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Presbyterian Hospital and the Biomedical Science Tower, Pittsburgh is a state-of-

the-art facility with space for imaging systems, support laboratories, technical

support staff, image processing, and offices. The building housing the scanners is

located in close proximity to our offices at WPIC. Scanning Instrumentation: The

MRRC houses two 3T Siemens full-body parallel imaging systems equipped with an

ultra-fast gradient system (maximum amplitude: 40 mT/m, slew rate 400 T/m/s, rise

time: 100 us) as well as a 7T scanner. The scanners have full conventional images

capabilities (T1/T2; High Resolution T1 (MPRAGE); FLAIR; DTI; BOLD). The

instrumentation is designed to handle the high data rates and storage required by

fMRI. All researchers conducting studies at the MRRC are provided with accounts

on the computational cluster. Computers for stimulus presentation, equipment for

acquisition of physiological data, and a computer laboratory for data analysis are all

available at the MRRC. Quality assurance and safety activities include daily signal

stability scans and required safety training sessions for all researchers. All

conventional and echo planar MR imaging and MR angiographic functions are

supported with optimized image contrast and signal at 3T and 7T strength. For fMRI

scanning, echo planar imaging with the shortest echo spacing is provided with an

automatic correction of B0 drift during the acquisition. The magnet rooms are

magnetically, acoustically, and RF shielded. Quality assurance procedures are in

place. These include daily signal stability scans for echo planar imaging (maximum

1% peak-to-peak over a continuous eight-minute acquisition with a 64x64 matrix

size) and daily signal-to-noise measurements with the standard RF head coil and

cylindrical phantom. The MR Center has maintenance agreements with Siemens

that guarantee service whenever daily stability scans fail to meet the required

specifications. The systems are interfaced to a high-speed local area network

(CDDI-based LAN) for data transfer to the computers in GPN lab in for analysis.

Transcranial Magnetic Stimulation. Under supervision of Co-I Ferrarelli, the

Neuroscience Clinical and Translational Research Center (N-CTRC) recently

purchased a state-of-the-art, research-dedicated Transcranial Magnetic Stimulation

(TMS) device capable of delivering TBS and rTMS protocols. The system includes a

variety of coils which are designed to provide relatively focused stimulation and are

specifically designed to deliver demanding stimulation protocols. Additional services

and resources at the N-CTRC include computing resources (PCs in each room,

stimulus presentation control room). An exam room is available to conduct

participant assessments, blood draws with basic processing, 12-lead EKGs, and

other nursing functions.
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Participants who miss TMS sessions will receive partial payment. This includes $15

per session during Week 1, and $25 per session during week 2.

Participants will receive payment for coming to the fMRI visit, even if the scan

cannot be completed (i.e. technical issues). The scan will be rescheduled if at all

possible.

Participants who do not complete 6/7 days each of the 3 weeks of sleep/actigraphy

monitored will not receive any compensation for this task.

Participants will not be compensated if they do not complete the entire battery of

assessments for the 1-month follow-up. This includes returning the Penn State

Worry Questionnaire.

5. Recruitment materials: (attach all material to be seen or heard by subjects,
including advertisements and scripts)

  Document Category
Date
Modified

Document
History

View TINA_Pitt+Me_online_ad(0.01)
Recruitment
Materials

1/13/2020History

https://www.pittpro.pitt.edu/pittpro/sd/Doc/0/GNMTPMTSUFJKBE8IN2BRHFRT9A/STUDY19020109_Andreescu_for_approval_1.13.20_Version_0.01.pdf
https://www.pittpro.pitt.edu/pittpro/sd/ResourceAdministration/VersionedResource/MetaInfoViewer?bindTo=com.webridge.entity.Entity[OID[6D8CD070DC1C724D9E754D9FE43023B0]]&Document=com.webridge.entity.Entity[OID[6D8CD070DC1C724D9E754D9FE43023B0]]
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worry severity, we propose to use inhibitory TBS [high frequency TMS at 1 Hz] to

modulate cortical plasticity and consequently reduce worry severity. To test target

engagement, we will use the in-scanner worry induction paradigm designed by Dr.

