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A B S T R A C T

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

To establish the overall effectiveness and safety of intraoperative imaging in resection of glial tumours.

B A C K G R O U N D

Description of the condition

Tumours of the central nervous system (CNS) constitute a large

group characterised by a wide range of genetic, histological, and

functional diversity (Loius 2016). Secondary brain tumours or

metastases are the most common, accounting for almost half of

all CNS tumours. Primary brain tumours typically occur as some

variation of a glioma, so called because they arise from the sup-

porting glial cell architecture; of these, glioblastoma is the most

frequent and most malignant histological subtype (Ohgaki 2009).

Brain tumours may present with headaches, neurological deficits,

or seizures, alone or in combination. Treatment choices include

surgery (usually biopsy or resection), radiotherapy, and chemo-

therapy. National guidelines recommend that management of a

CNS tumour should be discussed by a multi-disciplinary team

(MDT) and individually tailored to patient needs (NICE 2006).

Description of the intervention

Intraoperative magnetic resonance imaging (iMRI) involves cre-

ating a strong magnetic field, applying radiofrequency pulses, and

analysing effects of this on the tissue of interest. Details on the fine

anatomical structure of soft tissues provided by this technique have

revolutionised the field of neuroscience, but the equipment is ex-

pensive and bulky. Intraoperative MRI requires a specific portable

magnetic resonance imaging (MRI) scanner or a parallel station-

ary MRI scanner that is available for use in an adjacent diagnostic

room. Acquisition of iMRI is aimed at providing high-definition,

easily interpreted images for real-time assessment of tumour resec-

tion, allowing the possibility of immediate further resection during

1Intraoperative imaging technology to maximise extent of resection for glioma (Protocol)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

mailto:Michael.Jenkinson@liverpool.ac.uk


the same operative session (Black 1997; Seifert 2003). Uptake has

been limited by low field strength scanners, which are associated

with poor image quality, extended surgical time and substantial

capital costs.

Neuro-navigation refers to the computational process involved in

representing a spatial position via imaging data in real time. Preop-

erative imaging is used to localise a lesion, perform a tailored cran-

iotomy, and guide resection. Postoperative MRI is performed to

determine the extent of resection. A major limitation of this tech-

nique is the phenomenon of intraoperative brain shift, whereby

the preoperative anatomy is altered during tumour resection and

accuracy is reduced. Advantages include the potential to use func-

tional brain imaging studies to define eloquent or invaded tissues.

Ultrasonography (US), performed in two or three dimensions (2D

or 3D, respectively), enables visualisation of structures through

recorded reflections of echoes of ultrasonic wave pulses (frequency

> 20 megahertz) directed into the tissue of interest. Freehand

movement of a US probe allows determination of image volume

in 3D. Volumetric reconstruction allows neuro-navigation accu-

rate to within 1.4 mm. Updated 3D US volumes can be created at

any time during surgery. Sonowand (Sonowand AS, Trondheim,

Norway) is marketed as a high-quality 3D US system that offers

real-time repeatable volumetric reconstruction of residual tumour.

Advantages include relative affordability, easy repeatability, non-

invasiveness, lack of radiation, and the option for use in combi-

nation with other intraoperative technologies; the main disadvan-

tage is operator variability, because efficacy depends on skill and

experience (Unsgaard 2006).

Fluorescence-guided surgery uses 5-aminolevulinic acid (5-ALA,

or Gliolan (Medac, Wedel, Germany)) as a natural biochemical

precursor of haemoglobin that elicits synthesis and accumulation

of fluorescent porphyrins preferentially in mitotically active tissue

(Regula 1995). Porphyrin fluorescence can be visualised with the

use of a modified microscope and ultraviolet light with the aim

of identifying neoplastic tissue (Stummer 1998; Stummer 2000).

Limitations include lack of a clear boundary between neoplastic

and eloquent tissue, and variability in uptake of 5-ALA depending

on tumour characteristics. Distinct from iMRI and 3D US, both

of which involve little cost after the initial outlay, is the cost per

patient of each dose of 5-ALA, in addition to the requirement for

a specific compatible operating microscope.

