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Outline
1. The NIH has probably the largest concentration of resources for MRI method 

development and application to neuroscience in the world
§ Functional MRI Facility
§ In-vivo NMR Facility/Mouse Imaging Facility
§ Scientific Statistical Computing Core
§ Neurophysiological Imaging Facilty
§ MEG
§ Scientific Instrumentation Branch
§ etc

2. Because of the scale, it is not easy to understand  all the resources that are 
available or the range of MRI studies that get carried out at the NIH

3. Some examples of some of the advanced/interesting MR methods and studies that 
are or have been carried out at NIH from 20 investigators (a work in progress)



fMRI Studies at the NIH..
•Epilepsy   Methods – FMRI,  MRS, DTI
•Visual processing  Hardware – Coils, receivers
•Mood disorders  Pulse sequences
•Learning   Pre and Post-processing
•Genetics   Contrast agents/particles etc
•Plasticity/Recovery
•Motor Function
•Auditory processing
•Attention
•Language
•Speech
•Stroke
•Social Interaction
•Development
•Aging



All papers involving MRI from Bethesda



Since 2000:

750+ Papers

h-index = 100+

total citations = 40,000+

Somewhat more manageable 
Papers produced through FMRIF
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Methodology

Interpretation Applications

Technology
Coil arrays
High field strength
High resolution
Novel sequences

Paradigm design
Univariate / Multivariate
Multi-modal integration
Real time feedback
Classification

Fluctuations 
Dynamics
Functional Resolution

Healthy Brain Organization
Clinical Research
Clinical Applications



Actively-shielded 7T MRI

32-channel head coil
 

v  Actively shielded, body gradient 
v  Sub-mm anatomical (T1, T2)
v  EPI (0.8 – 1.6mm^3)

 

7T MRI (FMRIF) – Arrive 2010/ 2011  scanning begins
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1985-1990
• 1987 – NMRF Center Opens (Instigator: Ted Becker /Director:David Hoult)

• 1988 – David Hoult hires Bob Turner

• 1989 – Bob Balaban publishes magnetization transfer paper

• 1989 -  Bob Turner & LeBihan implements DW-EPI on 1.5T

• 1989 – Harold McFarland – first  longitudinal MS protocol (Original protocol 
still recruiting subjects for Neuroimmunology (Reich))





1991-1995

1991 – Judy Rapoport and Jay Giedde begin longitudinal pediatric study of normal brain 
development.

1992 – 4T installed in NHLBI in NMRF (Turner hired by Bob Balaban)

1992 – First successful FMRI @ NIH 

1992 – Peter Basser publishes first DTI paper

1992 – Bandettini and Wong et al publish BOLD-EPI finger-tapping experiment 
(same year as Kwong et al and Ogawa et al)

1995 – Plasticity/Motor learning FMRI (Ungerleider/Turner) 



Judy Rapoport/Childhood Psychiatry
• Early studies of brain development
• Longitudinal studies of childhood onset schizophrenia

Longitudinal MRI, genomics



Jay Giedde (working with Judy Rapoport)
• Longitudinal MRI studies of normal brain development in  children

PROMO, longitudinal



Leslie Ungerleider/Neurocircuity Section
• Early FMRI adopter
• Functional architecture of perceptual and attentional systems
• Functional anatomy of face processing
• Primate imaging/anatomical studies
• Combining TMS and fMRI

• H

Use: eye tracking, TMS
Primate FMRI



1996-2000
1997 – Ungerleider, Haxby, Martin – Vision, attention, FFA etc

1999 – Koretsky hired to run NMRF

1999 – Peter Bandettini hired to run newly established Functional MRI 
Facility (NIMH/NINDS)

1999 – Delivery of first commercial 3T (GE/VHi) MRI system to FMRIF

2000 – Routine scanning begins on FMRIF 3T



Jeff Duyn/Advanced MRI (Methods development)
• Imaging methods/technology especially parallel imaging
• Magnetic susceptibility contrast imaging – mechanisms & applications
• Physiological basis of spontaneous brain activity
• pulse sequences and techniques esp for UHF imaging (7T & 11.7T)

