UNIVERSITYOF
BIRMINGHAM

iversit}/]ofBirmin am
esearch at Birmingham

Intraoperative Ultrasound-Guided Resection of
Gliomas: A Meta-Analysis and Review of the

Literature

Mahboob, Syed; Mcphillips, Rachael; Qiu, Zhen; Jiang, Yun; Meggs, Carl; Schiavone,
Giuseppe; Button, Tim; Desmulliez, Marc; Demore, Christine; Cochran, Sandy; Eljamel, Sam

DOI:
10.1016/j.wneu.2016.05.007

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Peer reviewed version

Citation for published version (Harvard):

Mahboob, S, Mcphillips, R, Qiu, Z, Jiang, Y, Meggs, C, Schiavone, G, Button, T, Desmulliez, M, Demore, C,
Cochran, S & Eljamel, S 2016, 'Intraoperative Ultrasound-Guided Resection of Gliomas: A Meta-Analysis and
Review of the Literature', World Neurosurgery, vol. 92, pp. 255-263. https://doi.org/10.1016/j.wneu.2016.05.007

Link to publication on Research at Birmingham portal

Publisher Rights Statement:
Checked 06/07/2016

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

*Users may freely distribute the URL that is used to identify this publication.

*Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

*User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
*Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy o ) o o ) ) ]
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 25. Apr. 2024


https://doi.org/10.1016/j.wneu.2016.05.007
https://doi.org/10.1016/j.wneu.2016.05.007
https://birmingham.elsevierpure.com/en/publications/3b300f0c-c0ec-48c3-99f4-a37716aa45ca

Accepted Manuscript

Intraoperative ultrasound (loUS) guided resection of Gliomas: A Meta-analysis and
review of the literature

Syed O. Mahboob, Rachael Mcphillips, Zhen Qiu, Yun Jiang, Carl Meggs, Giussepe
Schiavone, Tim Button, Marc Desmulliez, Christine E.M. Demore, Sandy Cochran,
Sam Eljamel

PII: S1878-8750(16)30268-6
DOI: 10.1016/j.wneu.2016.05.007
Reference: WNEU 4068

To appearin:  World Neurosurgery

Received Date: 30 January 2016
Revised Date: 2 May 2016
Accepted Date: 3 May 2016

Please cite this article as: Mahboob SO, Mcphillips R, Qiu Z, Jiang Y, Meggs C, Schiavone G, Button T,
Desmulliez M, Demore CEM, Cochran S, Eljamel S, Intraoperative ultrasound (loUS) guided resection
of Gliomas: A Meta-analysis and review of the literature, World Neurosurgery (2016), doi: 10.1016/
j-wneu.2016.05.007.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.wneu.2016.05.007

| ntr aoper ative ultrasound (IoUS) guided resection of Gliomas. A
Meta-analysis and review of theliterature.

Authors: Syed Mahboob?, Rachael McPhillips?, Zhen Qiu?, Yun Jiang?, Carl Meggs?,
Giussepe Schiavone3, Tim ButtonZ, Marc Desmulliez3, Christine Demore?, Sandy

Cochran?, Sam Eljamel®*
1The University of Dundee, Dundee, UK
2The University of Birmingham, Birmingham, UK
sHariot Watt University, Edinburgh, UK

Syed O. Mahboob: Division of Neuroscience, Univgref Dundee and Ninewells Hospital, Dundee. UK.
osama.mahboob@gmail.com

Rachael Mcphillips: Division of cancer researchjuénsity of Dundee, Dundee, UK.
r.mcphillips@dundee.ac.uk

Zhen Qiu: Institute of medical science and techggldniversity of Dundee, Dundee, UK. dr.z.qiu@derg

Yun Jiang: Applied functional materials Ltd, Unisgy of Birmingham, Birmingham, UK.
jlangyun127@gmail.com

Carl Meggs: Applied functional materials Ltd, Unisigy of Birmingham, Birmingham, UK.
c.meggs@bham.ac.uk

