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Learning objectives

1. To describe the use of functional MRI (fMRI) in cranial surgery planning for patients
with low-grade gliomas (LGG).

2. To show the increasing importance of fMRI in the clinical setting based on a series of
patient cases imaged in the MRI unit of our department.

Background

LGG overview

Fig. 1: Appearance of low-grade glioma on FLAIR images
References: Odense Universitetshospital, Radiologisk Afd.



Page 3 of 29

Fig. 2: Appearance of low-grade glioma on contrast-enhanced T1 weighted images.
References: Odense Universitetshospital, Radiologisk Afd.

• Heterogeneous group of central nervous system tumors classified by the
World Health Organization as grade I and II [1].

• Typically affect younger, otherwise healthy individuals [1].
• Slow-growing tumors, which can cause few or no neurological deficits [1].
• Have the potential for infiltrative growth and malignant transformation [1-2].

Management strategies: "watchful expectation" vs." preventive action"

• Traditionally, the preferred management strategy of LGG has been
one of watchful expectation, especially in young patients with few or no
neurological deficits [1].

• Based on the young age and long overall survival of LGG patients, as well
as the impact of treatment-related complications on the patients' quality of
life [1].

• The risk of surgery-acquired neurological deficits is higher when the tumor is
located in the proximity of eloquent cortex areas.

• This approach is now being challenged by the mounting new evidence
supporting early radical surgical treatment, both as a means of preventing
malignant transformation and ensuring precise tumor grading [1-2].

• Active management is also supported by the latest developments and
increased clinical availability of non-invasive brain mapping techniques such
as fMRI, which improve surgical performance and ensure that the benefits of
extensive resection outweigh the risks of postoperative deficits [2-4].
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fMRI: outline of basic concepts

• Based on the blood oxygenation level-dependent (BOLD) effect - the
hemodynamic changes occurring with neuronal activation.

• The BOLD effect can be explained as follows [5]:

Table 1: Physical and physiological principles underlying BOLD contrast.
References: - Odense/DK

• Task-based fMRI studies are most commonly used in clinical practice [4].
• Employ an experimental paradigm where blocks of baseline and active

conditions alternate during the performance of a specific task, designed to
activate the brain functional area of interest [4].

• A rapid series of MR images is acquired simultaneously and each voxel in the
image is automatically analyzed to detect potential differences in signal level
between images acquired during baseline and active conditions [5].

• Those pixels that show a significant correlation with the stimulus (i.e. signal
increases during active conditions and decreases again during baseline
conditions) are thresholded at a certain p or T value and displayed in color on a
separately acquired anatomical MR image as areas activated by the stimulus
[4-5].

fMRI: use in the clinical setting
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• Useful tool, providing valuable information about the unique functional brain
architecture of each patient and the ways in which it is affected by the presence
of a mass lesion [6].

• Non-invasive alternative to direct cortical stimulation (DCS) and the Wada
test, which are currently considered golden standard procedures for functional
brain mapping and establishing language lateralization [6].

• Can be performed preoperatively and used to assess risk when the tumor is
located in eloquent cortex areas [6].

• Identifies the patients who require additional intraoperative brain mapping [6].
• Helps guide intraoperative awake mapping, thus making it more time-efficient

[6].
• Can be combined with diffusion tensor imaging (DTI) data to evaluate tumor

displacement/invasion of white matter tracts [4, 6].
• Good correlation (88-100%) has been reported between fMRI and

intraoperative mapping with respect to both sensitivity and specificity when
assessing the motor cortex [4].

• fMRI has showed > 90% agreement with the Wada test with respect to
determining hemispheric language lateralization [4].

fMRI: limitations

• fMRI offers an indirect measure of neuronal activation by detecting signal
changes due to the BOLD effect [4, 6].

• Factors that distort BOLD signal - mass effect and tumor infiltration,
the presence of large draining veins which concentrate BOLD signal
downstream from the activated area - decrease spatial accuracy and
influence fMRI results [4, 6].

• The T2* weighted images used to detect susceptibility changes caused by
variations in blood oxygenation are particularly sensitive to artifacts [4, 6].