How the intervention might work

The extent of surgical resection is believed to be a key prognos-

tic factor in neuro-oncology. For some tumours this is clearly

established, whilst for others the relationship is less clear (Hart

2011). Although high-quality evidence is lacking, estimated bene-

fits of gross total resection include that it may extend survival from

around 11 months to 14 months in glioblastoma, and from around

60 months to 90 months in low-grade glioma (Watts 2016). Lim-

itations to the extent of surgical resection include ability to reli-

ably identify residual tumour intraoperatively, availability of tech-

nology, and proximity of the tumour to eloquent tissue. Multiple

technologies have been developed to aid intraoperative detection

of residual tumour with the aim of extending resection. This infor-

mation can be used by the surgeon to optimise resection, thereby

potentially improving prognosis.

Why it is important to do this review

Experience with each different technology is often limited within

individual units. Often, technologies are seen as an evolution of es-

tablished techniques and are not subjected to the rigorous scrutiny

required for other new therapies; therefore, evidence is often lim-

ited to small single-institution case series. Direct comparisons be-

tween different intraoperative imaging technologies are necessary

to limit over-expenditure on redundant products.

Extending the extent of resection comes with the risk of encroach-

ing upon eloquent brain areas. Potential benefits of more extensive

tumour resection must be balanced against risks of new neurolog-

ical deficits and reduced quality of life (QoL). This demands an

objective assessment of risks and benefits for each technology.

This review aims to serve as a single comprehensive resource de-

scribing level of evidence and effectiveness for each technology.

O B J E C T I V E S

To establish the overall effectiveness and safety of intraoperative

imaging in resection of glial tumours.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs).

Types of participants

This review will include people with presumed new or recurrent

glial tumours (of any location or histology) from clinical exami-

nation and imaging (computed tomography (CT) and/or MRI).

Additional imaging modalities (e.g. positron emission tomogra-

phy, magnetic resonance spectroscopy) are not mandatory.
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Types of interventions

Any of the following interventions can be compared with each

other as well as within each intervention class (e.g. different forms

of fluorescence-guided surgery).

• Intraoperative MRI (iMRI): defined as using a portable or

fixed scanner (and moving scanner or patient, respectively) to

acquire image data while the patient remains under anaesthesia.

May be integrated with neuro-navigation (see below).

• Neuro-navigation or image guidance: defined as a system

that integrates preoperative or intraoperative image data and

creates a translation map between ’world space’ and ’image space’

to allow co-registration of imaging and patient anatomy,

allowing neuro-navigation. Currently, the main trade systems are

Brainlab (Codman Neuro, Raynham, Massachusetts, USA) and

StealthStation (Medtronic Inc., Louisville, Colorado, USA).

• Intraoperative US (2D or 3D): defined as a system that uses

freehand movement of a US probe over the region of interest and

subsequently generates a volumetric reconstruction allowing

intraoperative neuro-navigation. Currently, the main brand of

intraoperative 3D US is Sonowand.

• Fluorescence-guided surgery: defined as administration of a

contrast agent and intraoperative visualisation with the use of

ultraviolet light (usually a specific mode of an operating

microscope). Currently, the main agent used is 5-aminolevulinic

acid (5-ALA), marketed under the trade name of Gliolan.

Types of outcome measures

Primary outcomes

• Extent of resection: as shown on follow-up imaging.

Historically this has been broadly divided into complete

resection (CR), partial resection (PR), and biopsy. Updated

response criteria enable dichotomising this into measurable and

non-measurable disease for contrast-enhancing lesions (Wen

2010). Volumetric assessment is a better method of assessment in

terms of accuracy and objectivity but requires additional imaging

processing time and is not used routinely in many NHS

(National Health Service) centres. Intraoperative evaluation of

extent of resection by the operating surgeon is a biased and

unverifiable method and therefore is not acceptable (Hensen

2008). Percentage resection, residual, mean volumes, and

percentage of total/non-total resection will be used

• Adverse events: type (as defined by MedDRA (Medical

Dictionary for Regulatory Authorities) criteria) and timing

(MedDRA 2008). Examples include haematoma, wound

complications, infection (and site), cerebrospinal fluid (CSF)

leak, oedema, seizures, and general medical complications.

