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Case Report

Intraoperative high-field magnetic resonance imaging
combined with neuronavigation-guided resection of
intracranial mesenchymal chondrosarcoma in Broca’s
area: a rare case report and literature review
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Abstract: Cranial Mesenchymal chondrosarcoma (MC) and those that occurred in brain parenchymal were fairly
rare aggressive neoplasm commonly affecting the bone of young adults. Here, we reported a case with intracranial
MC, invading Broca’s area, a rare site not previously reported, which was presumed to be a glioma. We performed
a gross total resection guided by intra-operative magnetic resonance imaging (iMRI) combined with neuronaviga-
tion. Follow-up shows no language and other brain function loss. Furthermore, we present a review of literature. We
emphasized the importance of gross total resection guiding by the combination of iMRI and neuronavigation, which
was proved to be both reliable and effective in language preservation.
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Introduction

Mesenchymal chondrosarcoma (MC) is a rare
aggressive neoplasm commonly affecting the
bone of young adults. Cranial MC and those
that occurred in brain parenchymal were
extremely rare, which were associated with
worse outcomes due to their invasive biology
and proximity to vital brain structures. Here, we
present a case with intracranial MC in Broca’s
area, a rare site not previously reported, which
was presumed to be a glioma. We performed a
gross total resection guided by intra-operative
magnetic resonance imaging (iMRI) combined
with neuronavigation. Follow-up showed no lan-
guage and other brain function loss. Fur-
thermore, we present a review of literature.

Case report

A 22-year-old female with a history of intermit-
tent unclear speech (with no obvious incen-
tives) and spontaneous remission after a few
minutes. She was right-hand dominant. The

medical history and routine laboratory studies
were non-contributory. A magnetic resonance
imaging (MRI) scan showed a well-demarcated
mass measuring 18 x 15 x 17 mm in the left
inferior frontal gyrus. The signal intensity of the
lesion was higher than the grey matter on
T1-weighted images and slightly higher than the
grey matter on T2-weighted images (Figure 1A,
1B). The peritumoral brain edema (PTBE) area
had a higher signal intensity than the grey mat-
ter on fluid-attenuated inversion-recovery (FL-
AIR) images (Figure 1C). The lesion edge dem-
onstrated ring-restricted diffusion with diffu-
sion weighted imaging (DWI) (Figure 1D) and
obvious enhancement with contrast was noted
(Figure 1E). With magnetic resonance spectro-
scopic (MRS) imaging, the ratio of choline (Cho)
to N-acetyl aspartate (NAA) in the tumor solid
area was 3.12 (Figure 1F). On magnetic reso-
nance perfusion imaging (PWI), the solid tumor
area had high perfusion (Figure 1G). A glioma in
the left inferior frontal gyrus was pre-operative-
ly diagnosed.
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Figure 1. A. T1-weighted image showed that the signal intensity of the lesion was higher than the grey matter. B.
T1-weighted image showed that the signal intensity of the lesion was slightly higher than the grey matter. C. Fluid-
attenuated inversion-recovery (FLAIR) image showed that the PTBE area had a higher signal intensity than the grey
matter. D. Diffusion weighted imaging (DWI) demonstrated ring-restricted diffusion around the lesion edge. E. MR
revealed an obvious enhancing lesion in the left inferior frontal gyrus. F. With MRS imaging, the ratio of Cho to NAA
in the tumor solid area was 3.12. G. On PWI, the solid tumor area had high perfusion. H, I. The 3D reconstruction
images disclose the relationship between the lesion and AF. J, The functional connectivity map demonstrated the re-
lationship between the lesion and language areas. K. The intraoperative image indicated that there was no residual
tumor. L. Photomicrograph of tumor specimen showed it is comprised of small, undifferentiated oval-to-spindle

shaped cells. HE staining, scar bar ~20 pym.

Language function and cognitive state evalu-
ation

Pre-operatively, language function was asse-
ssed by the Aphasia Battery of Chinese (ABC),
which is the Chinese standardized adaptation
of the Western Aphasia Battery. The Aphasia
Quotient (AQ) score (spontaneous speech, com-
prehension, repetition and naming) was used
to measure the language ability and the score
was 100. The patient’s pre-operative cognitive
state was assessed by the Mini Mental State
Examination (MMSE), and the score was 29.