Andreescu and her mentors during her K23 award and currently use to probe worry

induction in the R01 MH108509. Given the exploratory nature of this proposal and

based on our preliminary data, we will use two measures of target engagement: 1)

the relative decrease in BOLD signal in the parietal cortex and 2) the relative

decrease in rSPG-dACC functional connectivity.

The reasons why this research is significant is as follows:

1. Severe worry in late-life carries a significant health care risk. 

Worry is defined as a complex affective and cognitive process, negative-affect

laden, and relatively uncontrollable [6]. While worry is a universal human experience

that may confer an evolutionary advantage by modifying threat-related decision-

making, severe and excessive worry has been recently linked to increased risk of

conversion from mild cognitive impairment to Alzheimer’s disease [7], and with

increased risk of stroke and other cardiovascular events, after controlling for

depression and vascular risk factors. Severe worry is also associated with

interruption in functioning and reduced quality of life and with a higher risk of all-

cause mortality in midlife and late-life.

2. Severe worry in late-life responds poorly to traditional interventions. 

Traditionally, severe worry has been confined to categories such as Generalized

Anxiety Disorder (GAD) and Major Depressive Disorder (MDD), multiple lines of

research support the presence of severe worry in other several other anxiety and

mood disorders. Thus, while GAD is built around the concept of severe,

uncontrollable worry, only 20% of severe older worriers qualify for a GAD diagnosis.

This evidence supports a major recent shift in the conceptualization of worry as a

transdiagnostic entity most suitable for dimensional investigations. Current late-life

GAD treatment choices, including cognitive-behavioral therapy (CBT) and

antidepressant pharmacotherapy, have proven moderately efficacious in reducing

overall burden of anxiety but ineffective in reducing worry severity. The

ineffectiveness of current treatments in reducing worry severity may be at the root of

the chronic, relapsing course of late-life GAD, which is one of the least likely mental

disorders to remit and most likely to relapse. 

3. Novel circuit-based targets for intervention.

Several neuroimaging studies have investigated both activation and functional

connectivity among various brain regions involved in GAD – in adolescents and

young adults. Our team has published exclusively on the neural markers of GAD in

older adult participants. Also, very few studies used fMRI paradigms specifically

tailored to induce worry or analyzed specifically the effect of worry severity at rest or

during task. Our current results point toward two different networks that may benefit

from targeted interventions: the one associated exclusively with severe worry

(amygdala-parahippocampus- rOFC- rSPG) and the one associated with

maintenance/the protracted quality of worry (insula-caudate/thalamus-amygdala-

parahippocampus). 

We decided to target in this application the network associated with worry severity
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due to both the richer literature regarding the pernicious effect of severe worry on

both public health and treatment response but also due to accessibility for TMS of

the rSPG. Overall, the worry severity network seems to implicate excessive

limbic/paralimbic activation potentially amplified by the cognitive anticipation of the

negative affective value of future events processed through the OFC as well as

probable attempts to cognitively control the arousal and dysphoria through

structures such as dACC and SPG. This speculation is in line with newer

interpretations of pathologic worry that suggest severe worriers both maintain

arousal in order to seek out potential solutions to the anxiogenic source while

attempting to inhibit representations of the potential bad outcomes.
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Repeated measures ANOVA, correlation, and regression will be used to test

changes in sleep patterns and their association with anxiety and fMRI response.

Analysis of Structural MRI

We will collect measures of gray matter volume (MPRAGE), WMH load (T2-

weighted FLAIR), and white matter micro-structural integrity (DTI). These structural

measures will be extracted using methods developed and validated by the Co-I Dr.