• Patient motion can further degrade fMRI data quality and both obscure and
mimic real activation [6].

• fMRI displays all areas of activation, but cannot discriminate between
regions that are essential for the performance of a task and those that play a
supportive role [4, 6].

• fMRI offers no information on white matter tracts - a limitation that can be
overcome by combining fMRI and DTI [4, 6].

• Measuring the distance between the eloquent brain regions pinpointed by
fMRI and tumor margins can be used as predictor of postoperative deficit
risk [4].

Images for this section:
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Fig. 1: Appearance of low-grade glioma on FLAIR images

© Odense Universitetshospital, Radiologisk Afd.

Fig. 2: Appearance of low-grade glioma on contrast-enhanced T1 weighted images.

© Odense Universitetshospital, Radiologisk Afd.
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Table 1: Physical and physiological principles underlying BOLD contrast.

© - Odense/DK

Table 2: Scan parameters

© - Odense/DK
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Findings and procedure details

• Patients diagnosed with low-grade gliomas located in eloquent brain areas
undergo fMRI prior to surgery. In some cases, patients are referred for fMRI
postoperatively, to assess the risks of further resection.

• The exams are performed on a 3T MR system using a conventional 15
channel head coil.

• BOLD contrast axial images are acquired using a T2* weighted single-shot
echo planar imaging (EPI) sequence.

Table 2: Scan parameters
References: - Odense/DK

• Block design paradigms consisting of 9 blocks of alternating control and active
tasks are used to assess motor, language or visual function.

Silent word generation and finger tapping paradigms are included in the exam
to pinpoint Broca and motor cortex areas. Language comprehension and
visual tasks can be added to visualize Wernicke's area or the visual cortex.

• DTI is used to map nerve tract course relative to the tumor.

Mapping the motor cortex
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Fig. 3: 79 years old female patient with a cystic lesion in the proximity of the
motor cortex; fMRI (finger tapping with the left hand) pinpoints the location of
the primary motor cortex relative to the lesion (measured at about 3 mm from the
lesion's lateral border and 5 mm from its posterior border). Based on the fMRI
results, it is decided to follow the patient with periodic MRI scans.
References: Odense Universitetshospital, Radiologisk Afd.
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Fig. 4: 36 years old male with low-grade glioma located in the right hemisphere, close
to the precentral gyrus; fMRI (left hand finger tapping) shows that the primary motor
cortex lies 8-10 mm from the lesion; the secondary motor cortex is assessed to lie
medially in close relation to the tumor. Subsequently, the patient undergoes surgery,
guided by awake intraoperative mapping.
References: Odense Universitetshospital, Radiologisk Afd.
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Fig. 5: DTI fiber tracking shows white matter tract displacement by tumor in 36 years
old male patient with low-grade glioma.
References: Odense Universitetshospital, Radiologisk Afd.

Fig. 6: DTI fiber tracking image of the same 36 years old patient with low-grade
glioma. Coronal reconstruction.
References: Odense Universitetshospital, Radiologisk Afd.
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Fig. 7: DTI fber tracking of the above-mentioned 36 years old low-grade glioma
patient. Axial view.
References: Odense Universitetshospital, Radiologisk Afd.



Page 13 of 29

Fig. 10: 28 years old female patient, referred for fMRI after resection of right
frontal low-grade glioma; follow-up MRI scan subsequently showed signs of tumor
progression. Finger tapping (left hand illustrated in the image) was used to assess the
location of the primary and secondary motor cortices relative to the tumor.
References: Odense Universitetshospital, Radiologisk Afd.
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Fig. 11: Fiber tracking is used to visualize the location and assess potential
involvement of the corticospinal tract by the tumor in the above mentioned female
patient with low-grade glioma.
References: Odense Universitetshospital, Radiologisk Afd.

Assessing language lateralization



Page 15 of 29

Fig. 12: 28 years old female patient, who has undergone surgery for a right frontal low-
grade glioma, is referred for fMRI with a view to establishing hemispheric language
lateralization prior to renewed tumor resection. fMRI shows left hemispheric language
dominance.
References: Odense Universitetshospital, Radiologisk Afd.

