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Abstract [ Objectives | The paper was to comprehensively assess the available evidence on the diagnostic value of high-field intraoperative
MRI (iMRI) for residual tumor in high-grade glioma (HGG) and its prognostic impact on HGG. [ Methods] We conducted a systematic liter-
ature search of electronic databases including PubMed, Embase and Cochrane Library to identify eligible studies. Study quality was assessed
using the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2). The primary outcome was the gross total resection rate, with
secondary outcomes including overall survival and 6-month progression-free survival. [ Results] From a review of 132 candidate articles, we
identified six articles with a total of 573 patients. The pooled risk ratio (RR) was 1.583 (95% CI. 1.235 -2.029) , indicating that high-field
intraoperative MRI guided resection was associated with a reduced risk of 6-month progression-free survival, with a HR of 0.53 (95% CI.
0.348 —0.806). The pooled HR of overall survival was 0.796 (95% CI; 0.581 —1.089) between the two groups. [ Conclusions ] High-field
iMRI appears to enable achievement of an ideal resection, although no strong evidence indicates that its application is associated with patient
survival. Our study innovatively considered the effect of magnetic field intensity on tumor resection, and we found that 3 Tesla did not show a

more favorable impact on improving the tumor resection rate compared with 1.5 Tesla.
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1 Introduction
Glioma is one of the most commonly diagnosed and treated primary
tumors of the brain. It is typically classified into high and low
grades based on the type of glial cell involved in the tumor, and
originates in the brain parenchyma. This type of tumor is responsi-
ble for approximately 18 000 new cases and 13 000 deaths in the
United States each year''’. The diagnosis and treatment of glioma
can be challenging due to the complex nature of the disease. Ac-
curate diagnosis typically involves imaging studies, such as mag-
netic resonance imaging (MRI) and computed tomography (CT) ,
as well as biopsy for pathological analysis. Treatment options can
range from observation and monitoring of low-grade tumors, to sur-
gical resection, radiation therapy, chemotherapy or a combination
of these therapies for higher grade tumors. The prognosis for glio-
ma patients is highly variable, and depends on factors such as
tumor grade, location, age, and overall health status. Despite ad-
vances in diagnostic and treatment modalities, glioma remains a
challenging disease to manage and further research is needed to
improve patient outcomes and quality of life. The 5-year survival
rate of glioma improves significantly once resected thorough-
1y "), Therefore, it is crucial to completely identify any residual
tumor tissue during surgery to improve prognosis and prevent po-
tential neurological disorders. The main reasons for using imaging
technology to assist in resection of gliomas are intraoperative resec-
tion evaluation and control of brain metastases.

High-field iMRI, first applied to knee scanning for better im-
aging, was performed using a scanner =1.5 Tesla””'. It was ini-

tially used in neurosurgery in 2000, for seeking safe and necessa-
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rily radical resection™.

To date, most MRI therapy suites have
been designed for low-field MRI ( <0.5T) scanners, the most ad-
vantage of which is greater patient access during surgical proce-
dures. However, low-field MRI system is associated with de-
creased resection, extending scan times, increased image distor-
tion, diminished signal-to-noise rations, and limited or absent
functionality'”’. The main goal of resection is to achieve surgical
radicality, and the primary goal of any intraoperative imaging
technology is to detect tumor location, control residual volume,
and prevent postoperative functional impairment. The overall ob-
jective of this study was to externally revalidate the diagnostic and
prognostic performances of intraoperative MR imaging techniques
for achieving total resection and to analyze the impacts of different
imaging fields on patients with high-grade glioma, thereby provi-

ding insights for future studies.

2 Materials and methods

2.1 Search strategy and selection criteria The systematic re-
view was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta — Analysis ( PRISMA ) guide-
lines'®. We conducted a comprehensive literature search online
using the following keywords and their various combinations; "in-
traoperative magnetic resonance imaging" , " intraoperative ultra-
sound" , "glioma" , " glioblastoma" , " predict" , " gross total re-
section" , and "survival". The search was performed in PubMed,
Cochrane Library and Embase, with the final search executed on
August 12, 2019.

2.2 Inclusion and exclusion criteria In order to be eligible
for analysis, the following criteria had to be met; (i) cohort stud-
ies of more than 10 patients; (ii) adult patients (age =18 years

old) diagnosed with high-grade glioma and undergoing surgery;
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(iil) comparison of high-field iMRI with classic neuronavigation-
guided surgery as intraoperative techniques for tumor resection;
and (iv) primary endpoint of gross total resection rate, defined as
more than 95% absence of any residual enhancement on postoper-
ative volumetric-enhanced MRI performed within 48 —72 h of sur-
gical resection. The gross total resection rate could be explicitly
compared between the two groups or calculated from the data pres-
ented in the articles. Studies were excluded if they (i) only re-
ferred to animal studies, low-grade glioma, or other types of neu-
rogenic tumors such as medulloblastoma, ganglioglioma, optic
nerve glioma, gliosarcoma, or biopsy; or (ii) did not provide rel-
evant information on the data items mentioned above.