Aizenstein to take into account the variability of elderly brain images. These

methods include assessment of regional gray matter volume using Automatic

Labeling Pathway (ALP), regional WMH volume, and tract-based spatial statistics

(TBSS) estimates of fractional anisotropy (FA) for the WM tracts. Regional WMH

volumes: The automated WMH segmentation method developed by the Co-I Dr.

Aizenstein is an iterative algorithm that automatically selects ‘seeds’ of WMH lesions

and applies fuzzy connectedness to segment WMH lesions around the seeds (8).

Using an automated method, the segmented WMH voxels are localized to the

different white matter tracts defined on the Johns Hopkins University (JHU) White

Matter Atlas (9). The WHM matter extraction algorithm has been shared with the

neuroimaging community through our website (http://www.gpn.pitt.edu), where it can

be requested for download. The same atlas used for localizing the WMH volumes is

also used for generating tract-specific DTI measures. The DTI data is first pre-

processed using tract-based spatial statistics. DTI summary measures are then

generated using a 4-tissue class model, which treats normal appearing white matter

as distinct from WMH. The other 2 classes (gray matter and CSF) are included to

ensure accurate segmentation, but are not part of the planned analyses for this

study. The global WMH burden and FA will be included as primary variables in Aim

3. As described above, we will also extract regional DTI and WMH measures for all

white matter tracts. Secondary analyses will explore the role of tract-specific white

matter alterations in tracts associated with emotion regulation (e.g. uncinate

fasciculus, cingulum bundle).

Analysis of functional MRI

Our primary analyses of the BOLD-contrast fMRI dataset will follow a ROI approach

that has been optimized by our group for analyzing fMRI in the elderly We will also

perform full-brain voxelwise secondary analyses. All standard processing steps are

done in SPM8 [http://www.fil.ion.ucl.ac.uk /spm/ software/ spm8]. Additional custom

software for alignment of elderly brain MRI’s will also be used. 

Preprocessing. (1) Functional images for both rest and task are realigned using a

two-pass procedure to correct for head movement; (2) Each subject’s T1 weighted

structural image is co-registered across the sessions to the mean realigned EPI; (3)

The T1-weighted volume is then segmented to generate a non-linear deformation

mapping from native to MNI space; (4) EPI are then normalized to the ICBM MNI

template using the non-linear deformation field; (5) Normalized functional images

are then smoothed by using a 8-mm FWHM Gaussian kernel to reduce spatial noise

and accommodate inter-subject anatomical variability. All preprocessing output files

are then inspected to verify that all steps worked. Residual head motion and related

global signal fluctuations are then estimated and the outlier time points saved for

use in the first-level model as nuisance variables using the Artifact Detection Tool

(ART) to detect and adjust for motion outliers in the fMRI time series data

[http://www.nitrc.org/projects/artifact_detect/]. Our group has shown how, by using
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highly deformable registrations, we can get accurate segmentation and reduce Type

1 error in fMRI studies of elderly participants. Level One Analyses for Resting State:

Resting BOLD time series will be de-trended, de-spiked, mean-centered and

adjusted for the confounding covariance due to hemodynamic response, movement

and physiological noise. The hemodynamic response will be modeled by the SPM

default canonical hemodynamic response function and its derivative. The movement

parameters from realignment are used as the movement regressors. The

physiological noise will be modeled using the component base model (10) with 5

principal components of the BOLD time series from a white matter mask and 3

principal components from a CSF mask. The masks are constructed using the SPM

MNI template of 95% and 75% probability map for white matter and CSF

respectively; they are further eroded to avoid the partial volume effect. The adjusted

time series are then band-pass filtered to the resting state frequency domain,

ranging from 0.01 to 0.1HZ. For the functional connectivity analyses we will use the

primary eigenvariate of the time-series extracted from the anatomic ROI using REX

(http://web.mit.edu/swg/ rex/rex.pdf). This method extracts the time series that

explains the maximum variance of all the time-series in the ROI (12). The

eigenvariate time-series for each ROI will be correlated (Pearson correlation) with

the eigenvariate time-series for the corresponding seed for each network-of-interest.