Additional procedures required for complications should be

noted. Both the total number of complications and the number

of complications per patient should be stated

Secondary outcomes

• Overall survival: length of time (in days, weeks, or months)

from randomisation to death (from any cause)

• Progression-free survival (PFS): use of open and thorough

criteria to define recurrence according to clinical symptoms,

imaging, and increase in steroid therapy (Wen 2010)

• Quality of life (QoL): use of a reliable and objective grading

measure such as the EORTC QLQC30/BN-20 (European

Organization for Research and Treatment of Cancer QoL

assessment specific to brain neoplasms) and FACT-BrS

(Functional Assessment of Cancer Therapy - brain subscale)

(Mauer 2008)

We will present a ’Summary of findings table’ to report the fol-

lowing outcomes, which are listed in order of priority (see Data

synthesis).

• Extent of resection.

• Adverse events.

• Overall survival.

• Progression-free survival (PFS).

• QoL.

Search methods for identification of studies

Non-English language journals will be eligible for inclusion.

Electronic searches

We will search the following databases.

• Cochrane Central Register of Controlled Trials

(CENTRAL; latest issue) in the Cochrane Library.

• MEDLINE (Ovid) (1946 to present).

• Embase (Ovid) (1980 to present).

We have presented RCT and Economic MEDLINE search strate-

gies in Appendix 1 and Appendix 2, respectively.

For databases other than MEDLINE, we will adapt the search

strategies accordingly.

Searching other resources

We will search the references of all identified studies for additional

trials.

Handsearching

We will undertake a handsearch of Journal of Neuro-Oncology and

Neuro-oncology from 1991 to 2017, to identify trials that may not

have been included in the electronic databases, including a search

of all conference abstracts published in these journals.
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Personal communication

We will contact neuro-oncology experts to obtain information on

current or pending RCTs.

Data collection and analysis

Selection of studies

We will identify studies in three stages. During title/abstract

screening (for both intervention and economic analyses), we will

use a machine learning classifier designed to distinguish RCTs

from non-RCTs and will apply this tool to de-duplicated elec-

tronic search results (Wallace 2017). This classifier will assign a

probability score to each retrieved citation (title-abstract record)

that reports an RCT. Two review authors (MGH and DGB) will

work independently to duplicate-screen citations with an assigned

probability score greater than or equal to 0.1; we will automati-

cally discard citations with a probability score less than 0.1.

Two review authors (MGH and DGB) will independently exam-

ine and screen remaining abstracts to see if they meet inclusion

or exclusion criteria. Next, we will obtain full texts of selected

reviews, which we will further examine and compare against the

inclusion and exclusion criteria. At all times, we will resolve dis-

agreements through discussion. If sufficient data are not available

for assessment, we will contact relevant trial authors.

Data extraction and management

For included studies, two review authors (MGH and DGB) will

independently abstract data using a prespecified form designed to

gather information required for characteristics of included studies

and validity tables (Juni 2001). We will resolve differences by dis-

cussion. Specific data extracted will include the following.

• Participant characteristics: age (mean and range), gender,

performance status based on Karnofsky performance score (KPS)

(Table 1) (Karnofsky 1948) or WHO score (Table 2) (WHO

1982), tumour location, contrast enhancement, and tumour

histology.

• Trial characteristics: inclusion and exclusion criteria,

randomisation methods and stratification, allocation

concealment (if applicable), blinding (of whom and when), and

statistics. Definitions identified will include extent of resection,

progression, and adverse events.