2.3 Assessment of risk of bias and quality of evidence The
quality of the included studies was scored independently by two
authors according to the criteria of the Revised Tool for the Quality
Assessment of Diagnostic Accuracy Studies-2 ( QUADAS-2)™.
All included studies underwent an evaluation of bias and applica-

bility using 10 signaling questions and three correlative questions,

' " "

respectively, and were answered as "yes", "no", or "unclear"
as recommended. Risk of bias and concerns about applicability
were then analyzed and graded as low risk, high risk, or unclear
risk. Data were extracted from each study, including author infor-
mation, country, assay methods, demographic data, and survival
data. For the primary outcome, a 2 X2 contingency table was con-
structed to evaluate the gross total resection rate in high-grade gli-
oma between the iMRI guided group and the classic neuronaviga-
tion guided group for each individual study.

2.4 Data extraction and statistical analysis Data were com-
pleted in Excel 2019, then transferred to STATA12M ( Stata,
College Station, TX, USA) for statistical analysis. Images data
were processed by GetData Graph Digitizer 2. 25" The gross to-
tal resection rate compared between high-field iMRI guided group

and no iMRI guided group (control) was estimated by the overall

3 Results and analysis

3.1 Basic information about the included studies A total of
132 publications were initially identified from PubMed, Cochrane
library and Embase, 42 of which were excluded for duplication.
For the remaining 90 articles, 59 were excluded for reviews
(n=3), case reports and case series (n =2), letters and com-
munications (n=1) or other publication types that did not focus
on HGG (n=53). A total of 31 articles were included for full-text
reading, 25 of which were lack of clinical data (n =10) and non-
standard comparison (n =15). In the end, only 6 studies fulfilled

5-81 Fig. 1 shows the study selection process.

our inclusion criteria

The eligible studies were conducted in 4 countries ( Germany,
Belgium, Ttaly and China) and articles were published from 2011
to 2018. All of the 6 studies were retrospective studies. The num-
ber of patients included in each study ranged from 60 to 129, and
mean age ranged from 57 to 62 years old. The demographic char-

acteristics of the 6 eligible studies are summarized in Table 1.

Records identified through
database searching
(=132)

»| 42 Records excluded
Y (duplicates)

Records screened
(=90)

59 Articles excluded

- (did not meet eligibility

Y criteria)

Full text articles

assessed for eligi-
bility (=31)

25 Records excluded

| (10 lack of clinical data;
Y 15 nonstandard comparison)
Studies included in
qualitative synthesis

| [Erigibility | [ Screening | [identification]

pooled RR. To extrapolate the results to the population, random- (1=6)
effect model was used. Statistical heterogeneity was explored with = Y
X and inconsistency statistics; an I value of 50% or more repre- = . -
. oo . L . S Studies included in
sented substantial heterogeneity’ “. Potential publication bias was k! quantitative
evaluated by the funnel plot. We assessed funnel plot asymmetry synthesis
. s . s . — (meta-analysis) (=6)
by using Egger’s regression test and Begg’s adjusted rank correla-
tion test. Significant publication bias was defined as P <0. 1. Fig. 1 Flowchart of the selection process
Table 1 Demographic characteristics of the included studies
No. of patients Mean age Inclusion ti
Study 0. o patierts Country can age Sex (M : F) e Tesla
cases years old Start End
Familiari et al. %) 129 Ttaly 57 68 : 61 March 2009 January 2017 1.5T
Marongiu et al. ['*] 114 Ttaly 62 61 :53 January 2009 January 2013 1.5T
Chen et al. '3 73 China 48 46 : 27 July 2010 July 2014 1.5T
Roder ef al. ') 60 Germany 57 28 132 June 2010 November 2012 1.5T
Napolitano et al. "] 94 Belgium 60 55:39 March 2006 November 2011 3.0T
Mehdorn et al. ['®] 103 Germany NA NA September 2005 May 2009 1.5T

3.2 Risk of bias and quality of evidence

and potential sources of bias of individual study were assessed

The applicability

using the second edition of the Quality Assessment of Diagnostic

Accuracy Studies (QUADAS 2) tool. No study fulfilled all of the
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methodological criteria. Only one study had a low risk of bias,
while the others were considered to have a high risk or unclear risk

(Fig.2).