The correlations will be transformed to Fisher Z statistics for group analysis. In

addition, functional connectivity map for each seed and subject will also be

generated by using the general linear model (GLM) with the seed time-series as

independent variable and the movement parameters generated in the realignment

as nuisance variables for exploration analysis. Level Two Analyses for Resting

State: The resulting connectivity measures (Fisher Z transform of the Pearson

correlation) will be exported to R [http://www.r-project.org], where statistical analyses

will be conducted to test the association of each of these measures with the

identified clinical factors. For the exploratory whole brain seed-to-voxel analysis, the

functional connectivity maps will be analyzed across individuals using second-level

design matrices. Level One Analyses for the Worry Regulation Task: The BOLD-

contrast time-series images will first be filtered with a high pass filter of 128 sec.

Condition effects for the worry regulation task will be determined in SPM8 for each

subject using contrasts analysis (e.g., ‘worry induction > rest’) employed in the GLM

framework. Specifically, the hemodynamic response of each condition will be

modeled by a boxcar function convolved with the SPM canonical HRF with time

delay as covariate to allow for increased variability in HRF with age. The movement

parameters will be included in the GLM as nuisance variables. The GLM, which

contains regressors of hemodynamic response for each task and the movement

parameters, will be solved using robust regression to minimize the effect of outliers.

The contrast maps representing the effects of tasks on the BOLD-contrast signal

compared with that at baseline will be generated and tested in level two analyses. 

Psychophysiological interaction (PPI) analyses will be used to test Aims 2-3. These

analyses enable us to examine the degree to which the worry regulation conditions

(induction/ reappraisal/ reappraisal+acceptance) affect the temporal covariation of

the BOLD signal between the ROIs in the SN and ECN. For PPI analyses, we will

use as seed regions the RAI and the right dlPFC. The RAI seed is extracted from

the right insula cortex defined in the Automated Anatomical Labeling (AAL) atlas in

the WFU Pick-Atlas (11). From the insular cortex, we extract the right AI cortex
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(landmarked anterior of the central insular sulcus) using ITK165. The right dlPFC is

defined as the right Brodmann area (BA) 46 in the Talairach Daemon database from

the WFU Pick-Atlas (11). Each seed time-series is extracted from the first principal

component of BOLD signal in all voxels within the RAI and within the right dlPFC

seed. Next, each seed time-series is mean-centered and submitted to a

deconvolution algorithm using the canonical SPM8 HRF. Following deconvolution,

an interaction vector is created, representing the product of the deconvolved BOLD

signal time-series and a vector coding for task condition. The interaction vector is

subsequently re-convolved with the SPM8 HRF, creating a PPI vector. Finally, all

three vectors, corresponding to the PPI task-by-seed activity term, the seed activity,

and the HRF convolved task vectors are entered as regressors in an individual GLM

design matrix wherein one PPI GLM is executed for each participant and seed

region. Individual GLMs are then estimated, and the contrast maps, which represent

the modulation effect of worry regulation on connectivity (PPI map), are generated

for Level 2 analysis. Second Level Functional Connectivity Analyses for the Worry

Regulation Task: As a result of first level analysis, the PPI maps generated for each

individual identify regions exhibiting greater functional connectivity with the RAI in

the worry induction as compared with the rest condition, and with the RAI and the

dlPFC in the worry reappraisal as compared to the rest. Individual PPI maps are

then entered into regression analyses, wherein we test the association of task-

related effects (‘worry induction>rest’) on functional connectivity with worry severity

as measured by PSWQ. For PPI analyses, we maintain an FDR corrected threshold

of 0.05 within the ROI volumes relevant for the SN (left AIns, dACC, right and left

amygdala) and for the ECN (dACC, RAI, right and left Posterior Parietal Cortex).
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sessions. Accounting for set-up time and possible technical issues, participants will

be informed that visits may last up to 45 minutes, but on average will take about 20

minutes.