• Intervention. iMRI: field strength, timing, type of scanner

(separate suite or ’double-donut’), sequences performed, contrast

administration, and reporting methods. Neuro-navigation:

imaging sequences and timing, brand of equipment. 5-ALA:

dose and timing, timing of ultraviolet light used intraoperatively,

microscope used. Sonowand: brand, timing, operator experience.

Additionally, surgical decision making influenced by

intraoperative imaging should be stated.

• Outcome assessment: extent of resection (and measurement

methods), overall survival, PFS, QoL, and adverse events. We

will record additional quality control information on follow-up,

as well as presence of an intention-to-treat (ITT) cohort,

deviations from protocol, and post-recurrence management.

Assessment of risk of bias in included studies

We will critically appraise trials deemed relevant according to the

criteria reported in NHS CRD Report No. 4 (CRD 2008). We will

allocate trials according to risk of bias as described in the Cochrane

Handbook for Systematic Reviews of Interventions (Higgins 2011).

We will cover specific core risk of bias items including selection,

performance, detection, attrition, reporting, and other biases. Op-

erator blinding is not possible, but participant and outcome assess-

ment blinding will be desirable, although not mandatory. Two re-

view authors (MGH and DGB) will provide independent critical

appraisal. We will resolve disputes through discussion. See Table

3 and Table 4 for details of internal and external validity items

(Fowkes 1991).

Measures of treatment effect

• Time-to-event data (survival and PFS): We will abstract the

log hazard ratio (HR) and standard error (SE) of the log HR for

imputing to RevMan 5 (Review Manager 2014). We will state

the overall numbers of participants experiencing the event of

interest during the trial period. If the HR and its variance are not

presented (i.e. other survival data are presented, e.g. median

survival, ranges or percentages at stated time points), we will

attempt to abstract the data required to estimate these (Parmar

1998)

• Continuous outcomes (QoL and extent of resection): We

will abstract the final value and standard deviation (SD) of the

outcome of interest for each treatment arm at the end of follow-

up.

• Dichotomous outcomes (adverse events, mortality, and

extent of resection): We will abstract the number of participants

in each treatment arm who experienced the outcome of interest

to estimate a risk ratio (RR)

• Dichotomous and continuous data: We will abstract the

number of participants assessed at each endpoint

When possible, all data abstracted will be those relevant to an ITT

analysis. In the case of missing data required for review outcomes,

we will contact study authors to request the information. Both

review authors (MGH and DGB) will extract data and will enter

them into RevMan 5.
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Unit of analysis issues

We do not anticipate any unit of analysis issues.

Dealing with missing data

In the case of missing data required for review outcomes, we will

contact study authors as needed. We will not impute missing out-

come data.

Assessment of heterogeneity

We will assess heterogeneity between studies by visually inspecting

forest plots, by estimating the percentage of heterogeneity between

trials that could not be ascribed to sampling variation (Higgins

2011), and by performing a formal statistical test of the significance

of identified heterogeneity (Deeks 2001).

Assessment of reporting biases

We intend to construct funnel plots of treatment effect versus pre-

cision to investigate the likelihood of publication bias. If these plots

suggest that treatment effects may not be sampled from a symmet-

rical distribution, as assumed by the random-effects model, we will

perform additional meta-analyses using the fixed-effect model.

Data synthesis

Review authors (MGH and DGB) will enter data into RevMan

5 and will pool data if trial characteristics (methods, participants,

interventions, and outcomes) are similar.

• Time-to-event data: We will pool HR and variance using

the generic inverse variance function of RevMan 5.

• Continuous outcomes: We will pool mean differences

(MDs) between treatment arms at the end of follow-up using the

MD method if all trials have measured the outcome on the same

scale; we will use the standardised mean difference (SMD)

method otherwise.

• Dichotomous outcomes: We will calculate the RR for each

study and then will pool values for all studies.

We will use random-effects models for all meta-analyses (

DerSimonian 1986) but may perform additional fixed-effect anal-

yses if we find asymmetrical distribution (see Assessment of

reporting biases).