Patint selection NG T I

Index test T I :—
Reference standard I
Flow and tining [

0 25 50 75
Risk of bias Il %
CUnclear

100 0 25 50 75100
Applicability concerns Il %
ELow ‘
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Fig.2 Risk of bias summary
Overall, 573

patients were included in this study, 336 of which were treated
with high-field iMRI guided resection and 237 did not receive high-
field iMRT guided resection ( control ). The GTR rate in iMRI
guided group ranged from 31.3% to 88.5%

3.3 Primary outcome: gross total resection

and that in control
group ranged from 4.5% to 52% . The pooled gross total resection
rate was 37.8% (95% CI; 19.5% -56.0% , z=4.05, P =
0.000) in control group compared with 64.7% (95% CI. 47.9% -
81.5% ,z=7.55, P=0.000) in high-field iMRI guided group.
The total RR was 1.583 (95% CI. 1.235-2.209, 2=3.63, P<
0.000 1) (Fig.3). There was middle latent heterogeneity in 6
studies (I =48.5% , P =0.084). The Begg’s test suggested there

was no significant publication bias.

Study %

1D RR(95% CD)  Weight

Familiari, 2018 - 1.56(1.12,2.16)  22.53

Marongiu, 2017 - 199(L37,2.8) 20.15

Ehzﬂ» 2%14 e 6.900.97,4.80) 1.54
. :

N;’pzl’“m - m L2031 1373

Mehdorn, 2011 T— 1.22(0. 85, 1. 75 20.88

Overall (I-squared=48. 5%, = 1.21(0.85,1.7) 21,17

P=0. 084) Q 1.58(L.24,2.09 100. 00

Note: Weights are from random

effects analysis

0. 020 5 1 48.9

Fig.3 The forest plots representing the meta-analysis of gross total
resection between high-field iVMIRI guided group and control
group

4 Discussion and conclusions

4.1 Discussion Our meta-analysis demonstrated a high pooled
risk ratio of high-field iMR imaging for identifying tumor tissues
from normal brain tissues. Subgroup analysis revealed that studies
using a 3.0 Tesla device did not have a higher resection rate than
those using a 1.5 Tesla device. However, while survival analysis
did not show a significant association between iIMRI employment
and overall survival of HGG patients, the 95% confidence interval
of the hazard ratio approached but did not exceed 1. Analysis of
progression-free survival showed a favorable impact of high-field

iMRI. These results indicate that the application of high-field iM-
RI, a type of functional neuronavigation, can significantly improve
the total resection rate of HGG. With regard to the prognostic role
of high-field iMRI, limited statistical power makes it difficult to
draw a definitive conclusion.

Similar meta-analyses have confirmed the value of iMRI in
discovering residual tumor in patients with glioma. Eljamel
et al."" identified 12 eligible studies and found iMRI significantly
improved GTR and PFS of HGG. However, their analysis, along
with large heterogeneity (I* =97.33% ), did not explore the sub-
stantial impacts of high-field iMRI on HGG resection, nor did they
compare the imparity of GTR exposed under different fields sepa-
rately. Michael et al. ™' published a Cochrane systematic review
including 4 trials. Findings in this review showed high-field iMRI
might be of benefit in maximizing extent of resection in participants
with high grade glioma. But due to low-quality evidence, the con-
clusions were uncertain. To our knowledge, this is the first com-
prehensive review to date on the magnetic field intensity following
tumor resections in combination with survival analysis. The search
strategy involved multiple databases and captured most of the rele-
vant published data. We believe this is a robust review to provide
estimates on diagnostic values intraoperatively and prognostic value
in patients with HGG.

In recent studies, the mortality of glioma is due primarily to

[21-23]

late detection and uncomplete resection: . The extent of surgi-

cal resection has been shown to be an mdependent prognostic fac-
Therefore ,

the aim of surgical treatment of HGG is to achieve safe maximum

tor for progression-free survival and overall survival.

surgical resection whenever possible and to preserve normal func-
tion and good quality of life. While increasing EOR, it is impor-
tant to monitor neurological deficits in cases of eloquently located
tumors. Neurosurgeons pointed out what matters most for patients’
quality of life and survival, were new permanent neurological defi-
cits (nPNDs)'™*! | which could be caused by increased extent of
resection. Nevertheless, Yordanova et al. '’ supported the idea
that an acceptable deficit, with only a few consequences on daily
life, might be the price to pay to live longer. Our analysis could
not identify whether iMRI employment showed lower rates of new
neurological deficits than surgery without additional imaging or not

Only Chen

et al. "™ collected operative outcomes and indicated medium term

because of lacking of relevant data in most studies.

of total neurological deficits in iMRI-assisted group was significant-
P=0.012).