MRI scan

The MRI scan will take place within 2 weeks of completion of the TMS sessions and

will last approximately 1 hour. Scanning will be conducted on a 3 Tesla Siemens

PRISMA scanner located in the MR Research Center at the University of Pittsburgh,

using a 32-channel head coil (the same scanner and coil that is used for the current

R01 study). We will gather functional MRI data (during rest and task) and structural

MRI data including gray-matter volumetric estimates from T1-weighted images,

white matter hyperintensity volume (WMH) estimated from T2-FLAIR images and

white matter microstructure integrity estimates from diffusion tensor imaging (DTI). 

Functional MRI: The fMRI acquisition includes a 10-minute resting state acquisition

(eyes open) followed by the worry induction task. We have chosen to use a 10-min

acquisition as recent data has showed that the reliability is improved by increasing

the scan length from 5 to 10 minutes. T2*-weighted BOLD-contrast functional image

acquisition will use multiband (acceleration of 3) gradient-echo echoplanar imaging

(EPI): TR/TE = 1800ms/30ms, Matrix= 96x96 with 60 slices, Voxel size =

2.5x2.5x2.5 mm3, parallel to AC-PC. The most inferior functional scan will be inferior

to the most inferior aspect of the temporal lobes.

Note regarding psychotropic medications:

In most cases, participants will be required to be medication free at the time of

scanning (e.g., antianxiety and antidepressant medications). However, participants

will be allowed to continue taking low doses of psychoactive medications when used

to treat medical conditions, pain, and sleep disturbances. The dose range for the

most common antidepressants that are prescribed for medical reasons are as

follows: amitriptyline up to 50 mg/d, doxepin up to 50 mg/d, trazodone up to 100

mg/d, and imipramine up to 50 mg/d. As for other medications, each case will be

reviewed individually and the PI will decide if the participants are eligible for the

study and if they may continue the current medication.

Participants will be required to be medication free at the time of scanning (e.g.,

antianxiety and antidepressant medications). Participants will be asked to refrain

from benzodiazepines 48 hours prior to the MRI. We will review participants' lists of

medications at their clinical visit and will inform them whether it will be necessary for

them to refrain from any of their usual medications. Participants will be told (as per

the consent form) that they may decide that they do not wish to refrain from taking

such medications prior to their scan. If so, they will be considered ineligible for the

study. Participants on high doses of benzodiazepines (e.g., greater than or

equivalent to 2 mg of lorazepam) will be excluded, given the complexity and

potential complications of benzodiazepine taper/withdrawal. 

Individuals who are needing to refrain from benzodiazepines 48 hours prior to the

MRI will be given a taper plan by a physician investigator. At this time, participants

will additionally be provided with a phone number (our 24-hour participant line) to

call if they experience any concerns or difficulties during the taper process.
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Script

7/29/2019 History
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of (1) fulfilling orders, made by the investigator, for hospital and health care services

(e.g., laboratory tests, diagnostic procedures) associated with research study

participation; (2) addressing correct payment for tests and procedures ordered by

the investigator; and/or (3) for internal hospital operations (i.e. quality assurance).

3. If any research data is collected, stored, or shared in a paper format, address
what precautions will be used to maintain the confidentiality of the data:

Data will be entered into password secured data bases by staff authorized by the

principal investigator to do this, and they will abide by confidentiality regulations of

the IRB. These data are password secured for minimal access to authorized

personnel associated with the study. No research documents will contain the names

of participating subjects. Subject anonymity will be preserved by the use of a code

number. Research records will be kept in a locked file. No subject will be identified

by any published report.
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aims of the research study.

The experimental procedures including during the MRI occur at the MR research

center which is specifically equipped for research studies in order to maintain the

confidentiality of subjects. Participants are provided with a locked, private room in

which they can change their clothing and store their belongings in individually

padlocked lockers.

