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OUTLINE

1. MRI and neuroimaging resources 
• Functional MRI Facility
• Scientific Statistical Computing Core / AFNI Galactic HQ

• MEG

• In-vivo NMR Facility/Mouse Imaging Facility

• Neurophysiological Imaging Facilty
• Scientific Instrumentation Branch

2. Some history of brain MRI@NIH and examples of  methods/studies 
developed here

3. Overview of research in FMRIF
4. Postcard presentations of work by selected FMRIF PI’s



OTHER NEUROIMAGING 
RESOURCES@NIH

- Scientific Statistical Computing Core

- In-vivo NMR Facility/Mouse Imaging Facility and Neurophysiological 
Imaging Facilty (NHP) - Building 39  / MRS Core
- Section on Instrumentation
- Data science and sharing team
- Machine learning team
- Biowulf/HPC (3100 nodes/81000 core + GPU Linux cluster)

- 20Pb storage



MEG/MRS/SIMULTANEOUS  EEG/FMRI

R L

- MEG

- MRS • MRS methods development
• 13C / Glu / Gln / GSH (glutathione) quantification 



(F)MRI AT NIH

1. History of developing technology and methods, investigating  contrast 
mechanisms as well as applying standard and cutting edge techniques  

2. Expertise ranging from novel coil design to pulse sequence development  
thru  experimental paradigms to multimodal imaging,   machine learning …

3. Wide array of clinical and basic neuroscience questions being investigated

Not always easy to know everything that is going on and who is doing what. 
Ask us early and ask often if you have questions or ideas



NEUROMODULATION AT NIH
1. Early work (1990s) by Cohen, Hallet, Wasserman and others on 

TMS - developing technology and methods
2. TMS used by many groups in NIMH and NINDS 
3. Non-invasive neuromodulation unit (NNU) establish by Sarah 

Lisanby in 2016
1. NNU now moving/installing simultaneous TMS/FMRI system 

on 3TD



INCOMPLETE  LIST OF SCIENTIFIC 
AND TECHNICAL INNOVATIONS

1. Natural history of multiple sclerosis studied with MRI
2. Functional MRI using EPI / high-field FMRI
3. Diffusion weighted imaging DWI/ diffusion tensor imaging 
4. Longitudinal studies of normal and clinical brain development (and 

analysis)
5. Gradient coil design
6. Practical parallel coil/receiver design 
7. Using multi-echo BOLD and ICA for denoising
8. FMRI decoding/informational mapping
9. Ultra-high field susceptibility-weighted phase imaging
10. Laminar FMRI imaging using CBV at ultra-high field (VASO)



(SHORT) HISTORY OF FMRI AND BRAIN 
MRI AT NIH

1. In-Vivo NMR Center (established 1987)
2. Early FMRI studies in animals (Bob Turner, 1987)
3. Initial human functional studies (4T 1993)
4. Some key developments from NIH MRI researchers
5. Digest of Neuromodulation



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))





Robert Turner – EPI
FMRI/DWI/Hardware



Peter Basser – DTI 



Robert Balaban
(SD NHLBI)

Succesful MRI entrepeneurs at NIH



1991 – Rapoport & Giedde begin longitudinal pediatric study of normal brain 
development.

1992 – 4T installed in NHLBI in NMRF
1992 – First successful FMRI @ NIH 

1992 – Peter Basser publishes first DTI paper 

1995 – Plasticity/Motor learning FMRI (Ungerleider/Turner) 
1997 – Ungerleider, Haxby, Martin – Vision, attention, FFA etc
1999 – Alan 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



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



2011-2018

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

2011 – 1.5T GE replaced by Siemens Skyra 3T
2012 – 11.7T (human) gets to field (& quenches)
2015 – NIAAA Siemens Prisma (NIMH & NINDS 25% time each)

2016 - 2017 – upgrade of 3T-A/3T-B 
2018 - NMRF 7T (!!)
2018 – 11.7T returns to NIH (!!!)

2006-2010

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

2010 – Upgrade of 3T-C to mr750 platform



GROWTH IN FMRI AND BRAIN MRI IN 
NMRF AND FMRIF  NIH

1987 – 1x1.5T Scanner
2000 – First commercial dedicated 3T scanners 
2002 – 7T (experimental)
2010 – 7T (clinical)  11.7T
2018 – 6x3T scanners + 2x7T + 1x11.7T

~7000 exams/subjects per year



All papers involving MRI from Bethesda



FMRIF
Publications: 2000-2018

• More than 1200 papers (31 PI’s using the core)
• 70% from NIMH
• 20% from NINDS
• 5-10% from other institutes