Pre-operative examination and data process-
ing

Pre-operative brain images were obtained in
the diagnostic room of an iMRI-integrated neu-

4698

rosurgical suite (IMRIS, Winnipeg, Manitoba,
Canada) using a movable 3.0-T scanner (MA-
GNETOM Verio 3.0T, Siemens AG, Erlangen,
Germany) 1 day prior to the surgical interven-
tion. The imaging protocol included a plain and
contrast-enhanced three-dimensional (3D),
magnetization-prepared, rapid-gradient echo
(MPRAGE) sequence (time of repetition (TR),
1900 milliseconds; time of echo (TE), 2.93 mil-
liseconds; flip angle, 9 degrees; matrix size,
256 x 215; slice thickness, 1 mm); diffusion
tensor imaging (TR, 9900 milliseconds; TE, 90
milliseconds; slice thickness, 2 mm; slice spa-
ce, O mm; matrix size, 128 x 128; voxel size,
2.0 x 2.0 x 2.0 mm?; 30 directions); and rest-
ing-state blood oxygen level-dependent (BOLD)
fMRI (TR, 2000 milliseconds; TE, 35 millisec-
onds; slice thickness, 4 mm; matrix size, 64 x
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64; voxel size, 3.3 x 3.3 x 4.0 mm?3; 240 time
points) for the pre-operative identification of
the language areas.

The arcuate fasciculus (AF) was reconstructed
into a 3D object and was super-imposed
onto the structural data using a post-process-
ing workstation (Syngo MultiModality Work-
place, Siemens AG). The reconstructed AF was
defined with a two regions of interest (ROI)
approach, as reported by Catani et al [1]. A frac-
tional anisotropy (FA) threshold of 0.2, step
length of 1mm, and angular threshold of 30°
were used for AF tractography.

All resting-state fMRI data were pre-processed
using Statistical Parametric Mapping 8 (SPMS;
Welcome Department of Imaging Neuroscience,
University College London, UK) and Data Pro-
cessing Assistant for Resting-State fMRI-
advanced edition (DPARSFA; by Yan and Zang,
State Key Laboratory of Cognitive Neuroscience
and Learning, Beijing Normal University, China)
[2]. Standard image pre-processing was per-
formed as follows. The first 10 volumes were
discarded. The images were realigned and cor-
rected for slice timing. The T1-weighted struc-
tural image was normalized to a Montreal
Neurological Institute (MNI) template. The nor-
malization parameters including the bounding
box and voxel sizes, determining factors for the
structural volume, were then applied to the
functional image volume. A smoothing program
with a Gaussian kernel of 4 mm was applied to
the data. Linear trend over the run was re-
moved. A temporal band-pass filter (0.01 Hz < f
< 0.08 Hz) to the time course was used to
obtain low-frequency fluctuations. Spurious
BOLD variances that were unlikely to reflect
neuronal activity were reduced, including sig-
nals from the cerebrospinal fluids, from the
white matter and from the whole brain, as well
as the six parameters obtained by rigid body
head motion were correct. The BOLD fMRI time
course was extracted from spherical seed ROI
(3-mm radius) and then the seed-based func-
tional connectivity map was generated. We cre-
ated the seed ROl at the mirror region of Broca’s
area in the right hemisphere, and the coordi-
nate of the seed ROl in the MNI space was at x
=47.45,y=12.50 and z = 26.57 [3]. Then, we
wrote the normalized functional images back to
the patient’s individual space. We used xjView
8 (http://www.alivelearn.net/xjview) to visual-
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ize the correlation map on the platform of
Matlab. The threshold was determined accord-
ing to the qualitative evaluation, which showed
functional neuronal activity best while minimiz-
ing spatially non-specific noise that was proba-
bly of non-neuronal origin. In this patient, the
functional connectivity map showed that the
language areas located at the inferior frontal
gyrus, angular gyrus and middle temporal
gyrus.

The reconstructed series were imported into
the surgical neuronavigation system. The rela-
tionships between the lesion, AF (Figure 1H,
11), and language areas (Figure 1J) were pro-
vided to the neurosurgeons for surgical plan-
ning.