5. What steps will be taken in the event that a clinically significant, unexpected
disease or condition is identified during the conduct of the study:

Participants will be made aware of any unexpected events or conditions and

appropriate referrals will be facilitated (either to PCP or other healthcare

professional). Appropriate clinical follow-up will be made in the event that a clinically

significant, unexpected disease or condition is identified during the conduct of the

research study. In addition, participants who experience clinical deterioration or

unexpected clinically significant psychiatric symptoms will be referred to the

appropriate level of care (inpatient or outpatient). 

Participants will be informed that the brain imaging scan used for this study is

tailored for research purposes and should not be viewed as a clinical evaluation. If

at the time of the scan the MRRC technologist detects a potential incidental finding,

the MRRC Medical Director will be contacted immediately. The images will then be

reviewed by a neuroradiologist in the Neuroradiology Reading Room. An

investigator will share verbally results/impressions deemed clinically significant with

the participant and a clinical follow-up referral will be provided as appropriate. If

there is no provider, participants will be advised to seek a provider. Images will be

sent to the participant's doctor with the written request of the participant (using a

HIPAA authorization request). 

Participants (or their insurance) will be responsible for all costs related to referrals

for care for any incidental findings discovered during the course of this study.

6. Describe the potential benefit that individual subjects may experience from
taking part in the research or indicate if there is no direct benefit. Do not

include benefits to society or others:

Participants in this study are subjects with severe worry. We anticipate a decrease in

the level of experienced worry following TMS. There are however no known benefits

of the TMS protocol at this time regarding reducing severity of worry. Participants will

be informed in writing that there are no guarantees that they will benefit from study

procedures. However, the potential benefits of participation in this study include

receiving TMS that could be beneficial. Additionally, participants may derive benefits

from the psychiatric evaluations by having the opportunity to talk about personal

issues and concerns with a sympathetic listener and by having access to treatment

referral services. Finally, participation in the proposed research may help inform and

improve the development of novel treatment strategies that could ultimately benefit

patients, including the participants themselves.







https://www.ecfr.gov/cgi-bin/text-idx?SID=afaa5756f6536a9b6db3c04820d246b8&mc=true&node=pt21.1.54&rgn=div5#se21.1.54_12
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

D. Have rights as either the author or inventor of intellectual property being
evaluated or developed in this research and for which you are receiving
royalties, milestone fees, or other proceeds that have or will exceed $10,000 in
any 12-month period (include payments through the University of Pittsburgh,
the Veterans Administration Pittsburgh Healthcare System, UPMC, and
University of Pittsburgh Physicians)?

 E. Have an officer or management position with a company that either
sponsors this research or owns the technology being evaluated or developed?



F. Receive compensation of any amount when the value of the compensation
would be affected by the outcome of this research, such as compensation that
is explicitly greater for a favorable outcome than for an unfavorable outcome or
compensation in the form of an equity interest in the entity that either sponsors
this research or owns the technology being evaluated or developed?

 None of the above options apply and there are no other financial conflicts of
interest in the conduct of this research.

5. Provide the name of the investigator(s) and describe the nature of the
Significant Financial Interest(s):



http://www.coi.pitt.edu/
http://www.ctsi.pitt.edu/research-research.html
http://www.o3is.pitt.edu/
http://www.radsafe.pitt.edu/
http://www.radsafe.pitt.edu/
mailto:amp8@pitt.edu
https://care.upmc.com/
http://rio.pitt.edu/services
mailto:OSPARS@upmc.edu
http://www.ibc.pitt.edu/hscro
http://www.ibc.pitt.edu/hscro
http://www.ibc.pitt.edu/
http://www.ibc.pitt.edu/


https://grants.nih.gov/policy/clinical-trials/definition.htm
https://clinicaltrials.gov/ct2/home
http://rcco.pitt.edu/clinicaltrialsgov
mailto:ctgov@pitt.edu
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