Giussepe Schiavone: Research institute in sigsatsors and systems. Heriot Watt University. Edigiou
UK. G.Schiavone@hw.ac.uk

Tim Button: Applied functional materials Ltd, Unigity of Birmingham, Birmingham, UK.
t.w.button@bham.ac.uk

Marc Desmulliez: Research institute in signalsssesiand systems. Heriot Watt University. EdinbukgK.
m.desmulliez@hw.ac.uk

Christine E M Demore: Division of cancer reseatdhiversity of Dundee, Dundee, UK. cdemore@ieee.org

Sandy Cochran: Division of imaging and technoldgdmgiversity of Dundee, Dundee, UK.
S.Cochran@dundee.ac.uk

Sam Eljamel: Department of Neurosurgery, Universftipundee and Ninewells Hospital, Dundee. UK.
professor.ms.eljamel@gmail.com

Corresponding Author: Prof Sam Eljamel
HTNM S, Neur osciences, Edinburgh, UK.

Email: professor.ms.eljamel@gmail.conPhone: +44 7452394857

Adress: C/O HTNMS, 20-22 Tor phichen St, Edinburgh EH3 8B

Prof Eljamel will handle all communications at all stages during after publication.



Abstract:

Introduction: Image guided surgery has become srahpractice during surgical resection, using peeafive
MRI. Intraoperative-ultrasound has attracted irggreecause of its perceived safety, portabilitg eeal-time
imaging. This is a meta-analysis of intraoperatilteasound in gliomas.

Methods: Critical literature review and meta-anasjausing MEDLINE/PubMed service. The list of refezes
in each article was double-checked for any missafigrences. We included all studies that repotteduse of
ultrasound to guide glioma-surgery. The meta-amalygere conducted according to statistical hetexige
between the studies using Open MetaAnalyst Softwatieere was no heterogeneity, fixed effects nokes
used for meta-analysis; otherwise, a random effextel was used. Statistical heterogeneity was esgloyy’
and inconsistency?) statistics; an’lvalue of 50 percent or more represented substéetierogeneity.

Results: Casting a wide-net search caught 19,10fest that might be relevant, of which 4,819 were
ultrasound in neurosurgery. 756 used ultrasourdanial surgery, of which 24 studies used intraapes
ultrasound to guide surgical resection and 74 tdeghiopsy. Fifteen studies fulfilled our stringemtlusion
criteria, giving a total of 739 patients. The estied average gross total resection rate was 77éthefmore,
the relationship between extent of surgical resacind study population was not linear. GTR wasenti@ely
under IoUS when the lesion was solitary, subcdrtarad no past history of surgery or radiotherdpy.S
image quality, sensitivity, and specificity, pos#i& negative predictive values deteriorated agisaft
resection proceeded.

Conclusion: loUS guided surgical resection of gliomas is a useful tool for guiding the resection and of value in improving
the extent of resection. loUS can be used in conjunction with other complementary technologies that can improve
anatomical orientation during surgery. Real-time imaging, improved image quality, small probe sizes, repeatability,
portability, and relatively low cost made loUS a realistic cost effective tool that complements any existing tools in any
neurosurgical operating environment.

Keywords. Glioma, Image guided surgery, neuronavigationmabperative ultrasound.
Introduction:

Gliomas are the commonest primary brain tumourstiaeid prognosis is dependent upon the grade ofrglf.
Maximum safe surgical resection, when possible be@n accepted as the primary therapy in most cases
the extent of surgical resection has been estaulials an independent prognostic factor. Followiogs total
resection (GTR) the 5 and 10 year survival ratesofw-grade gliomas (LGG) have improved to 97% 8télo
respectively. However, the prognosis of high-grade gliomas (HGugh have improved significantly in
recent years, remains bleak with a median surdgf/alerely 16 months To achieve maximum safe surgical
resection, image guided surgery (IGS) has beerogeglin the last three decades and advances in
neuroimaging, stereotaxy, and computer technologye permitted neurosurgeons to plan and execrgeal
approaches with greater accuracy and precision.