• 92000 citations

• H-index > 150

• Listing of all papers up to 2015:

https://fmrif.nimh.nih.gov/public/FMRIF_all_Aug2015.xlsx/at_download/file

https://fmrif.nimh.nih.gov/public/FMRIF_all_Aug2015.xlsx/at_download/file


9.4T
4.7T
B1D
200

B1D
118

7T US

CT

11.7T
B1D204 3T

B1D31
5

3T-D
B1D307

NMRF
(3Tà7T)
B1D305

3T – A
B1D65K

3T – B
B1D67

FMRIF 7T
B1D710 

3T-C
B1D708

11.7T
B1D70

4

Lu
c

3T
B1D21

9

MIF / NMRF
CC / LDRR
NHLBI
NINDS
NIMH/NINDS
NINDS/NIMH

MEG
B1D6
5A

14T

PRISMA 3T
B1D422 NIAAA

In-Vivo NMR Center Magnets



FMRIF Scanners 
• GE 32-channel head coil
• GE HNS coil
• P31 loop coil
• Quadrature spectroscopy coil (GABA experiments)
• GE Quadrature head coil
Gradient: 50 mT/m, Slew Rate: 200/m/s

3TA
GE MR750

3TB
GE HDx

3TC
GE 750

3TD
Siemens
Skyra

7T
Siemens

• GE 32-channel head coil
• GE Quadrature head coil
• Nova Medical 16-channel head-coil
Gradient: 50 mT/m, Slew Rate: 200/m/s

• GE 32-channel head coil
• GE Quadrature head coil
• Nova Medical 32-channel head coil
Gradient: 50 mT/m, Slew Rate: 200T/m/s

• Siemens 20-channel head coil
• Siemens 32-channel head coil
• Siemens 12-channel spine array (built into table)
Gradient: 45 mT/m, Slew Rate: 200T/m/s

• Siemens 1-channel Tx / 32-channel Rx coil
• Siemens 8-channel Tx / 32-channel Rx coil
• QED dual-tuned 1H / 31P coil
Gradient: 70 mT/m, Slew Rate: 200T/m/s

NIAAA 3T: Siemens Prisma

•Siemens 20-channel head coil
•Siemens 64-channel head-neck coil
•Siemens 12-channel spine array (built into table)
Gradient: 80 mT/m, Slew Rate: 200T/m/s

other resources



ARMIN RAZNAHAN (DEVELOPMENTAL 
NEUROGENOMICS – AKA @BOGGLERAPTURE) 

• Longitudinal MRI studies of brain development in  children
• Linking genetics and environment to brain development
• Methodology – impact of motion on imaging-derived phenotypes

PROMO, longitudinal



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. 540-549.



KAREN F. BERMAN / SECTION INTEGRATIVE 
NEUROIMAGING

• Developmental neuropsychiatric disorders – imaging 
genomics including schizophrenia

• Genetics of social cognition (Williams Syndrome)
• Multi-modality imaging



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



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

• Sensitivity of MRI resonance frequency to the orientation of brain
• tissue microstructure Lee, Jet 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



LESLIE UNGERLEIDER/NEUROCIRCUITY SECTION
• Early FMRI adopter
• Functional architecture of perceptual and attention systems
• Functional anatomy of face processing
• Comparative NHP/human  imaging/anatomical studies
• Combining TMS and fMRI

• H



ALEX MARTIN/SECTION ON COGNITIVE 
NEUROPSYCHOLOGY

• Neural foundation of memory and social cognition
• Object and category  semantic representation in cortex
• Representation of social network information in normals & autistics
• Real-time fMRI  & neurofeedback

• Direct modulation of aberrant brain network connectivity through real-time NeuroFeedback

• (Ramot et al eLife 2017)





PETER BANDETTINI/FUNCTIONAL IMAGING METHODS
• Director FMRIF
• Maximizing information extracted from FMRI time series
• Multi-echo EPI for improved fMRI & rs-fMRI clustering
• Understanding rsFMRI mechanisms and confounds
• Information mapping/decoding FMRI
• 7T -High-resolution/layer-specific imaging with CBV and BOLD 



SEPARATING RESPIRATORY-VARIATION-RELATED FLUCTUATIONS 
FROM NEURONAL-ACTIVITY-RELATED FLUCTUATIONS IN FMRI 

(BIRN ET AL)



DANIEL PINE/ DEVELOPMENTAL &AFFECTIVE 
NEUROSCIENCE

• fMRI studies  pediatric  & adolescent  anxiety
• Fear and threat processing in adolescent patient groups
• Individual differences in neurocognitive function and treatment 

outcome



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)



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/NCCIH 
• Recruited from McGill in 2013
• Pioneer in imaging studies of pain perception and cognition

