---•
-80,00 -40.00 0.00 40,00 80.00
F•vour~ Control

Favours iMRI

19

Figure 2: Forest plot of extent of resection representing difference in means comparing iMRI
and control
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Figure 6: Funnel plot for visual representation of publication bias for extent of resection
comparing iMRI and control depicting observed and imputed studies
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3.4 Discussion:

A number of technologies, such as iMRI, have been developed to facilitate optimal resection
by helping to guide the surgeon during resection of gliomas. This study addressed the added
value of iMRI compared with conventional neuro-navigation guided resection in patients
with gliomas with respect to extent of tumor resection, gross total resection, patient survival,
length of stay in hospital and surgical time. We found out that higher extent of resection was
associated with iMRI group than that of the control group and was statistically significant.
However, when sub-grouped for field strength of iMRI and grade of glioma, the results were
not significantly different. Similarly, iMRI was associated with higher odds of GTR than
control group. This was statistically significant. We obtained insignificant results when
stratified across field strength and grade of glioma. In both the cases, the subgroup high grade
glioma specifically reflected significant results. Many times, physicians use conventional
neuro-navigation for debulking and then incorporate iMRJ to maximize tumor resection,
which might be the reason for it. On meta regressing for field strength, we obtained a positive
slope indicating increase in EoR and GTR with increase in field strength. However, this was
statistically insignificant. Significant results were obtained for Progression Free Survival
(PFS), Overall Survival (OS) but insignificant for length of surgery and hospital stay. Thus,
higher PFS and OS were associated with iMRI. When OS was stratified for grade of glioma,
no significant difference was observed between high and low grade.

The previously published meta-analysis by Li et. al 40 was not a very comprehensive study.
They did not include Em base in their search and thus must have missed a major chunk of
articles. The study pooled their results across study designs. This could have potentially
affected the heterogeneity. The study did not perform stratification for field of strength and
grade of glioma, which are important factors and may affect the overall results.
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We performed sensitivity analysis to check if any of the articles influenced our results. The
study by Schatlo et al 65 was one such study. This article combined iMRI and 5-ALA in the
intervention group. On removal, the pooled odds ratio was found out to be 1. 98, 95% CI
( 1.13, 3 .46), 12 - 0.00%, P for heterogeneity - 0. 73, P for interaction - 0.89. This reflected the

study did not influence the results. Two other such studies were by Avula et al 63 and Ren et
al 62 - they had very large confidence intervals. On executing sensitivity analysis we found
out that the pooled odds ratio was 2.64, 95% CI (1.88, 3.71), 12- 0.00% and P for
heterogeneity - 0. 71. The P for interaction across study designs was 0.2 indicating no
significant difference. Additionally, there was not much difference between the odds ratio
after sensitivity analysis, which reflected that the two studies did not influence the results
despite wide confidence intervals. The study by Lu et al 55 was the one that was eliminated
after data analysis due to inconsistent results. When this study was added in the analysis and
meta regressed for field strength, a negative slope was observed. Results reflected a slope of 6.19, 95% CI (-10.68,- I. 73 ), P value - 0.006.

3.5 Limitations:

A major limitation to this study was the type of studies. Fifteen out of the seventeen studies
were cohort studies, they did not account for confounding and were more of descriptive case
series. The two remaining RCTs could not contribute a lot to the results due to a very small
sample size. Restriction to only English articles was another limitation as there could be
articles available written in other languages which could be included in future meta-analyses.
We did not stratify our data according to the eloquent location of the glioma, which could
have impacted results. We did acknowledge the quality of life of patients after utilizing either
iMRI or conventional neuro-navigation technique. It would be interesting to find out if use of

28

these techniques influences the quality of I ife. A further study can be structured to analyse the
quality using questionnaires or scoring scales. Lastly, we did consider the cost effectiveness
of each arm .

3.6 Conclusion:

iMRI does look like a better and more efficient technology as compared to the conventional
neuro-navigation techniques. However we need more, good quality studies to corroborate our
results.
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APPENDIX- SEARCH STRATEGY:
PubMed:

Glioma:
("Glioma"[Mesh] OR Glioma*[tw] OR glial cell tumor*[tw] OR glial cell tumour[tw] OR
astrocytoma*[tw] OR glioblastoma*[tw] OR ependymoma*[tw] OR ganglioglioma*[tw] OR
gliosarcoma*[tw] OR medulloblastoma*[tw] OR oligodendroglioma*[tw] OR optic nerve
glioma[tw] OR astroglioma*[tw] OR Mixed Oligoastrocytoma*[tw] OR Mixed
Oligodendroglioma-Astrocytoma*[tw] OR Mixed Oligodendroglioma Astrocytoma*[tw] OR
subependymoma*[tw] OR Subependymal Glioses[tw] OR Medullomyoblastoma*[tw] OR
Circumscribed Arachnoidal Cerebellar Sarcoma*[tw] OR Mixed OligodendrogliomaEpendymoma*[tw] OR Mixed Oligodendroglioma Ependymoma*[tw] OR
Oligodendroblastoma*[tw])

iMRI:

Intraoperative magnetic resonance imaging[tw] OR intra-operative magnetic resonance
imaging[tw] OR lntraoperative MRI[tw] OR intra-operative MRl[tw] OR iMRl[tw]

Total hits: 286 - as of 11 /29/18

Embase:

Glioma:
exp glioma/ or (Glioma* OR ganglioglioma* OR glia tumo?r* OR glial tumo?r* OR
astrocytoma* OR ependymoma* OR gliosarcoma* OR oligodendroglioma* OR
glioblastoma* OR pleomorphic xanthoastrocytoma* OR astroglioma OR oligoastrocytoma
OR ependymoblastoma* OR subependymoma* OR ependymal tumo?r* OR subependymal
neoplasm* OR subependymal tumo?r* OR oligodendrocytoma* OR oligodendrocytosis OR
olegodendrocytoma* OR olegodendroglioma*).tw.
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iMRI:
(Intraoperative magnetic resonance imaging or iMRI or intraoperative MRI or intra-operative
magnetic resonance imaging or intra-operative MRI).tw.
Total hits: 473 - as of 11/29/18

Cochrane:

Glioma:
'Glioma' or ((glioma* or glial cell tumor* or astrocytorna* or mixed oligoastrocytorna* or
astrogliorna or glioblastoma* or ependymoma* or subependyrnorna* or subependymal glios*
or ganglioglioma* or gliosarcoma* or medulloblastoma* or medullomyobloastoma* or
oligodendroglioma* or mixed oligodendroglioma-ependymomas or oligodendrob1astoma* or
mixed oligodendroglioma-astrocytoma) in Title, Abstract, Keywords)
iMRI:
((intraoperative MRI or intra-operative MRI or iMRI or intraoperative magnetic resonance
imaging) in Title, Abstract, Keywords)
Total hits: 8- as of 11/29/18
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