Several technologies have been developed to alsgeons to plan and execute maximum safe slrgica
resection of gliomas. In the forefront of theseéhteques the use of image guided surgery (IGS)adqterative
MRI (IoMRI), Intraoperative Ultrasound (loUS), aRtliorescence image guided surgery (FIGS). The bigge
drawback of IGS is its dependence on preoperat@etyired images to navigate during surgery. Bshift

that occurs when the dura is opened due to CSRalyej tissue removal, and gravity introduces Sicant
inaccuracies that render IGS useless intra-opetgtitFurthermore, without further imaging theraesway of
real-time feedback about the extent of surgicaeten. Hence, IoMRI, FIGS and loUS were introduced
loMRI restricts the environment of surgery becanfskerromagnetic interference, interruption of therkflow
each time an MRI is performed and its expensiveeapkFIGS, using 5-aminolevulinic acid (ALA) inddce
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fluorescence, is cost effective in HGG. Howevecaitnot be used in LGG surgery where it is mostiege
loUS was put forward as a complementary technotogywercome some of the aforementioned limitati@ns
IGS. Therefore, we reviewed the literature to msathe benefits and constraints of IoUS duringisatg
resection.

Materials and M ethods:

The medical literature was searched extensivelyinbéng with basic searches of the MEDLINE/PubMed
service of the US National Library of Medicine, ngithe MeSH (medical subject heading) terms “uttuasl,”
“image guidance,” “glioma,” “brain,” “high gradeigma,” “low grade glioma” “neurosurgery,” and “sny”

in various combinations. Furthermore, Web of Knalgle database, BIOSIS Previews, Cochrane libragy, an
Web of Science were searched.

Each article of interest was screened and itseater list was double checked to make sure thaglegant
article was missed. The Internet itself was sear¢beleads to articles appearing in journals ndexed in
these databases. We restricted the literatureweai¢he last 10 years (2005 to 2015) based on S&dttish
Intercollegiate Guidelines Network) review criteti&tudies with information about diagnosis, inteshd&tent
of resection and postoperative evaluation of exténésection by neuroimaging were considered. N¢kided
all studies that fulfilled the following inclusiasriteria: glioma surgical resection, loUS was uasd guidance
tool, study population was 10 patients or more, asgkssment of the extent of surgical resection was
confirmed by postoperative imaging. Studies thporeed mixed series of patients were included ag &s the
number of glioma patients in the series was temare and we included data for the glioma patientg. We
excluded studies that were not in English, dupigatblications or failed one or more of our inatuscriteria.
The remaining studies were assessed objectiveipstgalGN criteria.

The meta-analyses were conducted according tetstatiheterogeneity between the studies using Open
MetaAnalyst Software version 0.1 for Mac. If theras no heterogeneity, fixed effects model was @ised
meta-analysis; otherwise, a random effect modelwsasl. Statistical heterogeneity was exploreg?tand
inconsistency () statistics; an’lvalue of 50 percent or more represented substéetierogeneity.
Furthermore, GTR rate was analysed to determinsubeess of the surgery, and to ascertain théiiglyeof
the results and determine whether the number adratinvolved in each study was related to thea/&TR
rate, a correlation coefficient was calculated. &ierage GTR rate and correlation coefficient veadeulated
using Microsoft Excel 2010.

Results:

The initial wide-net search produced a total ofLlD9, publications dealing with surgical ultrasoukdy(re 1).
Restricting the search to neurosurgical applicati@iuced the number of publications to 4,819 studihe
main focus of 4,063 publications was on extraciaapglications and the remaining 756 focused oniata
applications, of which 98 were dedicated to loU&lgd glioma surgery. loUS was used to guide biopsi4
studies and to guide surgical resection in twenty-ktudies. These 24 publications were reviewdidalty
against our inclusion criteria. Only fifteen stusifelfilled our inclusion criteria. Table®1? details the reasons
of exclusions of nine studies and Tabt&% details summaries of the included fifteen studtiethis meta-
analysis.