We will present the overall quality of evidence for each outcome

(see Types of outcome measures) according to the GRADE ap-

proach, which takes into account issues related not only to in-

ternal validity (risk of bias, inconsistency, imprecision, publica-

tion bias) but also to external validity (e.g. directness of results)

(Langendam 2013). We will create a ’Summary of findings’ table

(Appendix 2) based on the methods described in the Cochrane

Handbook for Systematic Reviews of Interventions (Higgins 2011)

and using GRADEpro GDT. We will use the GRADE check-

list and GRADE Working Group quality of evidence definitions

(Meader 2014). We will downgrade the evidence from ’high’ qual-

ity by one level for serious concerns (or by two levels for very se-

rious) for each limitation:

• High quality: We are very confident that the true effect lies

close to that of the estimate of the effect.

• Moderate quality: We are moderately confident in the effect

estimate: The true effect is likely to be close to the estimate of the

effect, but there is a possibility that it is substantially different.

• Low quality: Our confidence in the effect estimate is

limited: The true effect may be substantially different from the

estimate of the effect.

• Very low quality: We have very little confidence in the effect

estimate: The true effect is likely to be substantially different

from the estimate of effect.

Subgroup analysis and investigation of heterogeneity

Owing to differences in prognosis, we will perform subgroup anal-

yses according to tumour type, including:

• high-grade glioma (HGG);

• low-grade glioma (LGG); or

• primary versus recurrent disease in HGG and primary

disease versus disease progression in LGG.

Sensitivity analysis

We will perform a sensitivity analysis to investigate how trial qual-

ity affects robustness of findings. We will perform a subsequent

sensitivity analysis of trials that include objective blinded early

postoperative MRI and histology in their assessment of extent of

resection.

Brief economic commentary (BEC)

We will develop a brief economic commentary based on cur-

rent methods guidelines (Shemlit 2011; Shemlit 2017) to sum-

marise the availability and principal findings of trial-based and

model-based economic evaluations (cost analyses, cost-effective-

ness analyses, cost-utility analyses, and cost-benefit analyses) that

compare the use of different intraoperative imaging technologies

for patients with a presumed new or recurrent central nervous

system (CNS) tumour. We will identify relevant studies for this

brief economic commentary during searches conducted for the in-

tervention review and during supplementary searches performed

in accordance with search strategies developed by the Economic

Method Group (Shemlit 2017). This commentary will focus on

the extent to which principal findings of eligible economic evalua-

tions indicate that an intervention might be judged favourably (or

unfavourably) from an economic perspective, when implemented

in different settings.
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A D D I T I O N A L T A B L E S

Table 1. Karnofsky performance score

Score Definition

100 Normal, no complaints, no evidence of disease

90 Able to carry on normal activity: minor symptoms of disease

80 Normal activity with effort: some symptoms of disease

70 Cares for self: unable to carry on normal activity or active work

60 Requires occasional assistance but is able to care for needs
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Table 1. Karnofsky performance score (Continued)

50 Requires considerable assistance and frequent medical care

40 Disabled: requires special care and assistance

30 Severely disabled: hospitalisation is indicated, death is not imminent

20 Very sick, hospitalisation is necessary: active treatment is necessary

10 Moribund, fatal processes are progressing rapidly

0 Dead

Table 2. WHO performance score

Grade Definition

0 Fully active, able to carry on all pre-disease performance without restriction

1 Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature, e.g.

light house work, office work

2 Ambulatory and capable of all self-care, but unable to carry out any work activities. Up and about more than 50% of

waking hours

3 Capable of only limited self-care, confined to bed or chair more than 50% of waking hours

4 Completely disabled. Cannot carry out any self-care. Totally confined to bed or chair

5 Dead

Table 3. Internal validity

Study 1 Study 2

Power calculation

Randomisation methods

Stratification at randomisation

Allocation concealment

Inclusion/exclusion criteria stated

Group similarity at baseline
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Table 3. Internal validity (Continued)

