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Caveats
• Cannot cover all populations or methods in 1 hour 

• This lecture is meant to be an overview of how fMRI can be 
applied in clinical populations

• Most of you are interested in aging/dementia and 
mood/anxiety disorders
• Lecture designed to highlight basic fMRI design and 

application to these populations
• Can easily extrapolate to your population of interest

• Requires understanding / experience with clinical 
presentation and underlying disease mechanisms (i.e., 
neuroanatomically informed approach)
• Don’t be afraid of teamwork! You CANNOT do everything!
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Overview 
First (mandatory) hour:
1. Discuss task-based fMRI
• Traditional contrast approaches
• Block vs. event related

• Examples of connectivity
• Examples of meta-analyses (MDD & Anxiety)

2. Discuss resting-state fMRI 
• ICA & seed-based approaches
• Graph theory methods
• Dynamic connectivity

Second (optional) hour: open discussion
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Task-Based fMRI – Block Design
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• ”Original” approach to fMRI analysis
– Compare BOLD signal during one well-defined and time-locked 

state to that of another
Relevant article:

• Identical trial types within a given block 
(e.g., novel stimuli)

• Separated by “rest periods” (allow HRF to 
return to baseline)

• Could have multiple types of blocks

(Some) Pros
• Robust signal given relatively large amount 

of data
• Ideal for more lengthy or continuous tasks 

(e.g., reading, spatial navigation)
• Ideal for examination/activation of specific 

regions of interest (e.g., surgery planning)

(Some) Cons
• Poor temporal resolution for rapid events
• Cannot distinguish between trial types (e.g., 

correct vs. incorrect)
• Cannot distinguish positive vs. negative 

phases



Task-Based fMRI- Event Related
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• ”Original” approach to fMRI analysis
– Compare BOLD signal during one well-defined and time-locked 

state to that of another
Relevant article:

• Identical OR distinct trial types 
• Separated by “rest” periods

• Slow event related (e.g., 8s ISI)
• Jittered – vary ISI to capture different 

phases of HRF

(Some) Pros
• Allows for examination of specific trial types 

(e.g., correct vs. incorrect)
• Greater flexibility vs. block design
• May be more appropriate for connectivity 

analyses

(Some) Cons
• Reduced SNR vs. block design = less power = 

more trials
• May increase time



Task-Based fMRI – Mixed Block/Event
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• ”Original” approach to fMRI analysis
– Compare BOLD signal during one well-defined and time-locked 

state to that of another
Relevant article:

• Multiple (typically related) trials within a 
given block 

• Separated by jittered ISIs (“rest” periods)

(Some) Pros
• Provides power associated with block design 
• Allows for examination of specific trial types 

(e.g., correct vs. incorrect)
• Sensitive to transient activity (see article)

(Some) Cons
• “The mixed design is a very finicky beast…” 

that can cause reduced power and signal 
misattribution

• Different type of power calculations 



Two Primary Types of Pathology in 
Alzheimer’s Disease 



Disease Begins Decades Before Symptoms



Ecologically Relevant Memory Test

All are common complaints
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Common Memory-Related Neuroanatomy



Disease Begins Decades Before Symptoms
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Early Task-Related Findings in Aging/Dementia

Cognitively intact older adults

Possible early “hyperactive” period 
followed by hypoactivation



Ecologically Relevant: Object-location paradigm
Functional MRI: Task-based (slow ER)
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Healthy Controls Show Greater Activation During Encoding
Novel (correct) > Repeated

HEC > MCIHEC > MCI

What Happens in MCI Patients?
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MCI Patients Process Information Shallowly

HOC – left hemisphere – frontoparietal 
control network critical for encoding (IFJ, 
aIPS, PCC)

MCI – right FEF – basic attentional saccades
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So how can we increase cognitive control?



Mnemonic Strategy Training
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Mnemonic Strategy 
Training (MST)

Spaced Retrieval Training 
(SRT)

MCI 29 (21 fMRI) 29 (18 fMRI)

Hampstead et al., in progress; DO NOT REPLICATE
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MST is Better in the Long-Term 

Group x time: p = 0.046
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Novel Stimuli

Post training > Pre training

Mnemonic strategies 
1. Engage “top-down” cognitive control mechanisms

-- Rostral and lateral prefrontal regions
2. Enhance self-referential processing

-- Medial frontoparietal / posterior cortices
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Findings Replicate Earlier Work
Hampstead et al. (2008) JINS
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Hampstead et al., in progress

MST Facilitates Hippocampal Activation in MCI

Trained stimuli Novel stimuli

Left Right

B) C)

No changes in the exposure group
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Application of Task-Based fMRI in MDD
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DSM -5
• 5+ (including at least 1 of depressed mood & loss of interest 

in past 2 weeks) – that represent change & are present 
nearly every day
• Depressed mood 
• Loss of interest/pleasure
• Change in weight/appetite
• Insomnia or hypersomnia
• Psychomotor agitation or retardation
• Loss of energy or fatigue
• Worthlessness or guilt
• Impaired concentration/indecisiveness
• Recurrent thoughts of death or suicidal ideation/attempt