Insert Figure 1 and Tables1 & 2 here
loUS and gross total resection (GTR):

The GTR was defined as the absence of any resahir@ncement on postoperative volumetric enhanced MR
performed within 72 hours of the surgical resectibime total number of patients included in thiseavwas

739 patients. The meta-analyses demonstrated iamaéstl average GTR rate of 77% (95% Cl was 67.1 to
86.9). The studies by their nature were very hegemeous fi= 92.598, p <0.001) (Figure 2). The correlation
coefficient between GTR rate and study populatias v0.2464, which indicated non-linear relationship
suggesting that GTR rate was not greatly improweshtreasing the number of operations. Postoper&iRR|
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in all included studies was used to assess thatatsurgical resection; the concordance rate éetwoUS
and postoperative MRI was 82%, the false positate of loUS was 9% and the false negative ratealss
9%.

Insert Figure 2 here

There were differences in the GTR rates of loUB®G and LGG; enough details of HGG was reportesixn
studies with an estimated average GTR rate of 71(9%86 Cl was 64-79.7). Heterogeneity in theseistud
was not statistically significant(E 49.778, p 0.052) (Figure 3A). The GTR rate w%8n resectable lesions;
single supratentorial in non-eloquent brain. THERGate in LGG was reported less frequently (trateelies);
the estimated average GTR rate in LGG was 78.1%(33%7.1-89.1). These studies were not heterogeneou
(1> = 0, p 0.380) (Figure 3B). Furthermore, in 59%ufcedures, 10US prompted surgeons to remove rsidu
tumour tissue from the resection cavity.

Insert Figures 3A & 3B here.
loUS and lesion-localization, sensitivity & specify:

Six studies reported the percentage of procedutesie loUS was successful in identifying the exacation
of the intradural lesion after craniotomy; the méagalization rate in these studies was 100%. Hamnamage
quality was considered poor in 8% of procedures Jdnsitivity of loUS was defined as the numbdimés
loUS identified residual tumour tissue and subsatjtesection and histopathology confirmed the gssas in
fact tumour. The sensitivity, specificity, positigeedictive value (PPV) and negative predictivaueaINPV) of
loUS were best before the start of surgical resad®5%, 95%, 98%, and 90% respectively). All fealues
deteriorated as surgery proceeded; a sensitivi8des, specificity of 42%, PPV of 73% and NPV of 67%
during surgery was reported and at the end of sytge corresponding values were 26%, 88%, 62% 6284
respectively.

Clinical outcome of patients, who underwent surgergler IoUS guidance:

Survival data was not reported in most of the gsidicluded in our analyses, and when reported othe
confounding factors played a significant role sashpatient selection, small sample size, lacloatrols, and
varied adjuvant therapies. One study reported agtmsurvival of LGG matched controls (loUS was not
used) as 96.7%, the 1-year survival was 73.3%2ayehr survival was 53.3%. In the study LGG-gromupere
loUS was used to navigate and guide surgical riesecurvival rates at 6 months, 1-year, and 2-s/gaare
98.0%, 96.1%, and 88.2%, respectively. In the sstmdy the control and study HGG-groups, survivedsat
6 months, 1-year, and 2-years were 83.3% versd8@313.3% versus 59.2%, and 13.3% versus 32.8%
respectively. There was no significant differentsurvival rates between study and control grotigsraonths
(p >0.05). However, the 1-year, and 2-years sutvatas of the study groups of LGG and HGG, whetéS
was used, were significantly better than the saivigtes of the controls (P < 0.05). Worseningralegical
status in patients, where IoUS was used, was regant11.3% (8% to 13%). The majority of patienerev
unchanged neurological postoperatively and 19% Wwetker off.