First,
none was randomized controlled trial.

ly lower than control group (3.9% wvs. 27.3%

There are some limitations in this meta-analysis.
among 6 included studies,
Because of low quality of included studies, the results were likely
to bias. Second, there were 6 studies included in gross total resec-
tion comparison,and different definitions of GTR were used in dif-
and Napolitano et al. """ used

47 defined GTR as 98%

16

ferent studies. Familiari et al. '™
EOR >95% as criterion. Marongiu et al.
) and Roder et al. '

ized GTR as no residual tumor. Mehdorn et al. '™ did not make a

or higher resection. Chen et al. ' ! character-

clear illustration. Besides, incomplete or ambiguous descriptions
in some studies led to a QUADAS-2 assessment of " unclear".

These limitations need to be considered when evaluating the
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conclusions.

4.2 Conclusions The iMRI revealed a remnant that required
further resection, which was deemed safe and feasible based on our
findings. Our systematic review and meta-analysis suggested that
iMR images have a favorable discriminative capacity in diagnosing
residual tumors in high-grade glioma. Surgeons should exercise
caution when considering the implications of iMRI and choosing
between 1.5 Tesla and 3. 0 Tesla devices for medically fit patients.

References

[1] SIEGEL R, NAISHADHAM D, JEMAL A. Cancer statistics, 2013[J].
A Cancer Journal for Clinicians, 2013, 63(1); 11 -30.

[2] VECHT CJ, AVEZAAT CJ, VAN PUTTEN WL, et al. The influence of
the extent of surgery on the neurological function and survival in malignant
glioma. A retrospective analysis in 243 patients[ J]. Journal of Neurol,
Neurosurg and Psychiatry, 1990, 53(6) ; 466 —471.

[3] ALMEIDA JP, CHAICHANA KL, RINCON-TORROELLA J, et al. The
value of extent of resection of glioblastomas: Clinical evidence and current

approach[ J ]. Current Neurology and Neuroscience Reports, 2015, 15
(2).517.
[4] CHAICHANA KL, CABRERA-ALDANA EE, JUSUE-TORRES I, et al.

When gross total resection of a glioblastoma is possible, how much resec-
tion should be achieved[ J]. World Neurosurg, 2014, 82(1 -2) ; €257 -
205.
[5] KLADNY B, GLUCKERT K, SWOBODA B, et al. Comparison of low-
field (0.2 Tesla) and high-field (1.5 Tesla) magnetic resonance imaging
of the knee joint[ J]. Archives of Orthopaedic and Trauma Surgery, 1995,
114(5) : 281 —-286.
MARTIN A J, HALL W A, LIU H, et al. Brain tumor resection: Intraop-
erative monitoring with high-field-strength MR imaging-initial results[J].
Radiology, 2000, 215(1) . 221 -228.
[7] HALL WA, MARTIN AJ, LIU HY, et al. Brain biopsy using high-field
strength interventional magnetic resonance imaging [ J].
1999, 44(4) : 807 -813.
LIBERATI A, ALTMAN D G, TETZLAFF J, et al. The PRISMA state-

ment for reporting systematic reviews and meta-analyses of studies that

(6

—

Neurosurgery ,

(8

[

evaluate health care interventions; explanation and elaboration[ J]. An-

nals of Internal Medicine, 2009, 151(4) : W65 —94.

WHITING PF, RUTJES AW, WESTWOOD ME, et al. QUADAS-2: A

revised tool for the quality assessment of diagnostic accuracy studies[J ].

Annals of Internal Medicine, 2011, 155(8) ; 529 —536.

[10] REITSMA JB, GLAS AS, RUTJES AW, et al. Bivariate analysis of sen-
sitivity and specificity produces informative summary measures in diag-
nostic reviews [ J . Journal of Clinical Epidemiology, 2005, 58 (10) .
982 -990.

[11] TIERNEY JF, STEWART LA, GHERSI D, et al. Practical methods for
incorporating summary time-to-event data into meta-analysis[ J]. Trials,

2007(8) : 16.

9

s

[12] HIGGINS JP, THOMPSON SG. Quantifying heterogeneity in a meta-
analysis[ J]. Statistics in Medicine, 2002, 21(11); 1539 —1558.