• Symptoms cause significant distress or impairment
• (various rule-outs)

• Can lead to heterogeneous groups
• Same problem for anxiety (e.g., 

specific phobia, generalized, PTSD, etc)
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• 40 studies from 1998-
2010

• MDD & Controls
• Activation Likelihood 

Estimation (ALE) of 
between-group 
differences

• Hypoactive anterior 
insula & rACC = biased 
information and poor 
cognitive control

• MFG hyperactive 
during 
cognitive/emotional 
control
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• 20 studies with 
participants who had 
specific phobia for 
small animals

• Greatest effects in left 
amygdala and insular 
cortex (“Rapid 
processing pathway”)

• Less common but 
additional differences 
in fusiform, DLPFC, left 
cingulate cortex 
(“Slow processing 
pathway”)
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• 45 patients and 51 
matched controls

• fMRI pre- and post 6 
weeks 

• Patients underwent 
cognitive-behavioral 
therapy; controls had 
no intervention

• Used dynamic causal 
modeling on attention 
network task

• Additional evidence of neurophysiologic 
change after a non-pharmacologic 
intervention

• Enhanced top-down control (?)
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Watch for This Manuscript (presumably underway)



Task-Based fMRI
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• Has multiple strengths and increases 
confidence that “activation” is functionally 
meaningful
• But…
–Difficult to develop, implement, and 

standardize, especially across sites

• Enter Resting-State fMRI



Resting-State fMRI

Hampstead fMRI Training Course 2019

• Acquire continuous 
data for “X” 
minutes
• Typically with eyes 

open and instructed 
to stare at “+” <a href="https://www.tripadvisor.com/LocationPhotoDirectLink-g147293-d218524-i62770814-Excellence_Punta_Cana-

Punta_Cana_La_Altagracia_Province_Dominican_Republic.html#62770814"><img alt="" src="https://media-cdn.tripadvisor.com/media/photo-
s/03/bd/ce/7e/excellence-punta-cana.jpg"/></a><br/>This photo of Excellence Punta Cana is courtesy of TripAdvisor

• Easy to acquire, flexible, can be standardized across 
sites

• Inherently correlational in nature (i.e., all analyses 
rely on relationships with cognition/behavior rather 
than on direct engagement)
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Aging, Dementia, and Resting-State fMRI
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Important to establish biomarkers (what is “normal” aging?)
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Connectome Predictive Modeling
(Rosenberg et al., 2016, Nature Neuro)
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We applied it:
• Leave one out 

framework
• Connectivity 

threshold (p<0.01)
• Positive and 

negative summed 
separately

• Linear model fit
• Goodness of fit was 

correlation between 
predicted and actual 
memory test scores

• Permutation for 
significance (1000 
iterations)



Connectome Predictive Modeling (CPM)
Peltier et al (in preparation) DO NOT REPRODUCE
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• 75 participants from P30 funded MADRC (n=28 controls; 28 MCI; 19 DAT)
• Created composite memory score (average delayed recall for story, list, and figure recall)
• Applied CPM to resting-state data

r = 0.35, p=.001



Connectome Predictive Modeling (CPM)
Hampstead et al (in preparation) DO NOT REPRODUCE
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• 41 participants with MCI
• Applied CPM to Task & resting-state data

Both task & resting predicted object-location 
performance (task more efficiently?)

ONLY task predicted independent memory 
scores (RBANS DMI)
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red = decreased; green = increased; yellow = overlap

Some DMN areas 
decrease

Some FPN/salience 
increase

How to interpret?
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”Training” sessions 
• Use mental imagery

• Suggested approach 
but no efforts to 
ensure use

• Similar sized ROIs 
used to monitor 
BOLD change

• Unclear if ruled out 
changes in other 
group’s ROI
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”Training” sessions 
• Some overlap in 

recruited regions

• Insula, MTL

More activation change 
in scene group



No differences in outcome but…

Both groups improved
• ~37% remission

• Results persisted at 
follow up
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Summary
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• MANY different uses for fMRI in clinical context

• Select the most appropriate approach for your 
question/purpose

• Pay attention to future efforts with dynamic connectivity

Now…Q&A Time…



Overview 
1. Aging & Dementia
• Network level changes due to disease
• Understanding memory deficits
• Evaluating & targeting treatment

2. Depression

3. Stroke

Hampstead fMRI Training Course 2018



Cerebrovascular Accident (Stroke)
Damage to the brain tissue that results from disruption of blood flow
• Hemorrhagic 
• Ischemic
• Motor and/or cognitive deficits (e.g., aphasia, neglect)
• Typically expect some degree of spontaneous recovery
• Most rapid improvements over first 9-12 months
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fMRI & Recovery of Function