Type of IoUS used:

Most studies used 3D mode IoUS such as the Sono®/éohoWand, Mison, Trondheim, Norway), equipped
with a 5 MHz probe with tracking, which can be uge@D mode in conjunction with preoperative MRIskd
IGS systerti***>?23 Other systems used included high-frequency (MH&) ultrasound probes with a 180
Plus system (SonoSite, Inc, Bothell, WA)an SSD-alphal0 system (Aloka Co, ltd, Tokyo, djpBeimens
Omnia Sonoline and Capasee Il (Toshiba, Jdpa3i) loUS mode was used in 7 studies, and 2D modteei
rest. The estimated average GTR rate using 2D WwhakS84.3% compared to 70.9% using the 3D navigated
loUS, the difference was not statically signific§mi0.699).

Discussion:
Ultrasound imaging has been available for yeareree€ T and MRI. However, its use in cranial imagives
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hindered by the rigid bony structure of the skindittimpedes ultrasound waves. This limitation idamger an
issue after the craniotomy, and the main limitagidaring cranial surgery were ultrasound probe;sitech
was too big for the size of craniotomy and imagality) which was poor compared to CT or MRI images.
recent decades the quality of ultrasound imagingawved significantly with 3D acquisition and sopluated
computer technology, and the ultrasound probetsizame more user friendly in craniotorfiigs
Furthermore, the extent surgical resection in loadg gliomas (LGG) and high-grade gliomas (HGG)ehav
been shown to be an independent prognostic fast@rogress free survival (PFS) and overall suh(@sy "
37 Therefore, the aim of surgical treatment of glmnis to achieve safe maximum surgical resectioeneter
possible and preserve normal function and goodtguadllife. However, maximum safe surgical resenti
remains a challenge because gliomas are localpsimg and tumour cells infiltrate beyond the noragarent
tumour margins. Improvements in Ultrasound techgyland accumulating evidence in support of maximum
safe surgical resection of gliomas ignited newrggein loUS, to overcome the limitations of IGBUE was
used in conjunction with IGS to correct errorsaainced by brain shift. Brain shift varied from 2 nw25 mm
depending upon the location and size of I€$iohhe main advance in 1oUS technology was the d@neént
of small ultrasound probes for superficial lesi¢ns-10 MHz) and for deep lesions (3-5 MEz)An excellent
example of integration of IGS and IoUS technologgethe SonoWartd The SonoWartdsystem can be used
as an IGS system based on preoperative MRI imagk#oa 2D or 3D loUS imaging. Real-time 2D loUS
imaging can be performed as with a conventionahsttund scanner, but with the optional feature of
comparison with corresponding slices of preopeead® MRI imported into the SonoWahdystem. The
integration of ultrasound imaging and IGS-navigatiechnology enabled acquisition of 3D ultrasound
volumes, typically generated from 200 to 300 imslgees. The ultrasound image volumes can be readily
acquired when needed during surgery, and the datdisplayed with preoperative MRI data on the gation
monitor when using tracked tools such as a pomtaittrasound aspirator. 3D navigation may offesiea
anatomical orientation due to displays of imagesnrorthogonal (patient-related slices) or refotatht
according to the position of the tracked tool (tcelhted slices). The SonoWandomes with two flat-phased
arrays (FPA) ultrasound probes, one FPA 5 (4—7 Mdthz) a smaller FPA 10 (5—-10 MHz) probe. The newer
system (SonoWartdnvite) comes with a third larger FLA (5-14 MHzpp&™. A random effect model was
used in our study because of heterogenéity 80%, p<0.05)), and thestimated overall GTR rate was 77% using
loUS. The estimatedverage GTR rate of HGG was 71.9% compared to GfdRof 78.1% in LGG
(Heterogeneity was not significant in the HGG a3 data sets?k 50% , p >0.05). Image quality and the
operators’ learning curves played an important mlleUS GTR rates. One study reported loUS imagadity
was good enough to delineate the margins of HG&3% of cases and poor loUS image quality was more
likely in patients with previous surgery (p-=0.0@#)in patients who had previous radiotherapy (pe0)>".
Patient selection therefore played a significaté no the outcome of GTR in these studies, for gxanthe
GTR in patients, with single supratentorial enhagdesions that did not invade the basal ganglieogous
callosum and had a preoperative Karnofsky perfoonaacore of 70 or better, was 2.5 times better tihanof
the whole groufl. The predictors of GTR were explored in a muliizte analysis model and four significant
prognostic factors were found; aim of surgery wafk@p <0.001), single lesion (p=0.003), good or med
guality loUS images (p=0.026), and non-eloquenbtefocation (p=0.015). Other factors, which were
significant on univariate analysis that droppediouhe multivariate model, included small lesiariume,
Karnofsky performance of 70 or better, no priorio#tterapy, primary surgery, and no extension ihtolasal
ganglia or the corpus callosé Furthermore, the quality and resolution of loidfages decreased as the
surgical resection proceeded because of artefatcesliiced by surgical manipulatfénWith experience,
strategies have been developed to overcome theitgajbthese probleni& A much bigger problem with
loUS was getting familiar with anatomical orientetti Traditionally B-mode ultrasound displayed 2D
ultrasound images in a planar format dependenhemittrasound probe used with the view limitedhi® $ector
of sonication, which is often oblique rather tharah Anatomical disorientation was amplified bykeof
easily identifiable brain-landmarks within smalp@sures. However, real-time IoUS imaging duringysty,
3D loUS and precalibration and integration of lowigh IGS improved anatomical orientatfon 2’
Furthermore, specialised motorised IoUS probegawnistruction of 2D IoUS images acquired by tracked
probes produced good quality 3D images improvirgi@mnical orientation during surgéry™** Without good
quality intraoperative imaging surgeons often osstimated the extent of surgical resection. Insiody using
3D loUS feedback, surgeons esimtated the extesurgical resection correctly in 59%. The main reasof
over-estimates were poor intraoperative image tygali The sensitivity, specificity, positive prediativalue
(PPV) and negative predictive value (NPV) of loU&r&vbest before the start of surgical resectiofro(3E%,
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98%, and 90% respectively). All four values detexied as surgery proceeded; a sensitivity of 8§H#gificity