• High-field MRI of brain cortical substructure based on signal phase, Duyn, J.H. et al (2007) PNAS
• Low-frequency fluctuations … as a source of variance in the resting-state fMRI BOLD signal  Shmueli, K. etal  (2007) NeuroImage
• Susceptibility contrast in high field MRI of human brain as a function of tissue iron content Yao, B. et al (2009) NeuroImage, 44 (4)
• Layer-specific variation of iron content in cerebral cortex as a source of MRI contrast, Fukunaga, M et al (2010) PNAS

Use: EEG/MRI, 
eye tracking (7T),
custom pulse seq&recon



Parallel imaging -16 channel coil for 3T



Mark Hallett/Human Motor Control Section
• Evaluating motor disorders with FMRI, rsMRI, MRS 
• FMRI neurofeedback  / treating movement disorders
• Motor learning in dystonia and healthy controls

• Voon et al, Dopamine and impulse control Use: eeg/fmri, RT-feedback
stimulators, force-measurement



Alex Martin/Section on Cognitive Neuropsychology
• Object and category  semantic representation in cortex
• Representation of social network information in normals & autistics

• Gotts S J et al. Brain 2012;135:2711-2725
Use: gustatatory input, speech output 
(noise cancelling microphone, etc)





Peter Bandettini/Functional Imaging Methods
• Maximizing information that can be extracted from FMRI time series
• Multi-echo EPI for improved fMRI & rs-fMRI clustering
• Mass averaging reveals widespread BOLD activation
• Understanding rsFMRI mechanisms and confounds
• Information mapping/decoding FMRI 



Separating respiratory-variation-related fluctuations from neuronal-
activity-related fluctuations in fMRI (Birn et al)



Karen F. Berman / Section Integrative Neuroimaging

• Developmental neuropsychiatric disorders
• Genetics of social cognition(esp. Williams Syndrome)
• Multi-modality imaging

Williams syndrome chromosome ...hypersocial, anxious personality… altered insula structure….. Jabbi M, Kippenhan JS et al, . Proc Natl Acad Sci U S A. 2012 
Variation in dopamine genes influences responsivity of the human reward system. Dreher JC et al,. Proc Natl Acad Sci U S A. 2009 
Neural correlates of genetically abnormal social cognition in Williams syndrome. Meyer-Lindenberg A et al Nat Neurosci. 2005 
Human dorsal and ventral auditory streams subserve rehearsal-based and echoic processes during verbal working memory. Buchsbaum et al,  Neuron. 2005 

Use: eye-tracking, auditory
In young children



From Berman Group:. Nature Reviews Neuroscience 7, 380–
393 (May 2006)



2001-2005
2001-2003 – Mood and Disorder PI’s (Pine, Leibenluft, Grillon, Shen 
Zarate/Drevets)

2002-2003 – Expansion of FMRIF (3T-2) 
2003-2004 – Purchase/installation  of unshielded 7T

2002-2004 – Custom-built 16 channel coil and receiver project (Duyn, 
Bandettini) demonstrating utility of multi-channel coil at 3T for FMRI



(Short) History of fMRI and Brain MRI 
at NIH

1. Development of MRI at NIH
• In-Vivo NMR Center (established 1988)

2. Early FMRI studies in animals (Bob Turner, 1987)
3. Initial human functional studies (4T 1993)
4. Key developments from NIH MRI researchers

• DTI 
• High-field imaging (4 Tesla, 7 Tesla and now 11.7T )
• Magnetization Transfer
• Perfusion imaging (ASL)
• Large scale longitudinal studies of brain development
• Imaging genomics
• FMRI/BOLD
• Decoding/Multivoxel Pattern Analysis
• High resolution anatomical imaging  
• Real-time FMRI / analysis Software



Resources for MRI - Human
1. NIH MRI Research Facility (NMRF)

• 3T-Siemens-Skyra (Sep 2011)
2. FMRIF (NIMH & NINDS – 470 hrs/week of scan time)

• 2 x 3T GE HDx
• 1 x 3T-GE-mr750 (June 2011)
• 1 x 3T-Siemens-Skyra (Sep 2011)
• 7T Siemens/Magnex (Jan 2011)

3. NINDS/NIMH 
• 11.7T Siemens/Magnex (world’s first 2011-2012)

4. Clinical Center ( Radiology & Imaging Sciences, TBI)
• 2 x 3T & 1.5T Philips & 3T Siemens 
• 3T-Siemens Biograph (MR/PET)

