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• Introduction of fMRI and clinical fMRI

• Implementation of fMRI in the clinic

• Challenges and opportunities

Disclosure

Introduction Implementation          Challenges/Opportunities

fMRI: Functional Brain Mapping using MRI

Belliveau, Science, 1991 Language fMRI with DTI fiber trackingMotor fMRI

BOLD‐based fMRIPerfusion‐based fMRI
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Disclosure

Ogawa et al., PNAS, 1990; MRM, 1990

Inhalation of 
pure O2

Inhalation of 
normal air

Oxyhemoglobin: Diamagnetic
Deoxyhemoglobin: Paramagnetic

Introduction Implementation          Challenges/Opportunities

DisclosureBOLD fMRI w/ T2*‐weighted GRE‐EPI

Kwong et al., PNAS, 1992

Echo Planar Imaging

Figure adopted from Haacke et al., 1st Ed, 1999

Introduction Implementation          Challenges/Opportunities
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fMRI in the Clinic
• Current Procedural Terminology (CPT) Codes

o 70554: …functional MRI; including …repetitive body part movement and/or visual 
stimulation, not requiring physician or psychologist administration

o 70555: …functional MRI; requiring physician or psychologist administration of entire 
neurofunctional testing

o 96020: Neurofunctional testing selection and administration during …functional brain 
mapping, with test administered entirely by a physician or psychologist, with ….

• ACR‐ASNR‐SPR Practice Parameter (rev. 2017)

Disclosure

Introduction          Implementation Challenges/Opportunities

Implement a clinical fMRI program

It’s a Team work:
o Neurosurgeon
o Neuroradiologist
o Neuropsychologist
o Specialized Technologist
o Physicist

Echo Planar Imaging
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DisclosureNeed special hardware/software

LiuHL/091505/廣州

• Real‐time fMRI

• Post‐processing:
o Vendor software
o FDA‐cleared 3rd

party software
o Research 

software (AFNI, 
FSL, SPM etc.)

Introduction          Implementation Challenges/Opportunities

Clinical fMRI Paradigms

• Blocked design is more common for clinical fMRI
• Need to provide patient w/ proper instruction and training
• Block duration: 10 ‐ 30 s
• Number of cycles: 3 ‐ 6
• Task block:

o Motor: hand, toe, tongue ...
o Visual: checkerboard stimulation …
o Speech: word generation, letter fluency, sentence completion …

• Control block: 
o fixation, visual, motor …

Introduction          Implementation Challenges/Opportunities
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DisclosureParadigm Examples: Motor

15 s 15 s

Introduction          Implementation Challenges/Opportunities

Disclosure

20 s 20 s
S T L C M A

Paradigm Examples: Language

Silent Word Generation

Sentence Completion

Introduction          Implementation Challenges/Opportunities
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Introduction          Implementation Challenges/Opportunities

Image Acquisition
• Typical fMRI protocol at 3T:

o Single‐shot GRE‐EPI
o TR = 2‐3 s (<=2s for er‐ and rs‐)
o TE = 25‐35 ms
o FA = 70‐900

o matrix size = 64‐128 (w/ PI)
o in‐plane resolution = 2‐4 mm
o slice thickness = 3‐5 mm
o 25‐45 slices
o dynamics = 60‐150
o scan time = 3‐5 min

Introduction          Implementation Challenges/Opportunities
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DisclosurefMRI data analysis
• Data pre‐processing

o Motion correction

o (Slice timing correction)

o (Spatial normalization)

o Spatial smoothing

o (Temporal filtering)

• Activation maps: statistical analysis I
o Correlation/GLM analysis

o Thresholding (intensity / cluster size)

• Group analysis: statistical analysis II
o Voxel‐based analysis

o ROI analysis

• Data reporting and visualization

Introduction          Implementation Challenges/Opportunities

DisclosurefMRI QC Testing: System Stability

Weisskoff, MRM, 1996; Friedman & Glover, JMRI, 2006
AAPM Report #100 suggests c.v. < 0.25%

1 voxel, c.v. = 0.46%

3x3, c.v. = 0.22%

Radius of decorrelation 
(RDC) = CV(1)/CV(Nmax)

Scan a uniform phantom for ~ 10 mins

Introduction          Implementation Challenges/Opportunities
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Disclosure
• Reducing post‐operative deficits
• Maximizing tumor resection
• Guiding intra‐operative functional mapping

Presurgical fMRI has been proven helpful to the clinic:

Introduction          Implementation          Challenges/Opportunities

Disclosure

Introduction          Implementation          Challenges/Opportunities

Agreement with intraoperative stimulation
/Specification to eloquent areas is task‐dependent

Image courtesy of Sujit Prabhu, M.D.