Uses: thermal pain stimulator
Analgesics, GSR



©2009 by Society for Neuroscience

Lauren Atlas/NCCIH 
(Affective Neuroscience&Pain) 

• Recruited from NYU in 2015
• studies of how belief and expectation influence 
• pain perception 

Uses: thermal pain stimulator
Analgesics,  eye tracking, GSR



CARLOS ZARATE/EXPERIMENTAL THERAPEUTICS
• Multimodal studies of fast-acting glutamatergic antidepressants
• Functional MRS 
• Studies treatment of  MDD   with simultaneous EEG/FMRI



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) – 2011  
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Courtesy: Silson & Baker



HIGH-RESOLUTION FMRI 
AT 7T 

(FMRIB/Karla Miller)Ban

7T FMRI

VASO BOLD

ΔCBV [ml] 20 ΔBOLD [%] 70

0.8mmx0.8mmx1.5mm
(Huber/Bandettini)



CHRIS BAKER/SECTION 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

, . 



DANNY  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

3T 
(Gd+)
0.65 
mm

7T
0.5 
mm

Axial Coronal
Sagittal

In vivo detection of central veins 
inside MS lesions

T2*-weighted 3D segmented EPI



Subpial lesion 
Intracortical lesion

T1w M P2RAGE (350 µm  iso) T1 m ap M P2RAGE (350 µm  iso)   T2*w 2D GRE (250 µm  in-plane) 

In vivo detection of cortical MS lesions @ 7T



CHRISTIAN GRILLION/NEUROBIOLOGY OF FEAR AND 
ANXIETY

• Phasic and sustained threat 
• Electric shock in the magnet
• FMRI & 7T studies(!)



ELI MERIAM - FMRI OF SPATIAL VISION 
STRIATE & EXTRA-STRIATE CORTEX
SPATIAL MAPS
SPATIAL REMAPPING / EYE MOVEMENTS





Pushing the resolution of in vivo anatomical imaging

500 µm iso
(40 min)

350 µm iso
(60 min)

700 µm iso
(10 min)

T1-weighted 3D MP2RAGE @ 7T





CONCLUSION:



SINGLE-ITEM SINGLE-EVENT



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



(SHORT) HISTORY OF FMRI AND BRAIN 
MRI AT NIH

1. In-Vivo NMR Center (established 1987)
2. Early FMRI studies in animals (Bob Turner, 1987)
3. Initial human functional studies (4T 1993)
4. Key developments from NIH MRI researchers

• DTI (LeBihan, Baser (1992), Pierpaoli etc)
• 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



T1w M P2RAGE (350 µm  iso) T1 m ap M P2RAGE (350 µm  iso)   T2*w 2D GRE (250 µm  in-plane) 

Leukocortical lesion

In vivo detection of cortical MS lesions @ 7T



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



1986-90 1991-95 1996-00 2001-05 2006-10 2011-15 2016-18



TIMES



WHAT MAKES THE 
NMRF/FMRIF SPECIAL? 

• WIDE RANG





NIH 4T 



JUDY RAPOPORT/CHILDHOOD PSYCHIATRY
• Early studies of brain development
• Longitudinal studies of childhood onset schizophrenia
• Longitudinal studies of normal brain development

Longitudinal MRI, genomics





FMRIF & NMRF Scanner History

1 Scanner May, 2000: Installed  first GE 3T VHi

2 Scanners Nov, 2002: Installed second GE 3T VHi

3 Scanners Aug, 2004: Inherited GE 1.5T

4 Scanners Nov, 2007: Replaced first GE 3T VHi with  2 x GE 3T HDx

Jan, 2011: Replaced  GE 3T VHi with Siemens 7T

5 Scanners June, 2011: Obtained GE 750 

Aug, 2011: Replaced GE 1.5T with Siemens Skyra 3T 

Spring, 2015: NIAAA 3T-Prisma operational (25% NIMH, 25% NINDS)

Jan 2017: Upgrade 2 x GE 3T to MR750

Fall  2018 : NMRF 7T (!)

Time



JUN SHEN/ MRS SECTION
• MRS methods development
• 13C / Glu / Gln / GSH (glutathione) quantification 



• FMRI Studies of brain stimulation (TMS / tcDCS)
• Validating  NIRS with  FMRI 
• Interventional studies of neural plasticity with tcDCS



MAJOR DEPRESSIVE DISORDER  
(MDD) AND BRAIN STRUCTURE

• High resolution 
hippocampal 
mapping at 7T

• Assessing curvature, 
surface area, and 
shape

• 0.5mm iso, T2* 
weighted (48 slices, 
7min acq) 

Zarate & Nugent & Thomas.



Denis Le Bihan –diffusion MRI and DTI



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