5. NHLBI (Cardiac)
• Multiple 3T Siemens Scanners NCI
• 3T Phillips 

• Etc



Jun Shen/ MRS Section
• MRS methods development, especially 13C
• 13C / GABA / Glu quantification 

(use: everything MRS)

Sue Swedo/Developmental Pediatrics
• Phenotyping autism and related disorders using MRI
• Longitudinal MRI of infants at risk for autism

Use: everything infant, T1 mapping



Daniel Pine/ Developmental &Affective Neuroscience
• fMRI studies  pediatric  & adolescent  anxiety
• Fear and threat processing in adolescent patient groups

• High-field MRI of brain cortical substructure based on signal phase, Duyn, J.H. et al (2007) PNAS
• Low-frequency fluctuations … as a source of variance in the resting-state fMRI BOLD signal  Shmueli, K. etal  (2007) NeuroImage
• Susceptibility contrast in high field MRI of human brain as a function of tissue iron content Yao, B. et al (2009) NeuroImage, 44 (4)
• Layer-specific variation of iron content in cerebral cortex as a source of MRI contrast, Fukunaga, M et al (2010) PNAS

Use: eye tracking, skin conductance



Ellen Leibenluft/Bipolar Disorders
• Brain mechanisms in childhood bipolar 
• FMRI of adolescents with severe irritability

• Cross-sectional & longitudinal abnormalities in brain structure in children with SMD or BD (Adelman et al, 2012)
• Amygdala activation during emotion processing of neutral faces in children with severe mood dysregulation versus 

ADHD or bipolar disorder (Brotman et al, AM. J Psychiatry, 2010)



Christian Grillion/Neurobiology of Fear and Anxiety
• Phasic and sustained threat 
• Electric shock in the magnet
• Virtual reality and FMRI

• H



James Blair/Affective Cognitive Neuroscience
• FMRI studies of children with conduct disorders
• Emotional dysfunction and childhood behavioral disturbance
• Decision making in psychpathological 

• Reduced amygdala–orbitofrontal connectivity during moral judgments in youths with disruptive 
behavior disorders and psychopathic traits (



2006-2010

2006-2007 – 3T-1 replaced by 3T-A & 3T-B

2010 – Upgrade of 3T-C to mr750 platform



Chris Baker/Unit on Learning and Plasticity
• Object, face and body representations in the human brain/task effects
• Neural basis of visual object learning/
• Interaction between bottom-up & top-down processing
• Engaged in debate on circularity artifacts / 7T methods

• Circular analysis in systems neuroscience: the dangers of double dipping. Kriegeskorte, N.,  et al (2009) Nature neuroscience, 
• A new neural framework for visuospatial processing  Kravitz, D.J.,  et al (2011) Nature Reviews Neuroscience, 
• Real-world scene representations in high-level visual cortex: It's the spaces more than the places  Kravitz, D.J., et al (2011) Journal of Neuroscience, 
• Goal-dependent dissociation of visual and prefrontal cortices during working memory  Lee, S.-H., Kravitz, D.J., Baker, C.I. (2013) Nature Neuroscience, . 

Use: 7T, decoding
Auditory/7T, 
Lower limb response



Single-item Single-event



Phil Shaw/NHGRI Neurobehavioral Unit 
• Longitudinal studies of brain development in youths with ADHD 
• CPB Alumnus / Well known studies of brain development & IQ etc
• Cortical development trajectories

• Intellectual ability and cortical development in children and adolescents , Shaw, P., et al  (2006) Nature, 440 (7084), pp. 676-679.
• Attention-deficit/hyperactivity disorder is characterized by a delay in cortical maturation Shaw, P.,  et al  (2007) PNAS
• Neurodevelopmental trajectories of the human cerebral cortex   Shaw, P., et al,  (2008) Journal of Neuroscience
• Longitudinal mapping .. children and adolescents with ADHD, Shaw, P.,  et al,  (2006) Archives of General Psychiatry, 63 (5), pp. 540



Thalamic and cortical activity 
evoked by heat pain in the 
alternating warm/pain task. 