Used graph theory measures to 
examine change over first year after 
stroke in 107 patients vs. controls

Graph theory:
• Modularity – Global network 

measure that compares density of 
connections within vs. between 
networks (or “communities”)













Overview 
1. Aging & Dementia
• Network level changes due to disease
• Understanding memory deficits
• Evaluating & targeting treatment

2. Depression

3. Stroke

4. Epilepsy
• Presurgical evaluation
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Epilepsy
• Chronic disorder – characterized by recurrent 

and unprovoked seizures
• Seizure = sudden surge of electrical activity
• ~50% of those who have 1 seizure have 2
• ~80% of those who have 2 have more
• Severely disabling 
• Surgical resection is common
• Typically fail 2+ single medications & 

combination of 2+ medications

Source: http://www.epilepsy.com
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Types of Surgery for Epilepsy

http://emedicine.medscape.com/article/1874484-overview

• Removing brain 
tissue may cause 
cognitive 
impairment

• Wada test is “gold 
standard” for 
evaluating 
functioning

• Language & memory
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Language Regions (NeuroSynth)



Wada Test in Epilepsy
• Intracarotid amobarbital testing (IAT)
• http://pcs.hmc.washington.edu/Epilepsy/wadas.htm
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Wada Test in Epilepsy
Risks include:
• Sensitivity to contrast dye. Reactions may include nausea, hives, and 

itching. Patients rarely experience difficulty breathing. 
• Bleeding. Insertion of the catheter requires the puncture of a blood 

vessel. If blood should leak around the catheter into the tissue, a 
hematoma (a swollen area filled with blood) may result. It will become 
black and blue but will get better in time as the blood is absorbed by 
the body.

• Sensitivity to sodium amytal, which is a strong sedative. Rarely it can 
cause difficulty breathing or low blood pressure.

• A blood clot in the leg or brain, which may cause a stroke. This only 
happens in about one in a thousand cases.

Direct source: http://www.dartmouth-hitchcock.org/epilepsy/wada_test.html#risks

• Dissection? 
• Costs (financial, personnel, emotional)
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fMRI uses in Epilepsy
• Relatively low cost
• Non-invasive
• Widely available 
• Uses include: 
• Language lateralization
• Memory functioning

• Acquisition and analyses are not (traditionally) 
standardized
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fMRI uses in Epilepsy

• 11 Member Panel reviewed 172 
published manuscripts; 37 
selected for review based on 
quality/nature of the study

• Assigned levels of evidence 
around several key questions:
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1. Does fMRI = Wada for language 
lateralization?

• Meta-analysis found 
• 87% (201/232) concordance for medial temporal 

lobe epilepsy (MTLE)
• 100% (7/7) for MT lesions
• 81% (48/59) for extratemporal foci

• Recommendations: “fMRI may be considered as an 
option in lateralizing language functions in place of IAP 
in patients with MTLE, temporal epilepsy, or 
extratemporal epilepsy…”
• Unclear evidence for temporal neocortical epilepsy 

or temporal tumors
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2. Can fMRI predict postsurgical 
language outcome?

• Strong left frontal activation predicted postresection
decline (100% sensitivity; 33% specificity)

• Strong left-lateralized temporal activation during 
semantic decision task predicted naming decline (100% 
sens; 73% spec). 
• Wada lower prediction than fMRI

• Recommendation: “fMRI may be considered for 
predicting postsurgical language outcomes after 
anterior temporal lobe (ATL) resection for the control 
of TLE”
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3. Is fMRI comparable for memory 
lateralization?

• Visuospatial  task (scenes vs. noise) laterality index (LI) 
significantly related to IAP (r=.31, p=.007)
• No relationship in a second study (amytal dose?)

• Novel vs. repeated pictures & number of activated 
voxels were related to IAP LI in other studies

• Recommendation: “fMRI may be considered as an 
option to lateralize memory functions in place of IAP in 
patients with MTLE”
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4. Can fMRI predict verbal memory 
outcome?

• fMRI leftward LI during verbal encoding “probably 
predicts” verbal memory decline
• Presurgical Neuropsych testing accounted for 50% 

of variance; fMRI explained 10% 

• Recommendation: “Presurgical fMRI of verbal memory 
or of language encoding should be considered as an 
option to predict verbal memory outcome in 
patients…undergoing evaluation for left MTL surgery”
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5. Can fMRI predict visuospatial
memory outcome?

• fMRI rightward LI during scene or facial encoding 
appears predictive of decline 

• Recommendation: “Presurgical fMRI using nonverbal 
memory encoding may be considered as a means to 
predict visuospatial memory outcomes…”
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6. Is there sufficient evidence for 
diagnostic accuracy to replace IAP?

Hampstead fMRI Training Course 2018



Questions / Discussion
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