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Abstract
Purpose Extent of resection of low grade glioma (LGG) is an important prognostic variable, and may influence decisions 
regarding adjuvant therapy in certain patient populations. Immediate postoperative magnetic resonance image (MRI) is 
the mainstay for assessing residual tumor. However, previous studies have suggested that early postoperative MRI fluid-
attenuated inversion recovery (FLAIR) (within 48 h) may overestimate residual tumor volume in LGG. Intraoperative 
magnetic resonance imaging (iMRI) without subsequent resection may more accurately assess residual tumor. Consistency 
in MRI techniques and utilization of higher magnet strengths may further improve both comparisons between MRI studies 
performed at different time points as well as the specificity of MRI findings to identify residual tumor. To evaluate the utility 
of 3 T iMRI in the imaging of LGG, we volumetrically analyzed intraoperative, early, and late (~ 3 months after surgery) 
postoperative MRIs after resection of LGG.
Methods A total of 32 patients with LGG were assessed retrospectively. Residual tumor was defined as hyperintense T2 
signal on FLAIR. Volumetric assessment was performed with intraoperative, early, and late postoperative FLAIR via Ter-
aRecon iNtuition.
Results Perilesional FLAIR parenchymal abnormality volumes were significantly different comparing intraoperative and 
early postoperative MRI (2.17 ± 0.45  cm3 vs. 5.47 ± 1.07  cm3, respectively (p = 0.0002)). A significant difference of perile-
sional FLAIR parenchymal abnormality volumes was also found comparing early and late postoperative MRI (5.47 ± 1.07 
 cm3 vs. 3.22 ± 0.64  cm3, respectively (p = 0.0001)). There was no significant difference between intraoperative and late 
postoperative Perilesional FLAIR parenchymal abnormality volumes.
Conclusions Intraoperative 3 T MRI without further resection appears to better reflect the volume of residual tumor in LGG 
compared with early postoperative 3 T MRI. Early postoperative MRI may overestimate residual tumor. As such, intraopera-
tive MRI performed after completion of tumor resection may be more useful for making decisions regarding adjuvant therapy.
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Introduction

A World Health Organization (WHO) grade II glioma, or 
diffuse low-grade glioma (LGG), is a slow-growing, infil-
trative primary brain tumor that confers a median overall 
survival (OS) of 7.8 to 15 years [1–3]. Ultimately, LGGs 
may undergo malignant transformation to a higher grade, 
including anaplastic glioma (WHO III) or glioblastoma 
(WHO IV), with poor subsequent prognosis [1, 4, 5]. Early 
and aggressive management of LGG with maximal safe 
surgical resection is critical to optimizing overall survival 
and time to malignant transformation, or malignant pro-
gression free survival (PFS), in addition to maintaining 
and preserving acceptable quality of life [6].

The prognostic benefit of maximal extent of resection 
(EOR), particularly when achieving > 90% EOR, has been 
well-described by previous LGG studies [7–9]. Advance-
ments in intra-operative imaging, including ultrasound and 
MRI (iMRI), as well as intracranial mapping techniques, 
have substantially improved the ability of the neurosur-
geon to achieve maximal EOR while minimizing neu-
rologic morbidity [7]. However, despite these advances, 
gross total resection is not always achieved, even when 
possible from the perspective of potential neurologic 
morbidity.

While EOR is a significant prognostic factor in LGG, 
the accurate determination of residual tumor volume also 
impacts the clinical decision to pursue adjuvant thera-
pies, including radiotherapy and/or systemic therapies. In 
a recent study confirming the role of EOR in low grade 
gliomas including IDH-wildtype astrocytomas, residual 
volumes as little as 1  cm3 lead to significantly worse OS 
[9]. Thus the importance of accurately assessing residual 
tumor volume after surgery is crucial in determining the 
need for additional surgery and adjuvant therapies [9, 10].

Timing of the imaging study and the particular MRI 
sequences obtained have important roles in distinguish-
ing residual tumor from postoperative changes that may 
obscure tumor margins. Intraoperative MRI can be per-
formed to aid in assessing extent of resection during 
surgery. Several studies have shown improved EOR and 
improved OS with use of iMRI [10–13]. However, iMRI 
sequences are often incomplete relative to formal post-
operative imaging, and utilization of iMRI sequences as 
a post-resection imaging baseline is not well described.