Chantal Villemure, and M. Catherine Bushnell J. Neurosci. 
2009;29:705-715

©2009 by Society for Neuroscience

Catherine Bushnell/NCCAM 
• Recruited from McGill in 2013
• Pioneer in imaging studies of pain perception and cognition

Uses: thermal pain stimulator
Analgesics, GSR



Leonardo Cohen/Human Cortical Physiology Section
• Brain Plasticity/Stroke Recovery / Cortical reorganization (using MRS)
• Therapy using brain stimulation (TMS, tDCS)
• Effects of reward on motor learning

• Neural Substrates of Intermanual Transfer of a Newly Acquired Motor Skill Perez, M.A.,  et al, (2007) Current Biology, 17 (21), pp. 1896
• Effects of different viewing perspectives on somatosensory activations during observation of touch Schafer, Mi(2009) Human Brain Mapping, 30 (9), pp. 2722
• Functional neuroanatomy of mirroring during a unimanual force generation task Sehm, B., et al(2010) Cerebral Cortex, 20 (1), pp. 34

Use:TMS, MRS



Eric Wasserman/Behavioral Neurology Unit
• FMRI Studies of brain stimulation (TMS / tcDCS)
• Validating  NIRS with  FMRI 
• Interventional studies of neural plasticity with tcDCS

Use: TMS, tDCS, NIRS



Carlos Zarate/Experimental Therapeutics
• Multimodal studies of fast-acting glutamatergic antidepressants
• Functional MRS 
• High resolution studies of hippocampal structures linked to MDD

Use: High-res 7T anatomy
fMRS,





2011-2015

2011 – Self-shielded semi-clinical Siemens  7T-830/AS Magnetom instaled 
and becomes operational

2011 – 1.5T GE replaced by Siemens Skyra 3T

2012 – 11.7T gets to field (& quenches)

2015 – NIAAA Siemens Magnetom Prisma (NIMH & NINDS 25% time each)

2015 – upgrade of 3T-A/3T-B (!)



Danny S Reich/Translational Neuroradiology Unit
• Imaging parechymal  venules and their relationship to MS lesions
• Novel methods for quantitative imaging of  myelin with T2*susceptibility 
• Using DTS to image axonal damage in patients with MS
• High resolution studies of MS at 7T

• Dynamics of lesion enhancement measured at 7T / Gaitán M I et al  Mult Scler 2012;19:1068-1073

Use: custom pulse sequences,
contrast injection, ex-vivo tissue



Benefits of 7T MRI

increase in image resolution and contrast
Healthy, T2*w, 0.2 x 0.2 x 1mm



minimum intensity projection (minIP)

high level of details  (ex: study of cerebral vasculature) (Sati)

Benefits of 7T MRI

Healthy, T2*w, 0.2 x 0.2 x 1mm



Cortex imaging with 7T MRI

7T @NIH

in-plane resolution = 200 µm x 200 µm

MS patient, T2*w, 0.2 x 0.2 x 1mm



MP2RAGE AT 7T

Forstmann et al, Scientific Data



High-resolution FMRI at 7T

High-res 7T: 0.58 x 0.58 x 0.58 mm3  = 0.2 mm3

High-res 3T: 1 x 1 x 1 mm3  = 1 mm3

Conventional 3T: 3 x 3 x 3 mm3  = 27 mm3
(FMRIB/Karla Miller)

7T FMRI





Conclusion:



1. NIH MRI Research Facility (NMRF) & Mouse Imaging Facility
• Multiple small animal magnets (4.7T,  7T Bruker, pharmascan)

2. Neurophysiology Imaging Facility  (NIMH/NINDS/NEI)
• dedicated 4.7T vertical bore primate

3. LFMI/NINDS
• 7T Bruker (marmoset, rodent)
• 11.7T Bruker (rodent, small animal)

Other MRI facilities at NIH  
  (dedicated animal) 



Dynamic BOLD MR Measurements in Cats

Turner R, Le Bihan D, Moonen CT, Despres D, Frank J “Echo-planar time 
course MRI of cat brain oxygenation changes”  Magn Reson Med. 1991 
Nov;22(1):159-66

Abstract: When deoxygenated, blood behaves as an effective susceptibility 
contrast agent. Changes in brain oxygenation can be monitored using 
gradient-echo echo-planar imaging. With this technique, difference images 
also demonstrate that blood oxygenation is increased during periods of 
recovery from respiratory challenge.







