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	About the Measure


	Domain:
	PTSD

	Measure:
	Resting-state fMRI

	Definition:
	A measure for the standardized administration of resting-state functional magnetic resonance imaging (fMRI) in research and clinical efforts.

	Purpose:
	This measure can be used to assess the functional integrity of brain regions and circuits with which they are connected anywhere in the brain, unconstrained by the specific demands of particular tasks. 





	About the Protocol



	Description of Protocol:

	This protocol includes recommended technical and analytical procedures for the consistent collection of resting-state functional magnetic resonance imaging (fMRI) data based on commonly employed methods. These procedures include identification of key MRI acquisition parameters and critical elements of data preprocessing, as well as key interpretational issues. Resting-state fMRI is a commonly used methodology, and this protocol is intended to reflect the neuroimaging field’s consensus elements as they are primarily summarized in van Dijk et al. (2010) and as supplemented by additional references noted below.

	Selection Rationale:
	The PTSD Working Group selected resting state functional magnetic resonance imaging (fMRI) for several reasons: (1) it is by far the easiest fMRI protocol to acquire, with very few requirements of the participant or experimenter; (2) it is routinely included in studies that acquire fMRI data; (3) it allows simultaneous investigation of a large number of functional brain circuits using data unconstrained by task demands; (4) the large number of methods papers published on resting-state fMRI has converged on consensus acquisition and preprocessing methods that can be used across neuroimaging analysis software platforms to yield similar results; (5) resting-state measures have been found to be highly reliable and to yield dissociable measures of brain connectivity for different circuits examined within the same resting-state data set; and (6) it is the only protocol that directly assesses function of the brain, providing a critical component for understanding the etiology, pathophysiology, and treatment of trauma-related disorders.

	Specific Instructions:
	This protocol focuses on key acquisition, preprocessing, and data analytic steps required to produce a functional magnetic resonance imaging (fMRI) data set that can be used as a common data element (CDE). This entails specification of key details related to acquisition, preprocessing, and analysis, which generate delimited resting-state CDEs as well as broader standardized preprocessed data sets that can be used for additional analyses. In other words, the form of the data themselves is a CDE in addition to a subset of potential processed analyses. 

It is important to note that fMRI, unlike questionnaire measures or blood tests, does not yield an absolute value that can be combined across studies and scanners. Scanners may differ in sensitivities to signal and noise, extent of sinus artifact, and methods for data acquisition. For this reason, it is not possible with fMRI to compare patients acquired on one scanner with controls scanned on another. Nonetheless, resting-state data have been used successfully across scanners and sites in multiple studies when similar preprocessing steps are applied and a site/scanner covariate is used in the analyses. Thus, lack of an absolute-value output of fMRI and differences across scanner platforms do not preclude use of resting-state fMRI as a CDE if appropriate steps are taken during data acquisition and analysis.

	Protocol Text:
	Summary of the fMRI Technical and Analytical Procedures
Acquisition:
Resting-state fMRI uses gradient echo images acquired as echo-planar imaging (EPI) acquisitions. Key components of the acquisition protocol to note are:
1. A repetition time (TR; time to acquire a whole brain volume) of 2000 ms. This value is chosen as there has been considerable interest in frequency-related resting state analyses, which are constrained by the acquisition TR (Biswall et al., 2010). 
2. Images should be acquired axially aligned with the anterior and posterior commissures. 
3. Other parameters (e.g., echo time, number of slices, voxel dimensions) should be chosen based on optimization for the specific scanner platform used in collaboration with knowledgeable MRI center staff (Van Dijk et al., 2010). Since these parameters may be scanner-specific, they do not have a direct impact on use of resting-state fMRI as a CDE. It is important, however, that the entire cerebrum be covered in the acquisition, which can be achieved by adjusting the voxel dimensions, gap between slices, or both to cover the brain. These parameters should not change across the duration of the experiment; otherwise data may not be comparable.
4. Participants should be instructed to fixate on a fixation cross shown on the screen with their eyes open, to let their minds wander and try not to fall asleep (Birn et al., 2013). Participants should then be debriefed after the scan to determine whether they fell asleep (which would necessitate repetition of the scan). 
5. The scan should be repeated (or discarded) if the participant moves more than 3 mm total translation or 3 degrees total rotation (Van Dijk et al., 2010). 
6. A minimum of 5 minutes of resting-state data should be acquired (Van Dijk et al., 2010).
7. The following data should be recorded as part of inclusion of resting-state fMRI as a CDE:
· Make and model of Scanner
· Repetition Time, Echo Time, Number of slices, Voxel Dimensions
· Method for orienting the slices
· Participant fell asleep (Y/N)
· Participant moved > 3 mm Total (Y/N)
· Duration of the resting-state run(s)