[13] FAMILIARI P, FRATI A, PESCE A, et al. Real impact of intraopera-
tive magnetic resonance imaging in newly diagnosed glioblastoma multi-
forme resection: An observational analytic cohort study from a single sur-
geon experience[ J]. World Neurosurg, 2018 (116) : €9 —el7.
MARONGIU A, D’ANDREA G, RACO A. 1.5-T Field intraoperative
magnetic resonance imaging improves extent of resection and survival in
glioblastoma removal[ J]. World Neurosurgery, 2017(98) ; 578 —586.
CHEN LF, YANG Y, MA XD, et al. Optimizing the extent of resection

and minimizing the morbidity in insular high-grade glioma surgery by

14

[

[15

[

high-field intraoperative MRI guidance [ J ]. Turkish Neurosurgery,
2017, 27(5) : 696 -706.
[16] RODER C, BISDAS S, EBNER FH, et al. Maximizing the extent of re-
section and survival benefit of patients in glioblastoma surgery; High-
field iMRI versus conventional and 5-ALA-assisted surgery[J]. Europe-
an Journal of Surgical Oncology, 2014, 40(3) . 297 - 304.
NAPOLITANO M, VAZ G, LAWSON T M, et al. Glioblastoma surgery
with and without intraoperative MRI at 3.0T[J]. Neurochirurgie, 2014,
60(4) . 143 -150.
[18] MEHDORN HM, SCHWARTZ F, DAWIRS S, et al. High-field ioMRI
in glioblastoma surgery: Improvement of resection radicality and survival
for the patient[ J]. Intraoperative Imaging, 2011(109) ; 103 -106.
[19] ELJAMEL MS, MAHBOOB SO. The effectiveness and cost-effectiveness
of intraoperative imaging in high-grade glioma resection; A comparative

(17

[

review of intraoperative ALA, fluorescein, ultrasound and MRI[ J].
Photodiagnosis and Photodynamic Therapy, 2016(16) ; 35 —43.

[20] JENKINSON MD, BARONE DG, BRYANT A, et al. Intraoperative im-
aging technology to maximise extent of resection for glioma[ J]. Cochrane
Database of Systematic Reviews, 2018(1) ; Cd012788.

[21] PESSINA F, NAVARRIA P, COZZI L, et al. Maximize surgical resec-

tion beyond contrast-enhancing boundaries in newly diagnosed glioblasto-

ma multiforme; is it useful and safe? A single institution retrospective ex-

perience[ J]. Journal of Neuro-Oncology, 2017, 135(1) : 129 —139.

Li XZ, Li YB, Cao Y, et al. Prognostic implications of resection extent

[22

[

for patients with glioblastoma multiforme ; a meta-analysis[ J]. Journal of
Neurosurgical Sciences, 2017, 61(6) : 631 -639.

PESSINA F, NAVARRIA P, COZZI L, et al. Role of surgical resection
in recurrent glioblastoma: prognostic factors and outcome evaluation in an

Journal of Neuro-Oncology, 2017, 131 (2):

[23

[

observational study [ J].
377 -384.

RAHMAN M, ABBATEMATTEO J, DE LEO EK, et al. The effects of
new or worsened postoperative neurological deficits on survival of patients
with glioblastoma[ J]. Journal of Neurosurgery, 2017, 127(1); 123 -
131.

YORDANOVA Y N, MORITZ-GASSER S, DUFFAU H. Awake surgery

for WHO grade II gliomas within " noneloquent" areas in the left domi-

[24

[

[25

[

nant hemisphere: Toward a " supratotal" resection-Clinical article[ ] ].
Journal of Neurosurgery, 2011, 115(2) . 232 -239.

0@00#00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00400S00400400S00S00400S00S00400S00S00S00S00S00S00S00S0

(From page 85)

[2] SIZJ, LOU ZW, DING W. Clinical study of Hulisan capsule combined
with Irecoxib in the treatment of knee osteoarthritis [ J]. Contemporary
Medicine, 2022, 18(28): 161 —163. (in Chinese).

[3] FUMR, HE LF, LU J, et al. Meta-analysis of efficacy and safety of Hu-
lisan Capsules in treatment of knee osteoarthritis[ J]. China Journal of

Chinese Materia Medica, 2022(19) ; 5365 —5374. (in Chinese).

[4] SHEN ZL, LI S, XIE QK. In vitro overdraft and absorption test of ma-
trine in Tripterygium wilfordii cataplasm[ J]. Chinese Traditional Patent
Medicine, 2000, 22(11): 700. (in Chinese).

[5] MAO KJ, LI FQ, BAI GG, et al. Simultaneous determination of ten nu-
cleoside and nucleobase components in Hulisan tablets by HPLC[]].
Chinese Journal of Pharmaceutical Analysis, 2014, 34 (11): 1959 -
1963. (in Chinese).