Dynamic mapping of human cortical development during childhood 
through early adulthood (Gogtay et al. PNAS 2004)



Published by AAAS

J. V.  Haxby et al.,  Science  293, 2425 -2430 (2001)    



Published by AAAS

J. V.  Haxby et al.,  Science  293, 2425 -2430 (2001)    





Representation of animate vs. inanimate stimuli in the brain.

Bell A H et al. J Neurophysiol 2009;101:688-700

©2009 by American Physiological Society







Helpful people
§ FMRIF staff (Mostly data acquisition)

§ Souheil Inati, Sean Marrett, Adam Thomas,  Vinai Roopchansingh
§ NMRF staff

§ Lalith Talagala, Joelle Sarlis 
§ SSSC (Design and analysis)

§ Bob Cox, Ziad Saad, Gang Chen, Rick Reynolds, Daniel Glen
§ Scientific Instrumentation Branch (George Dold, Daryl Bandy)



Comparison of two groups of normal individuals with differences in the Serotonin Transporter Gene



Effect of COMT genotype on fMRI activation during the two-back working memory task.

Egan M F et al. PNAS 2001;98:6917-6922

©2001 by The National Academy of Sciences



GCAP



Clinical applications
Daniel Pine – clinical/develop/anxiety

Ellen Leibenluft – clinical/child bipolar/

James Blair – clinical

Christian Grillon – fear conditioning
Chris Baker – (7T) plasticity/visual perception
Sue Swedo – developmental
Carlos Zarate – clinical/depression/therapy
Leonardo Cohen – plasticity/clinical
Daniel Reich,M.D – (7T) clinical/MS 
William  Theodore clinical/epilepsy
Eric Wasserman – Methods TMS/NIRS

Technical Innovations
Jeff Duyn (parallel receive, 

 susceptibility phase imaging)
Jun Shen – methods/MRS

Early Technical Innovators
Bob Balaban (MT / CEST) NHLBI - 1989
Bob Turner (EPI/FMRI) NHLBI - 1991
Peter Basser (DTI) NICHD - 1992
Peter Bandettini (FMRI) - 1992

Early Adopters – Clinical/Longitudinal
Jay Giedd – pediatric developmental/clinical
Judy Rapoport – clinical/development
 1991
Henry McFarland – clinical/longitudinal, MS
 1989
Karen Berman – imaging genetics

Early Adopters – FMRI 
Leslie Ungerleider – vision, visual attention 
 1995
Alex Martin – representation of knowledge
` 1997
Allen Braun – cross-modal plasticity,
 deafness
Mark Hallet – clinical/movement disorders



NINDS 
Leonardo Cohen – plasticity/clinical
Jeff Duyn - methods
Mary K. Floeter – clinical/spinal
Mark Hallet – clinical/movement disorders
?John Park
Daniel Reich,M.D clinical/MS (7T)
William  Theodore clinical/epilepsy
Eric Wasserman – Methods TMS/NIRS
NICHD 
Peter Basser - Methods
NIDCD
Allen Braun - Cognitive
NHGRI
Phil Shaw – Clinical/Developmental ADHD
NCCAM
Catherine Bushnell - Pain

NIMH 
Bruno Averback – Plasticity/reward
Chris Baker – plasticity/visual perception
Peter Bandettini - methods
Karen Berman – clinical
James Blair - clinical
Jay Giedd – developmental/clinical
Christian Grillon – fear conditioning
Ellen Leibenluft – clinical/child bipolar/
Alex Martin – clinical/autism/ cognitive
Daniel Pine – clinical/develop/anxiety
Jun Shen – methods/MRS
Sue Swedo - developmental
Leslie Ungerleider – cognitive/
Daniel Weinberger – clinical (?)
Carlos Zarate – clinical/depression/therapy



Topography of cortical lesions with 7T MRI

T1w, 0.7 mm isotropic

48-year-old SPMS, EDSS 6.5 and disease duration 18 years 





MP2RAGE AT 7T

Forstmann et al, Scientific Data



High-resolution FMRI at 7T

High-res 7T: 0.58 x 0.58 x 0.58 mm3  = 0.2 mm3

High-res 3T: 1 x 1 x 1 mm3  = 1 mm3

Conventional 3T: 3 x 3 x 3 mm3  = 27 mm3
(FMRIB/Karla Miller)

7T FMRI