Preprocessing:
There are several critical elements to preprocessing that must be employed for use as a CDE, using any of the publicly available neuroimaging data analysis software packages (Statistical Parametric Mapping [SPM], FMRIB Software Library [FSL], and Analysis of Functional Neuroimages [AFNI]):
1. Functional images should be motion corrected (i.e., aligned to each other across acquisitions) and motion parameters recorded (Van Dijk et al., 2010).
2. Normalization to a template should be non-linear to better accommodate for inter-individual anatomical differences and effects of age or degeneration.
3. The template used for normalization of data used as a CDE should be in Montreal Neurological Institute (MNI) space (Van Dijk et al., 2010).
4. Spatial smoothing should be used at 6 mm range (full-width half-max) (Van Dijk et al., 2010). 
5. Bandpass temporal filtering should be performed, retaining data from 0.008 to 0.1 Hz, as this is the frequency band in which the majority of power is for resting-state data and thus minimizes the impact of noise (Cordes et al., 2001).
6. Physiological data (respiration and heart rate) should be recorded simultaneous with the resting-state acquisition when possible.
7.  The following data should be recorded as part of inclusion of resting-state fMRI as a CDE:
· Method for motion correction
· Method for normalizing the data to the Montreal Neurological Institute Space template
· Full Width Half-Max (FWHM) of the spatial smoothing (e.g., 6 mm)
· Bandpass temporal filtering performed
· Whether physiological variables were acquired and regressed out (heart rate, respiration)
· Whether motion parameters regressed out
· Whether white matter, CSF, or combined white matter/CSF signal was regressed out
Analysis:
1. In addition to the seeded region for functional connectivity analyses (see below), regressors corresponding to the following should be included in the multiple regression model: physiological noise parameters such as respiration and heart rate, motion parameters from the realignment step and signal from a white matter, CSF, or combined white matter/CSF mask (Van Dijk et al., 2010; Van Dijk et al., 2012; Power et al., 2014; Chang et al., 2009; Murphy et al., 2009; Fox et al., 2009). Including a CSF/white matter mask is recommended over whole-brain global signal regression as the latter induces artifactual anticorrelations (Murphy et al., 2009). 
2. Functional connectivity seeds should be placed at the locations noted below as well as in the amygdala and hippocampus based on the Automated Anatomical Labeling atlas (Tzourio-Mazoyer et al., 2002). 

	Seed regions for functional connectivity analysis (Taken from Yeo et al., 2011; Van Dijk et al., 2010). Note the seed regions below are all on the left hemisphere, and equivalent regions on the right hemispheres should also be used (by making the first coordinate [x] positive instead of negative).

	
Seed Region
	MNI coordinates (x,y,z)

	Dorsal attention A (left frontal eye field)
	-22, -8, 54

	Dorsal attention B (left intraparietal sulcus)
	-34, -38, 44

	Dorsal attention C (left superior lateral occipital cortex)
	-18, -69, 51

	Dorsal attention D (left inferior lateral occipital cortex)
	-51, -64, -2

	Dorsal attention E (left precuneus)
	-8, -63, 57

	Dorsal attention F (left inferior frontal junction)
	-49, 3, 34

	Ventral attention A (left anterior middle frontal gyrus)
	-31, 39, 30

	Ventral attention B (left parietal operculum)
	-54, -36, 27

	Ventral attention C (left middle temporal gyrus)
	-60, -59, 11

	Ventral attention D (left dorsal anterior cingulate cortex)
	-5, 15, 32

	Ventral attention E (left posterior cingulate cortex) 
	-8, -24, 39

	Ventral attention F (left anterior insula)
	-31, 11, 8

	Control A (left frontal pole)
	-40, 50, 7

	Control B (left supramarginal gyrus/superior parietal lobule)
	-43, -50, 46

	Control C (left middle temporal gyrus)
	-57, -54, -9

	Control D (left dorsomedial prefrontal cortex)
	-5, 22, 47

	Control E (left mid-cingulate cortex)
	-6, 4, 29

	Control F (left precuneus)
	-4, -76, 45

	Default A (left superior frontal cortex)
	-27, 23, 48

	Default B (left angular gyrus)
	-41, -60, 29

	Default C (left middle temporal gyrus)
	-64, -20, -9

	Default D (left anterior medial frontal cortex)
	-7, 49, 18

	Default E (left parahippocampal gyrus)
	-25, -32, -18

	Default F (left posterior cingulate cortex)
	-7, -52, 26

	Left motor cortex 
	-36, -25, 57

	Left auditory cortex  
	-43, -26, 12

	Left visual cortex  
	-30, -88, 0



3. Results images should be converted to z-maps, making data sharing as a CDE easier. 

Interpretational issues:
1. Motion, even within allowable total limits, has been found to correlate with and potentially confound resting-state functional connectivity analyses (e.g., van Dijk et al., 2012), even when acquisition-by-acquisition motion parameters are regressed out during analysis. It is recommended therefore that investigators examine whether motion parameters differ between groups or individuals of interest and consider additional data processing with motion-specific approaches such as the recently proposed censoring method to remove higher motion acquisitions (Power et al., 2014).
2. Caution should be used when interpreting negative correlations in resting-state functional connectivity data (i.e., anticorrelations). While it is conceivable that these arise from physiological sources, these may also be artifactually introduced by global signal regression during preprocessing. While white matter and CSF signal regression should have minimal impact on anticorrelations, caution is nonetheless warranted.

	Participant:
	Adolescents and adults, ages 12 and older
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	Language of Source:
	English

	Personnel and Training Required: 
	The functional magnetic resonance imaging (fMRI) technician should be trained in the administration of functional and structural MRI scans with respect to positioning and instructing the subject (e.g., not to move), running the scanner console and assessing whether appropriate data were collected.

	Equipment Needs:
	Resting-state functional magnetic resonance imaging (fMRI) is a 1.5T or greater MRI scanner.  

	Protocol Type:
	Physiological measurement

	Requirements:
	
	Requirements Category
	Required (Yes/No):

	Major equipment
	Yes

	Specialized training 
	Yes

	Specialized requirements for biospecimen collection 
	No

	Average time of greater than 15 minutes in an unaffected individual
	Yes




	Common Data Elements:
	TBD by PhenX Staff
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	Additional Information About the Measure

	Essential Data:
	Gender, Current Age

	Related PhenX Measures:
	None

	Derived Variables:
	None

	Keywords/Related Concepts: 
	Functional magnetic resonance imaging (fMRI), magnetic resonance imaging (MRI), trauma, post-traumatic stress disorder (PTSD), neuroimaging, resting-state fMRI 
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