• Task‐fMRI performs well for motor mapping
• For speech‐fMRI, agreement with direct cortical stimulation is moderate.
• Task in general will activate more areas than eloquent cortices.

Sensitivity = 67%
Specificity = 55%

Weng, Radiology, 2018
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After 
adjustment

Automated 
registration

Functional/structural image registration

• Limited by Spatial resolution and distortion of the echo planar image

R

CM: Coordinate matching
AR: Automated registration
ARadj: AR with manual adjustment

Jen, Med Phys, 2018

Susceptibility artifact:
‐ Image distortion
‐ Signal loss

Introduction          Implementation          Challenges/Opportunities

Head Motion: A common 
source of fMRI failure

• Random motion: False negative

• Task‐correlated motion: False positive

Introduction          Implementation          Challenges/Opportunities
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Statistical Threshold: 
A challenge for 
individual  fMRI 

• Statistical threshold is about 
confidence.
– Sensitivity vs. Specificity

• Correction for multiple comparison 
adds another layer of complexity.

Introduction          Implementation          Challenges/Opportunities

Disclosure

Pillai & Mikulis, AJNR, 2015

Zaca, JMRI, 2014

Neurovascular Uncoupling can cause False Negative fMRI results

Introduction          Implementation          Challenges/Opportunities
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Patient’s Ability and Performance

• Task‐based fMRI fails in 30‐40% of patients 
indicated for presurgical functional mapping. 

Leuthardt et al., 2018

Patient X has moderate to severe aphasia … 
While receptive language is better than 
expressive, his comprehension breaks down for 
more complex tasks...verbal fluency was very 
poor (1‐3 words per 1 minute trials), … so his 
fMRI may be impacted…

Introduction          Implementation          Challenges/Opportunities

Opportunity: Standardization

Claim 1: If X,Y,Z is the measured location of the weighted center‐of‐mass of a 
single focus of fMRI hand motor activation (wCMA), then the 95% confidence 
interval for the X,Y,Z of the true wCMA is +/‐5mm in any direction (Euclidean 
distance, assuming no systematic bias). 

http://qibawiki.rsna.org/images/b/b8/QIBA_fMRI_Profile_1_PC‐rev1.pdf

(Stage 1: Public Comment Profiles)

Introduction          Implementation          Challenges/Opportunities
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Opportunity: Clinical fMRI at Ultrahigh Field (e.g. 7T) 

• Increased SNR and BOLD contrast

o For high spatial resolution & accuracy

o For partial neurovascular uncoupling

o For compromised performance

NeuroImage, 2011

Introduction          Implementation          Challenges/Opportunities

Opportunity: Resting‐state fMRI in the Clinic

Zhang, Neurosurgery, 2009

Biswal, MRM, 1995

Image courtesy of Vince Kumar, M.D.

Introduction          Implementation          Challenges/Opportunities
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Hsu, Front Neuroinform, 2018
Hsu, MRM, 2020

Language fMRI with 
limited patient 
performance

Resting‐state fMRI validated 
w/ intra‐op stimulation

Introduction          Implementation          Challenges/Opportunities

Summary
• BOLD‐fMRI using T2*‐weighted GRE‐EPI can reliably detect brain activations.
• fMRI has become a clinical routine, especially for presurgical evaluation.
• Requirements for fMRI in the clinic:

o Interdisciplinary clinical care
‒ Neurosurgeon, Neuroradiologist, Neuropsychologist, Specialized Technologist, Physicist 

o Patient centered
‒ Paradigm, lesion location, performance, fMRI statistics

o Accurate
‒ Detection and spatial localization

o Reasonable times
‒ Scan time and post‐processing

o Compatible output
‒ Radiology PACS, surgical navigation system