of 42%, PPV of 73% and NPV of 67% during surgerg weported and at the end of surgery these figuees
26%, 88%, 62%, and 62% respectiV&lyn our meta-analyses, the estimated the averdgerates of HGG
and LGG were 71.9% and 78.1% respectively, whictewemparable to the reported GTR rates using other
neuronavigation technologies. A retrospective stmypared IGS with standard surgical resection@GH
reported a GTR rate of 64% in the neuronavigatimug compared to 38% in the standard surgery §foup
On the other hand a randomised controlled studyrteg a GTR rate of 31% using IGS in glioblasto@8&I(1)
compared to 19% with standard surd&ryA multicentre randomised controlled study conmFIGS with
standard IGS in HGG reported 64% GTR rate in tli@S~§roup compared to 36% in the IGS group. A meta-
analysis of FIGS, using ALA- induced fluorescerineg65 GBM-resections reported a GTR rate of 75.4%
(95% ClI 67.4-83.5Y, which is comparable to the findings of this matelysis of loUS. loMRI using low field
and high field magnets have been in use for some, tihe results of IoMRI in gliomas varied consaiy;

GTR rates of 31% using 1.5T syst&n67% using 0.2T systéth and 71% using 0.15T syst&hwere reported.
These varied results were unlikely to be relatetthéostrength of the IoMRI but more likely due ttipnt
selection. One small study compared 2D navigatelbltmo low field IoMRI in 26 patients reported loMRBas
superior*. Another study compared high field loMRI and Bnarray 1oUS in 44 grade Il astrocytoma biopsies
to evaluate their accuracy and found imaging resfltinear-array 1oUS significantly correlatedrhigh field
lIoMRI images (Spearman's Rho p < 0.009), the sipéygibf both modalities was 67%, and the sendiioif
loMRI was higher than 10US (83% versus 79% respehf)®>. Another randomised study of GTR between
IGS and IoUS was used to compare GTR of 95% or mmo®8 HGG; the 1o0US sensitivity and specificitynee
higher than IGS alone, the sensitivity of loUS waperior in newly diagnosed HGG compared to reatirre
HGG, and there was no significant difference in@¥%R rates between loUS and [BSOne of the major
limitations of loUS was that it cannot assist ie #ize or location of the skull opening and hehcehbest used
in conjunction with other IGS technologies. Once thaniotomy was performed, loUS was very useful in
planning and executing the dural opening, the calrthcision, and identifying surrounding criticsttucture$’.
HGG Forty % of lesions were clearly identifiablethvclear margins on ultrasonography,