Intraoperative MRI combined with neuronavi-
gation-guided resection

On the day of surgery, the pre-operative plan
and neuronavigation were combined, and the
navigation was registered. Based on the sur-
face projection of the tumor, the surgeons
designed the operative incision and chose the
best operative path. A conventional craniotomy
was performed, and the brain surface was
exposed. Then, the language areas were mar-
ked. By means of neuronavigation, the AF out-
lines could be displayed in the microscope field
of view through the microscope heads-up dis-
play along with the tumor contour. The intraop-
erative visualization of the AF and marked lan-
guage areas facilitated the preservation of the
surrounding eloquent structures and maxi-
mized the tumor resection. Gross examination
revealed that tumor was embedded in cere-
brum and well-demarcated. The tumor tissue
was well vascularized, grayish-white in color,
and quite firm. The tumor was located in the left
inferior frontal gyrus near the sylvian fissure
with no evidence of dural attachment. When
the surgeons confirmed the total removal of the
tumor in the microscope, iMRI data were used
to update the navigation information with the
pre-operatively chosen method. The intraoper-
ative images indicated that there was no resid-
ual tumor (Figure 1K). Tumor was total resected
with less bleeding, the surgical time is 148 min.
Only 50 ml blood was lost during total proce-
dure. The update allowed the neurosurgeon to
further resect the PTBE area, where the ratio of
Cho to NAA was increased significantly in the
pre-operative MRS image. Histologically, it was
predominantly comprised of small, mostly
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undifferentiated oval-to-spindle shaped cells.
The cartilaginous component was variable, but
was usually a minority of the tumor. The undif-
ferentiated mesenchymal cells with rounded
hyperchromatic nuclei and scant cytoplasm
were arranged in better pattern around thin
walled blood vessels. MC was pathologically
diagnosed (Figure 1L).

Post-operative follow-up

One day after surgery, the patient spoke nor-
mally. Two days after surgery, the patient pre-
sented slurred speech. Three days after sur-
gery, the patient presented complete aphasia,
and five days after surgery, the patient began to
improve. The same neuropsychologist per-
formed the post-operative language function
and cognitive state assessments. One week
after surgery, the AQ score was 95.2 and the
MMSE score was 27. One month after surgery,
the patient’s language function and cognitive
state had recovered to the pre-operative level.
The AQ score was 100, and the MMSE score
was 29.

Discussion

Intracranial chondrosarcoma is an extremely
rare intracranial tumor, accounting for 0.15% of
all intracranial neoplasm [4]. MC is a less com-
mon subtype of chondrosarcoma first described
by Lightenstein and Bernstein in 1959 [5].
Extraskeletal intracranial MCs mainly occur in
the younger age (10~30 years), with a slight
female preponderance [6]. MC was assumed to
originate from the embryonal cartilaginous
cells which rests in the cranial bones and dura,
or from the meningeal fibroblasts, or from the
multi-potent mesenchymal cells in the dura,
arachnoid, or brain [7, 8]. Others believe that
these cells are present in the arachnoid exten-
sions that enclose the cerebral blood vessels.
Yet other authors indicated that MC was the
neoplasm of differentiating pre-mesenchymal
chondroprogenitor cells, which are not restrict-
ed to bone but found throughout the body. The
present tumor may have originated from multi-
potent mesenchymal or pre-mesenchymal
chondroprogenitor cells in the brain parenchy-
ma with no evidence of dural attachment. A
whole body survey was performed in the pres-
ent patient, and no extracranial lesions were
identified. Intracranial MC is more aggressive,
with a very high frequency of local recurrence
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and distant metastasis. The overall 5- and
10-year survival of patients with MC, when con-
sidering all sites, is 55% and 27%, respectively
[9]. The treatment strategy is the radical remov-
al of these lesions, regardless of the anatomi-
cal site [4, 6, 9-11]. A partial tumor resection
accelerates recurrence, and repeated surger-
ies promote invasion and metastasis. Fur-
thermore, resection adjacent to the eloquent
area poses a great challenge of maximizing
tumor removal and protecting language func-
tion. The protection of language function during
surgery not only requires the preservation of
the language cortex but also the location and
protection of subcortical language tracts [12].
Intraoperative electrostimulation is considered
as the gold standard for functional localization
[13]. However, it is an invasive procedure that
have to awake patients, and it is also hard to
make pre-operative planning and clarify post-
operative language function recovery mecha-
nisms. In this report, we solved this problem
through the combination of iMRI and
neuronavigation.

According to the current literatures [4, 6, 9-11]
neuronavigation-guided resection of intracrani-
al MCs under general anesthesia should be
the first choice. There is currently no detailed
information on how to maximize MC resection
while preserving the surrounding eloquent
structures.