Pala et al. evaluated patients with LGG who underwent 
surgical resection with 1.5 T iMRI guidance, followed by 
an early postoperative MRI (< 48-h) and late postopera-
tive MRI (3–4 months) [14]. This study concluded that 
iMRI residual tumor volumes, evaluated by conventional 
T2-weighting and Fluid Attenuated Inversion Recovery 
(FLAIR), were most similar to late postoperative MRI, 

which was previously described to most accurately depict 
residual tumor volume [14, 15]. However this study uti-
lized a different strength magnet (1.5 T) for intraopera-
tive MR imaging than post-operative images (3 T), and 
included patient with LGGs that did not have gross total 
resection (GTR). Additionally, studies have shown that 
that 3 T FLAIR sequences more accurately quantitate 
the volume of low grade gliomas compared to 1.5 T MRI 
[16–18]. Thus, existing data utilizing 1.5 T intraopera-
tive MRI may not quantitate residual tumor volumes as 
accurately as 3 T intraoperative MRI. 3 T MRI technol-
ogy has improved signal-to-noise ratio (SNR) compared to 
1.5 T, which leads to higher spatial resolution, resulting in 
a clearer image and therefore theoretically allowing better 
detection of smaller lesions and complex anatomy [19]. 
The superior spatial resolution with 3 T images allows 
greater confidence in the extent of tumor resection and 
determination of margins of the FLAIR signal abnormality 
on the iMRI and postoperative exams [20]. One potential 
disadvantage of 3 T is greater susceptibility for artifacts 
(such as in areas of blood products) although this does 
not seem to be a problem in determining the peripheral 
margins of LGG in most cases [21].

Therefore, the primary aim of the presented study was 
to evaluate 3 T intraoperative MRI FLAIR in the estima-
tion of residual LGG tumor volume compared to early and 
late postoperative 3 T MRI.

Methods

Patient population and study design

The study is an IRB-approved retrospective cohort review 
evaluating patients who were treated for LGG at The Ohio 
State University Wexner Medical Center in the three-year 
time period 2015–2018. The initial cohort consisted of 79 
patients that had a pathology-proven diagnosis of LGG and 
underwent surgical resection. Exclusion criteria included 
patients that underwent adjuvant therapy prior to a follow 
up MRI at 3 months and any patients without any of three 
standard MRI time points: an intraoperative 3 T MRI, a 
postoperative 3 T MRI within 24 h of their procedure, 
and a follow up 3 T MRI at 3 months post-surgical resec-
tion. The 24 h time point was based on previous literature 
that denoted increases in perilesional FLAIR parenchy-
mal abnormalities secondary to retraction, hemoglobin and 
granulation tissue [22, 23]. The final cohort consisted of 
32 patients. Patient demographics, surgical reports, patho-
logical evaluation, and intraoperative and postoperative 
imaging records were reviewed.
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Imaging evaluation

During surgery, iMRI scans were performed utilizing a 3 T 
Espree Navigation System (Discovery™ MR750w GEM—
70 cm, Software DV25.1, GE Healthcare, Chicago, USA). 
The parameters of a standard FLAIR sequence used in this 
study: TR 9000 ms and TE 114 ms, flip angle 150° 4 mm 
slice thickness, number of averages 1, echo train length 22, 
number of phase encoding steps 326, acquisition matrix size 
384 × 348. All iMRI sequences were 2D sequences. iMRI 
sequences included FLAIR. Early postoperative MRI was 
performed within 24 h following surgery, and late postopera-
tive MRI was obtained 3–4 months after surgery. Postopera-
tive MRIs were performed with 3 T MRI Symphony system 
(Siemens AG, Erlangen, Germany). Post-operative and late 
postoperative MR images were obtained with the same type 
of scanner with the same protocol.

Volumetric tumoral analysis

Tumor volumes were measured using TeraRecon iNtuition 
software (Version 4.4.13.P2; Foster City, CA). The process 
involved auto-segmentation with additional manual contour-
ing in the axial, sagittal, and coronal planes as well as 3-D 
image overlay for verification of segmentation accuracy. 
Auto-segmentation was performed using the TeraRecon 
iNtuition software which approximated the margins of a 
targeted signal abnormality. Then the radiologists manu-
ally contoured each lesion freehand to fine tune the margins 
for accuracy. The fine tuning was performed on all three 
planes (axial, sagittal, and coronal) to ensure a high degree 
of accuracy. This was performed for each case. Following 
this step, 3-D overlay of a shaded rendering of the expected 
volume was placed over the lesion to ensure accuracy of the 
final volume. If discrepancies were noted, the process was 
repeated until no visible errors or discrepancies between the 
measure volume and visualized lesion were noted. Circum-
scribed LGG was defined as a compact lesion without visible 
spread along white matter fibers. The threshold was 1.5  cm3 
for FLAIR sequences and 1  cm3 for T2 sequences, demarca-
tion of residual disease signal abnormality was achieved on 
FLAIR sequences compared to T2 sequences, and therefore 
a higher threshold for minimal residual disease on FLAIR 
sequences (1.5  cm3) was utilized with higher confidence 
when measuring signal abnormality.