Outcome assessment blinded

Investigators blinded

Participants blinded

Objective outcome criteria

ITT analysis

Protocol deviations

All participants accounted for

Withdrawals specified

Withdrawal reasons given

Intercentre consistency

Conflict of interest

ITT: intention-to-treat

Table 4. External validity

Study 1 Study 2

Age (mean and range)

Sex (male:female)

Performance score

Histology

Tumour locations

Tumour enhancement

Intervention

Definitions

Follow-up
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A P P E N D I C E S

Appendix 1. MEDLINE RCT search strategy

1. exp Central Nervous System Neoplasms/

2. ((central nervous system or CNS or brain* or cerebral* or intracerebral or intra-cerebral or intracranial or intra-cranial or spine or

spinal or astrocytic or oligodendroglial or ependymal) adj5 (cancer* or tumor* or tumour* or malignan* or neoplas* or carcinoma* or

metastat*)).mp.

3. exp neoplasms, neuroepithelial/

4. ((cranial or paraspinal or meninges or haematopoietic system or germ cell or germ-cell or sellar or glioneural or neuroectodermal or

embryonal or neuroepithelial or pineal or choroid plexus or teratoid or rhabdoid) adj5 (tumor* or tumour*)).mp.

5. exp Glioma/

6. (glioma* or glial* or astrocytoma* or xanthoastrocytoma* or glioblastoma* or gliosarcoma* or oligodendrogli* or oligoastrocyt* or

ependym* or subependym* or astroblastoma* or ganglioglioma* or gangliocytoma* or neurocytoma* or liponeurocytoma* or pineocy-

toma* or pineoblastoma* or medulloblastoma* or neuroblastoma* or ganglioneuroblastoma*or medulloepithelioma* or GBM*).mp.

7. 1 or 2 or 3 or 4 or 5 or 6

8. exp Magnetic Resonance Imaging/

9. (intra operative magnetic resonance imag* or intra-operative magnetic resonance imag* or intra operative MRI or intra-operative

MRI or iMRI or ioMRI or IOMRI or IoMRI or MRI or MRi or NMRI or NMRi or magnetic resonance imag* or tractography).mp.

10. exp Ultrasonography/

11. ((2D or 3D) adj5 (ultras* or US)).mp.

12. ((intra-operative or intraoperative) adj5 (ultras* or US or IOUS or imag* or navigat* or technolog* or modalit* or eval* or

monitor*)).mp.

13. (volumetric reconstruction or Sonowand or SonoWand).mp.

14. Neuronavigation/

15. Surgery, Computer-Assisted/

16. (navigat* or neuronavigat* or neuro-navigat* or image guid*).mp.

17. (Brainlab or Stealth).mp.

18. exp Monitoring, Intraoperative/

19. Fluorescence/

20. Aminolevulinic Acid/

21. (fluorescen* or immunofluorescen*).mp.

22. (aminolevulinic acid or 5-aminolevulinic acid).mp.

23. (ALA or 5-ALA or Gliolan).mp.

24. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23

25. 7 and 24

26. randomized controlled trial.pt.

27. controlled clinical trial.pt.

28. randomized.ab.

29. placebo.ab.

30. clinical trials as topic.sh.

31. randomly.ab.

32. trial.ti.

33. 26 or 27 or 28 or 29 or 30 or 31 or 32

34. (animals not (humans and animals)).sh.

35. 33 not 34

36. 25 and 35

Key

mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary

concept word, rare disease supplementary concept word, unique identifier

ab = abstract

sh = subject heading
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ti = title

pt = publication type

Appendix 2. MEDLINE economic search strategy

1. exp Central Nervous System Neoplasms/

2. ((central nervous system or CNS or brain* or cerebral* or intracerebral or intra-cerebral or intracranial or intra-cranial or spine or

spinal or astrocytic or oligodendroglial or ependymal) adj5 (cancer* or tumor* or tumour* or malignan* or neoplas* or carcinoma* or

metastat*)).mp.

3. exp neoplasms, neuroepithelial/

4. ((cranial or paraspinal or meninges or haematopoietic system or germ cell or germ-cell or sellar or glioneural or neuroectodermal or

embryonal or neuroepithelial or pineal or choroid plexus or teratoid or rhabdoid) adj5 (tumor* or tumour*)).mp.