Mapping the visual cortex
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Fig. 8: 53 years old male patient with a low-grade glioma in the right
temporooccipital lobe; the patient becomes a candidate for surgery after the
tumor shows signs of progression and malignant transformation on the latest
control MRI scan; the patient is referred for fMRI as part of the presurgical
evaluation.
References: Odense Universitetshospital, Radiologisk Afd.
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Fig. 9: DTI used in conjunction with fMRI to assess the visual cortex and associated
white matter tracts.
References: Odense Universitetshospital, Radiologisk Afd.

Images for this section:
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Table 2: Scan parameters

© - Odense/DK
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Fig. 3: 79 years old female patient with a cystic lesion in the proximity of the motor cortex;
fMRI (finger tapping with the left hand) pinpoints the location of the primary motor cortex
relative to the lesion (measured at about 3 mm from the lesion's lateral border and 5 mm
from its posterior border). Based on the fMRI results, it is decided to follow the patient
with periodic MRI scans.

© Odense Universitetshospital, Radiologisk Afd.

Fig. 4: 36 years old male with low-grade glioma located in the right hemisphere, close to
the precentral gyrus; fMRI (left hand finger tapping) shows that the primary motor cortex
lies 8-10 mm from the lesion; the secondary motor cortex is assessed to lie medially
in close relation to the tumor. Subsequently, the patient undergoes surgery, guided by
awake intraoperative mapping.

© Odense Universitetshospital, Radiologisk Afd.
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Fig. 5: DTI fiber tracking shows white matter tract displacement by tumor in 36 years old
male patient with low-grade glioma.

© Odense Universitetshospital, Radiologisk Afd.
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Fig. 6: DTI fiber tracking image of the same 36 years old patient with low-grade glioma.
Coronal reconstruction.

© Odense Universitetshospital, Radiologisk Afd.
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Fig. 7: DTI fber tracking of the above-mentioned 36 years old low-grade glioma patient.
Axial view.

© Odense Universitetshospital, Radiologisk Afd.
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Fig. 8: 53 years old male patient with a low-grade glioma in the right temporooccipital
lobe; the patient becomes a candidate for surgery after the tumor shows signs of
progression and malignant transformation on the latest control MRI scan; the patient is
referred for fMRI as part of the presurgical evaluation.

© Odense Universitetshospital, Radiologisk Afd.
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Fig. 9: DTI used in conjunction with fMRI to assess the visual cortex and associated
white matter tracts.

© Odense Universitetshospital, Radiologisk Afd.
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Fig. 10: 28 years old female patient, referred for fMRI after resection of right frontal
low-grade glioma; follow-up MRI scan subsequently showed signs of tumor progression.
Finger tapping (left hand illustrated in the image) was used to assess the location of the
primary and secondary motor cortices relative to the tumor.

© Odense Universitetshospital, Radiologisk Afd.
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Fig. 11: Fiber tracking is used to visualize the location and assess potential involvement
of the corticospinal tract by the tumor in the above mentioned female patient with low-
grade glioma.

© Odense Universitetshospital, Radiologisk Afd.
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Fig. 12: 28 years old female patient, who has undergone surgery for a right frontal
low-grade glioma, is referred for fMRI with a view to establishing hemispheric language
lateralization prior to renewed tumor resection. fMRI shows left hemispheric language
dominance.

© Odense Universitetshospital, Radiologisk Afd.
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Conclusion

fMRI offers a valuable non-invasive alternative to more invasive brain mapping
techniques such as direct cortical stimulation and the Wada test.

fMRI can be used to assess preoperative risk, identify patients where intraoperative
mapping is necessary and offers an indication of whether the benefits of further resection
outweigh the risk of inducing disabling deficits.

Its relative newness and the various limitations related to the imaging technique and the
physiological principles at the core of fMRI prevent it from being used as the sole modality
for mapping eloquent brain areas.
However, fMRI has been able to answer many questions of importance for the
preoperative evaluation and management of LGG.

On the whole, fMRI has demonstrated its clinical utility by pinpointing the location of
eloquent brain areas relative to a brain lesion. Furthermore, it has influenced the operative
strategy and helped offer an individually tailored treatment to LGG patients at our
institution.

Personal information
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