Statistical analysis

Statistics were calculated using SPSS v25 (IBM Corp. 
Released 2017. IBM SPSS Statistics for Macintosh, Ver-
sion 25.0. Armonk, NY: IBM Corp.). Normality was 
tested via a Shapiro–Wilk test. Patient characteristics 
were compared using analysis of variance (ANOVA), 

Kruskal–Wallis and Chi-square tests. A two-sided p-value 
less than 0.05 was considered to be statistically significant.

Results

A total of 32 patients treated for WHO grade II LGGs 
were assessed. The most common histologic subtype of 
LGG was diffuse astrocytoma (n = 21, 65.6%), followed by 
oligodendroglioma (n = 11, 34.4%). A median age of 36.5 
(range 22–75) years was noted. The majority of patients 
were male (56%, n = 18). The majority, 28(87.5%) patients 
were positive for IDH1R132H mutation, 1(3.1%) patient 
had IDH wildtype and 3(9.4%) patients the IDH status 
was not performed. The mean initial tumor volume was 
30.7 ± 4.6  cm3.

All patients included in the analysis underwent iMRI. 
Tumor volumes from the iMRI are reflective of last iMRI 
if multiple iMRI were performed. The perilesional FLAIR 
parenchymal abnormality volumeof iMRI FLAIR was 
2.17 ± 0.45  cm3. Gross total resection was obtained in 
84.4% (27/32, volume < 3  cm3) and near total resection in 
15.6% (5/32, volume < 8  cm3, > 90% of initial volume [24]). 
All early postoperative MRIs were obtained within 24 h of 
resection. No patients required additional surgery based on 
findings of early MRI. The perilesional FLAIR parenchymal 
abnormality volumeof early postoperative MRI FLAIR was 
5.47 ± 1.07  cm3. A significant difference of FLAIR abnor-
malities was found comparing intraoperative and early post-
operative MRI perilesional FLAIR parenchymal abnormality 
volume (p = 0.0002), in which the iMRI perilesional FLAIR 
parenchymal abnormality volume was significant smaller 
than the early post-operative perilesional FLAIR parenchy-
mal abnormality volume. The late postoperative MRI was 
at approximately 3-months (median 92.0 ± 5.0 days) from 
the time of resection. No patients were recommended for 
additional surgery based on late MRI findings. The perile-
sional FLAIR parenchymal abnormality volume of late post-
operative MRI FLAIR was 3.22 ± 0.64  cm3. A significant 
difference of FLAIR abnormalities was found in early post-
operative and late postoperative MRI perilesional FLAIR 
parenchymal abnormality volume (p = 0.0001), in which the 
early post-operative MRI tumor perilesional FLAIR paren-
chymal abnormality volume was larger than the 3 month 
follow up perilesional FLAIR parenchymal abnormality vol-
ume. There was no significant difference between intraopera-
tive and late postoperative perilesional FLAIR parenchymal 
abnormality volume (Fig. 1). Additionally Fig. 2 shows the 
trend of the pre-operative to immediate post-operative MRI. 
An illustrative case is shown in Fig. 3 in which the early 
post-operative FLAIR images over-estimate any possible 
residual disease as compared to iMRI FLAIR images.
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Discussion

For patients with newly diagnosed LGG, EOR has become 
a prognostic factor for progression free survival and overall 
survival [25]. Remnants of tumor suggested on postoperative 
imaging may lead to recommendations for repeat surgery 
for completion of resection or influence recommendations 
regarding adjuvant therapy [26]. The management of LGG 
is often based on the volume of tumor seen post-operatively 
on FLAIR MRI sequences [27, 28], as the FLAIR sequences 
are able to delineate tumor boundaries more precisely than 
T2-weighted sequences, especially when tumors are near 
cerebrospinal fluids spaces [29]. However, residual blood 
and degradation products influence relaxation time, which 
limits optimal determination of FLAIR inversion time. 
FLAIR signal alterations attributable to surgical trauma, 
changes in hemoglobin and early stages of fibrosis may lead 
to overestimation of residual LGG on post-operative MRI 
depending on the time point after surgery [22, 23, 30–34]. 
Blood and degradation products may also result in artifact 
obscuring tumor remnants on early postoperative imaging 
[35]. Thus, it has been postulated that the routine use of 
either a final iMRI and/or very early MRI (completed within 
24 h) after resection may minimize artifact and better define 
any remaining tumor.