5. exp Glioma/

6. (glioma* or glial* or astrocytoma* or xanthoastrocytoma* or glioblastoma* or gliosarcoma* or oligodendrogli* or oligoastrocyt* or

ependym* or subependym* or astroblastoma* or ganglioglioma* or gangliocytoma* or neurocytoma* or liponeurocytoma* or pineocy-

toma* or pineoblastoma* or medulloblastoma* or neuroblastoma* or ganglioneuroblastoma*or medulloepithelioma* or GBM*).mp.

7. 1 or 2 or 3 or 4 or 5 or 6

8. exp Magnetic Resonance Imaging/

9. (intra operative magnetic resonance imag* or intra-operative magnetic resonance imag* or intra operative MRI or intra-operative

MRI or iMRI or ioMRI or IOMRI or IoMRI or MRI or MRi or NMRI or NMRi or magnetic resonance imag* or tractography).mp.

10. exp Ultrasonography/

11. ((2D or 3D) adj5 (ultras* or US)).mp.

12. ((intra-operative or intraoperative) adj5 (ultras* or US or IOUS or imag* or navigat* or technolog* or modalit* or eval* or

monitor*)).mp.

13. (volumetric reconstruction or Sonowand or SonoWand).mp.

14. Neuronavigation/

15. Surgery, Computer-Assisted/

16. (navigat* or neuronavigat* or neuro-navigat* or image guid*).mp.

17. (Brainlab or Stealth).mp.

18. exp Monitoring, Intraoperative/

19. Fluorescence/

20. Aminolevulinic Acid/

21. (fluorescen* or immunofluorescen*).mp.

22. (aminolevulinic acid or 5-aminolevulinic acid).mp.

23. (ALA or 5-ALA or Gliolan).mp.

24. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23

25. 7 and 24

26. economics/

27. exp “costs and cost analysis”/

28. economics, dental/

29. exp “economics, hospital”/

30. economics, medical/

31. economics, nursing/

32. economics, pharmaceutical/

33. (economic$ or cost or costs or costly or costing or price or prices or pricing or pharmacoeconomic$).ti,ab.

34. (expenditure$ not energy).ti,ab.

35. (value adj1 money).ti,ab.

36. budget$.ti,ab.

37. 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36

38. ((energy or oxygen) adj cost).ti,ab.

39. (metabolic adj cost).ti,ab.

40. ((energy or oxygen) adj expenditure).ti,ab.
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41. 38 or 39 or 40

42. 37 not 41

43. letter.pt.

44. editorial.pt.

45. historical article.pt.

46. 43 or 44 or 45

47. 42 not 46

48. Animals/

49. Humans/

50. 48 not (48 and 49)

51. 47 not 50

52. 25 and 51

Key

mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary

concept word, rare disease supplementary concept word, unique identifier

ab = abstract

sh = subject heading

ti = title

pt = publication type

Appendix 3. Draft ’Summary of findings’ table

Example ’Summary of findings’ table

Title:

Patient or population: people with presumed new or recurrent glial tumours (of any location or histology) from clinical examination

and imaging (CT and/or MRI)

Settings: hospital setting

Intervention: intraoperative imaging

Comparison: surgery not using any image guidance or surgery using a different form of image guidance

Outcomes Illustrative comparative risks* Relative effect

(95% CI)

No. of partici-

pants

(studies)

Quality of evi-

dence

(GRADE)

Comment

Assumed risk Corresponding

risk

1 Extent of resec-

tion

2 Adverse events

3 Overal survival

4 Progres-

sion-free survival

(PFS)
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(Continued)

5 Quality of life

(QoL)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk

(and its 95% confidence interval) is based on the

assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; HR: hazard ratio; MD: mean difference; OR: odds ratio; RR: risk ratio

GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change

the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to

change the estimate.

Very low quality: We are very uncertain about the estimate.
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