The present intracranial MC was located in the
left inferior frontal gyrus, which is an important
language area (Broca’s area). In this study, we
generated fiber tract images of the AF and lan-
guage cortex from functional neuroimaging,
including DTI and resting-state fMRI data.
Combined with neuronavigation, the imaging
enabled the neurosurgeon to accurately define
the tumor outline, language cortex, AF, and
their relationships. All these were helpful to
choose the best approach. Following the open-
ing of the dura, the neurosurgeon marked the
language cortex. The AF outlines could be dis-
played in the microscope field of view through
the microscope heads-up display along with the
tumor contour. By means of neuronavigation,
the contour display in the surgical field could
provide a very intuitive 3D impression of the AF
course and tumor, allowing the surgeon to max-
imize tumor resection without damaging the
surrounding areas. Asecond iMRI scan revealed
that total tumor excision was achieved. Our
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patient experienced no language function and
cognitive state deficits for one month after sur-
gery. The MRI images demonstrated the integ-
rity of the language cortex and AF. This result
indicated that the intraoperative identification
and location of structural and functional nerve
tissues were essential for the protection of
neurological function.

Spontaneous BOLD fluctuations were identified
by Biswal and Fox in 1995, applying seed-
based functional connectivity to analyze the
resting-state fMRI data [14]. Further research
confirmed that functional connectivity existed
in the motor, auditory, visual, and language sys-
tems, which reflected brain activity during the
resting state [3, 15]. The brain functional imag-
ing techniques of DTl were developed based on
DWI. By measuring the water diffusion in differ-
ent planes and tracing the pathway of least hin-
drance to diffusion, DTl tractography can reveal
continuous neural pathways based on the
movement of water molecules subjected to a
magnetic gradient. Resting-state fMRI and DTI-
based fiber tracking technology are widely
applied to pre-operatively identify the location
of the language cortex and subcortical lan-
guage pathways in brain tumor patients, which
is coincident with intraoperative electrostimu-
lation [16]. Through resting-state fMRI and DTI
technology, the major functional areas, includ-
ing Broca’s and Wernicke’'s areas and AF, can
be reconstructed. In combination with a neuro-
navigation system, the anatomical relationship
between the tumor and eloquent structures
relevant to language can be visualized, allowing
the operator to remove a lesion as precisely as
possible while preserving primary functions.
High-field iMRI yields high-quality intraopera-
tive brain anatomical images and functional
imaging. Functional imaging, including DTl and
resting-state fMRI, can be used for an immedi-
ate update of the shifted structures relevant to
language in relation to the resection cavity or
residual tumor. The update allows the surgeon
to correct for brain shifts with conventional
neuronavigation. IMRl combined with neuro-
navigation facilitates tumor removal while pre-
serving the integrity of neurological function.
Thus, the disability rate is decreased, and the
quality of life is improved.

PTBE is a common incidental sign of a tumor,
which is related to the presence or growth of
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the tumor. PTBE is the basis of invasion and
metastasis of tumor cells within the normal
brain tissue. However, the invasion and metas-
tasis of tumor cells in the PTBE area cannot be
identified via abnormal changes in morphology
and are not detected with conventional MRI,
which complicates the surgical planning and
identification of the tumor margin. As a mini-
mally invasive examination method, MRS, whi-
ch utilizes the magnetic resonance phenomena
and chemical shifts, can specifically analyze
the atomic nucleus and their compounds and
provide information on brain metabolism and
biochemistry. N-acetyl aspartate (NAA), which
only exists in nerve tissues, is a sign of neuro-
nal degeneration and death, and choline (Cho)
is a sign of tumor cell proliferation [17]. Ricci et
al. found that the PTBE had a pathological
spectrum of increased Cho levels and reduced
NAA levels, which might be relevant to tumor
cell invasion [18]. Intracranial MC is more
aggressive, with a very high frequency of local
recurrence and distant metastasis. Therefore,
removing potential tumor cells in the PTBE area
as extensively as possible is an important
approach to prevent recurrence. Thus, the pa-
thological examination was performed in the
PTBE area where potential tumor cells resided,
i.e., where the ratio of Cho to NAA was signifi-
cantly increased in this study. The result indi-
cated that there was no tumor cell invasion.

Conclusion

Here, we reported a case with intracranial MC,
invading Broca’'s area. We emphasized the
importance of gross total resection guiding by
the combination of iMRI and neuronavigation,
which was proved to be both reliable and effec-
tive in language preservation.
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