Furthermore, in 59% of cases where loUS imagingpesiformed to guide the extent of surgical resectio
loUS prompted more tumour resectidrHowever, not all gliomas are suitable for GTR,dgample in the
same study 21% of cases loUS demonstrated resifei@l and the surgeon decided to stop the resection
because of tumour- proximity or invasion of eloguigmin tissue.

The accepted GTR-definition is the absence of uadidnhancement in the resection cavity on postbiper
enhanced 3D MRI images obtained within 72 hoursuogery®. However, from clinical perspective a resection
of more than 98% of the enhancing lesion imparsbst survival outcome in HGGt is also accepted that
enhanced MRI scan and almost all imaging modalitesot delineate the full extent of HGG. For exérg
study compering MRI with ultrasound images in HG&nnstrated agreement between the two modalities in
only 40% of lesions with lesions in average 18.9%4ér in MRI image$. Furthermore, a comparison of FIGS
and MRI demonstrated that enhanced 3D MRI imagdsnastimated the size of HGG

Survival data of gliomas undergoing surgery usibgi8US navigation could not be attributed to thegszal
technique alone, as tumour grade, location, pretperperformance status, age, and the extentrgicsii
resection play a significant role. The 6-month swalvof LGG matched controls, where 1oUS was na&djs
was 96.7%, the 1-year survival was 73.3%; and tiiea2 survival was 53.3%. In the same study LGG4gro
where loUS was used to navigate and guide surggsaktion, survival rates at 6 months, 1-year,Zagdars
were 98.0%, 96.1%, and 88.2%, respectively. Irstmae study the control and study HGG-groups, sakviv
rates at 6 months, 1-year, and 2-years were 83r@83.4%, 43.3% and 59.2%, and 13.3% and 32.8%nWhe
comparing survival rates at 6-months, 1-year, agddts between the control and study groups, there no
significant difference at 6-months (P > 0.05), urtvivals at 1- and 2-years were significantlyeatignt (P <
0.05), with those undergoing surgery with 3D natédadoUS faired betté}. The overall neurological
functional outcome in patients undergoing GTR usoigS was reported as; 8%- 13% worse, 19% betigdr an
the rest were unchanged from preoperati/éfy the risk factors for bad outcomes were previaugery or
previous radiotherapy (8% in primary surgery ver22& in reoperation$) However, worsening neurological
function could not be attributed entirely to the us loUS as similar incidence of side effects weigorted

with standard surgery, IGS, or FIGS alone. Althqusgientists, economists, and healthcare policyarsak
would like to see prospective studies comparingSatith IoMRI, FIGS and IGS, these studies are dliffi to
undertake because these technologies are compkmémieach other and often used in combination.

Our meta-analysis is as good as the underlingetugdon which it was based, however, a key beoiefiteta-
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analyses is the aggregation of information leading higher statistical power and more robust pestimate
than is possible from the measure derived fromiadiyidual study on its own. The limitations oktlelected
studies included; some studies had small sampds svth less than 20 patients, short follow upk laic
controls and detailed outcome assessments, arethadjuvant therapies, 1oUS imaging lacked fullehea
display making anatomical orientation more trickjhwut the complement of IGS, the 3D loUS imagesewe
not in real-time, image quality may have deteriedadue to surgical-field movement, surgical marapah,
surgical-cavity collapse, and tissue trauma, attSlmterpretation by enlarge was operator dependent

Conclusion: loUS guided surgical resection of glaanis a useful tool for guiding the resection ahdatue in
improving the extent of resection. IoUS can be usambnjunction with other complementary technoésgihat
can improve anatomical orientation during surg®wsal-time imaging, improved image quality, smatpe
sizes, repeatability, portability, and relativebyM cost made IoUS a realistic cost effective thakt
complements any existing tools in any neurosurgiparating environment.
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Figure legends:

Figure 1: Flow chart of the literature search dd%in glioma surgery.
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Figure 2: Forest plot demonstrating meta-analysidehwith all fifteen studies included, with GTReaf
77% (95%CI 67.1%- 86.9%), Heterogeneity was sigaift (F >50, p <0.05).