The current study is a retrospective assessment of patients 
undergoing surgery for LGG in which no subsequent resec-
tion was performed after iMRI due to surgeon and radiology 
determining GTR and/or additional resection was felt to be 
unsafe due to high risk of neurologic morbidity, and in which 
the FLAIR volume abnormalities for intraoperative, early 
postoperative and 3-month follow-up MRI were assessed 
using 3 T MRI. We found significantly smaller FLAIR vol-
umes on intraoperative MRI compared to early postoperative 
MRI, whereas no significant difference was seen compar-
ing intraoperative MRI to 3-month follow up MRI. This 
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Fig. 1  Tumoral volumes obtained on FLAIR sequences from the 
intraoperative, early postoperative and 3-month follow up MR images
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Fig. 2  Bar graph showing the pre-operative MRI tumor volume in 
comparison to immediate post-operative MRI tumor volume

Fig. 3  FLAIR MR imaging sequences of a right frontal lesion from 
various time points. a Pre-operative FLAIR MRI of right frontal 
lesion. b Intraoperative FLAIR MRI of right frontal lesion. c Early 

postoperative FLAIR MRI of left frontal lesion. d 3-month follow up 
FLAIR MRI of right frontal lesion
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indicates that early postoperative MRI may underestimate 
extent of resection compared to intraoperative and late MRI 
and should have less influence over immediate surgical and 
medical decisions compared to iMRI. These results are com-
plementary to prior work that demonstrated that residual 
tumor volumes were 49% smaller on late postoperative 
compared with early postoperative FLAIR imaging [35], 
confirming that early postoperative MRI overestimates the 
residual volume and that later postoperative MRI defines this 
volume more precisely.

Previous work by Pala et al. [14] and Masuda et al. [15] 
has shown that tumor volume and EOR are much better 
assessed with iMRI compared to early postoperative FLAIR. 
The Pala et al. [14] study defined the early postoperative 
MRI as MRIs obtained within 48 h of the resection, com-
pared with the current study which confines the early post-
operative MRI window to 24 h. This longer window may 
account for the larger difference in the FLAIR volumes that 
were seen in that study. Additionally the Pala study included 
all LGG regardless of extent of resection, accounting for the 
larger residual volumes which cumulatively may account for 
the larger variation in iMRI and early postoperative MRI. 
A major limitation of the Masuda et al. [15] study was the 
mix of glioma types that were analyzed and that only 8 LGG 
were included. Another major limitation of both prior stud-
ies was the use of different magnet strengths at different 
time points. In the present study, eliminating this variable 
by using the same magnet strength at all time points in the 
present study helped strengthen confidence in the compari-
sons of MRIs at different time points.

A recent prospective study evaluated differences in radia-
tion planning volumes for high-grade gliomas when patients 
were scanned on 3 T MR versus 1.5 T MR. The authors 
found that radiation planning volumes based on 3 T MRI 
tended to be smaller compared to volumes based on 1.5 T 
MRI, and appeared more accurate to level of disease [36]. 
Additionally in a different study, tumor contrast-to-noise 
ratio (CNR) was significantly higher for FLAIR at 1.5 T 
when 3 T on the same patients with WHO II and III grade 
gliomas [17]. Overall, a higher strength magnet may better 
delineate residual FLAIR signal and thus more accurately 
identify residual tumor volumes at different time points. 
With improved early radiographic assessment, clinicians 
may be better informed when counseling patients regarding 
the need for additional surgery or adjuvant therapy.

The differences in volume comparing early to late post-
operative MRI were significant and were not accounted for 
by ischemia-dependent tumor shrinkage. Rather, dissipa-
tion of edema likely accounts for a significant component 
of the reduction in FLAIR volume over this 3 month period. 
Intraoperative MRI FLAIR volumes showed no significant 
difference compared to late postoperative MRI. However 
there is the potential for tumor to grow between the time of 

iMRI and late postop MR images obtained 3 months later. 
Therefore, the decision to defer adjuvant therapy in high 
risk patients while awaiting late post-operative MRI should 
involve active discussion with neuro-oncology providers and 
staff based on patient history, symptoms and initial pathol-
ogy/molecular characterization.

There are limitations with this study including its small 
sample size and potential for differences in MRI quality 
based on specific MRI machine variables such as age, manu-
facturer and MRI technologist. Another limitation is the reli-
ance on a single MRI sequence for each data point. FLAIR 
hyperintensity can be caused by LGG, edema, gliosis, blood 
products and ischemia among other causes. It is possible that 
each MRI time point is identifying different levels of each 
of these entities. For example, the iMRI may identify edema 
and blood products, whereas the late MRI, though similar in 
FLAIR hyperintensity, may be identifying gliosis and aging 
ischemic changes [37]. Ongoing studies are needed to better 
clarify MRI variables key for analysis and optimization of 
patient outcomes.

Conclusion

iMRI helps maximize extent of resection in patients with 
LGG. The 3 T iMRI FLAIR sequence appears to be supe-
rior to early postoperative 3 T MRI FLAIR sequences with 
regard to assessing residual tumor in patients undergoing 
surgical resection of LGG. Future work may help better 
define the role, if any, of routine immediate postoperative 
MRI.
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