Figure 3: Forest plot demonstrating meta-analysidet) A= in HGG, GTR 71.9% (95%CI 64%- 79.9%),

Heterogeneity was not significant €50, p >0.05), B= in LGG, GTR 78.1% (95%CI 67.189-1%),
Heterogeneity was not significant €50, p >0.05) .
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Table 1: Excluded Studies:

Author Year of Publication Reason for exclusion
Chacko AG et al 6 2003 Less than 10 gliomas
GulatiSetal? 2009 Incomplete data.
EnchavYetal® 2006 Incomplete data.
Steno Aetal® 2012 Less than 10 gliomas
Wang YQ et al 10 2012 Technical report.
Saether CA et al 11 2012 Incomplete data.
Erdogan N et al 12 2005 Incomplete data.

Two more studies were excluded because they were technical in nature.




Table 2: Studies that fulfilled the inclusion criteria:

Total GTR % Estimates Reported details of IoUS in each series

Reference Mean | Lower | Upper | Location HGG* LGG* | Sen% | Sp% | SuD%
Coburger J et al13 15 73.3 51 95.7
Moiyadi A et al 14 67 82.2 73.9 90.4 100% 47% 59
Liang SQ et al 15 80 86.2 79.4 92.9 100%
Peredo-Harvey et al 16 18 85.6 | 79.7 | 91.6
Serra Cetal 17 14 86.9 81.7 92
Wang ] et al 18 137 81.8 73 90.6 100% 67.2% | 70.6%
Moiyadi A et al 1? 41 82 71.6 89.5 100%
Rohde V et al 20 16 80.7 73.3 88.1 71 60
Solheim O et al 21 142 74.5 60.6 88.5 37%
Tian Y] et al 22 88 76.7 63.8 89.6 80.1 | 69.8
Rygh OM et al 23 19 76.9 64.8 89.1 95 95
Lindner D et al 24 23 77 65.6 88.5 100%
Zhao P et al 25 35 78.2 67.7 88.8 100%
Renner C et al 26 22 76.2 65.7 86.6 76.2%
Unsgard G et al 27 22 76.6 | 66.6 | 86.5

Overall results of model | 739 77 67.1 86.9 100 56.8 70.6 82 74.9 59

IoUS= Intraoperative ultrasound, HGG=high grade glioma, LGG=low grade glioma, * values are GTR %, Sen%=sensitivity %,
Sp%-=specificity %, SuD%=% of procedures where IoUS had changed the surgical decision or led to further resection.
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List of abbreviations:

ALA= 5-aminolevulinic acid.

AVM-= areteriovenous malformation.

CSF= cerebrospinal fluid.

FIGS= fluorescence imaged guided surgery.

GTR= gross total resection.

HGG= high grade gliomas.

IGS= image guided surgery.

[oUS = intropertaive ultrasound.

[oMRI= intraoperative magnetic resonance imaging.
LGG= low grade gliomas.

MRI= magnetic resonance imaging.

0S= overall survival.

PFS= progression free survival.

PpIX= protoporphyrin IX.

SIGN= Scottish Intercollegiate guidelines network.



Highlights:

Maximum safe surgical resection is the aim of glioma surgery.

The extent of surgical resection of gliomas affects the prognosis.
Image guided surgery including intraoperative MRI, fluorescence and
ultrasound are used to enhance the resection.

Intraoperative ultrasound is safe, reliable and offers high gross total
resection rate.



