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Pittsburgh Imaging Community Retreat – 2013: Bench to Bedside MRI

University of Pittsburgh Biomedical Science Tower  

October 21st, 2013 12:00PM-5:00PM

11:30-12:00 Pick up name tags and hang posters

12:00-12:30 Welcome and Introduction
Caterina Rosano, MD, MPH- Introduction

Hoby Hetherington, PhD - Overview of MRRC (Pitt)

Moira Hitchens, PhD- Description of poster session/round table 

12:30-2:00 Lunch and poster viewing 

2:15-3:45 Virtual tours and highlights of cutting-edge research at MRI facilities in the Pittsburgh Community 

2:15-2:30 Marcel Just, PhD (SIBR-CMU)
2:30-2:45 Michael Gach, PhD (UPCI-Pitt)
2:45-3:00 Ashok Panigrahy, MD (Children’s Hospital-Pitt)
3:00-3:15 Michael Modo, PhD (Neuroimaging Lab-Pitt)
3:15-3:30 Kevin Hitchens, PhD (NMR Center-CMU)
3:30-3:45 Julie Fiez, PhD (NIC-Pitt)

3:45-4:45 Round Table Discussion  
	Roundtables topics and moderators: 
1. MR and Preclinical Models [animal models] - Kevin Hitchens, PhD and Mike Gach, PhD
1. MR Acquisition, Analysis and Hardware - Jullie Pan, MD PhD and Gustavo Rohde, PhD
1. Imaging of Pathology in the CNS - Ashok Panigrahy, MD and Mary Phillips, MD 
1. Imaging of Pathology, non-CNS - Ty Bae, MD PhD and Xiang He, PhD
1. Imaging of Mind and Brain in Healthy Subjects -Beatriz Luna, PhD and Greg Siegle, PhD 
1. High field imaging and MR/PET –Tamer Ibrahim, PhD and Chet Mathis, PhD



4:45-5:00 Poster Award Ceremony (M. Hitchens) and closing remarks (H. Hetherington)  



POSTERS

MR and Preclinical Models
1. Foley: A novel study of systemic inflammation following blast exposure using 19F MRI
2. Foley: Effect of moderate hyperthermia on inflammation following experimental traumatic brain injury in mice
3. Jin: The CEST effect of guanidine protons can be used as a positive contrast in ischemia
4. Ling: Selective detection of chemical exchange specific relaxation rate in cartilageous tissue by iTIP gagCEST
5. Liu: Decreased reticuloendothelial system clearance and increased blood half-life and immune cell labeling for nano- and micro-sized MRI contrast agents upon pre-treatment with intralipid
6. Poplawsky: fMRI of odor vs. direct micro-stimulation measures layer-specific hemodynamic regulation of the olfactory bulb
7. Vazquez: Spatio-temporal properties of hemodynamic responses elicited by photo-stimulation of channelrhodopsin -2 mice 
8. Vazquez: Vazquez: Spatial resolution of hemodynamic resting state imaging in ferret visual cortx 
9. Wu: FDA-approved intralipid can protect hearts against ischemic reperfusion injury: an integrated cellular and functional cardiac MRI study
10. Wu: Differential play of macrophages and T-lymphocytes in acute allograft cardiac rejection: in vivo cellular MRI detection and a new iron-oxide particle
11. Wu: Real-time fast cardiac imaging of transplanted hearts
12. Ye: A novel working heart transplant rat model for preclinical investigation of cardiovascular diseases by MRI

MR Acquisition, Analysis and Hardware
13. Gach: Understanding labeling efficiency in pseudo-continuous arterial spin labeling (pCASL)
14. Gilman: A Matlab-based toolbox for pCASL MRI analysis
15. Kim: In vivo breast MR imaging at 7T MRI: simulation and experimental studies
16. Krishnamurthy: T2* SWI imaging at 7T using RF shimming
17. Qian: Two-component T2* mapping on knee patients: preliminary results
18. Raval: 7T Tx body coil with Rx-only insert: preliminary results
19. Schirda: In vivo brain 3D RSI (Rosette Spectroscopic Imaging) with spherical/ellipsoidal encoding: comparison to 3D RSI with cylindrical encoding and to ellipsoidal CSI
20. Song: Respiratory motion prediction (RMP) in free-breathing perfusion MRI
21. Wood: Anatomically detailed human head phantom
22. Zhao: SAR constraint homogeneous B1* field and eddy currents ghosting reduced EPI images at 7T

Imaging of Pathology in the CNS
23. Allen: Reduced thalamic gray matter volume in prehypertensive vs. normotensive Adults
24. Bebko: Dimensional versus diagnostic category-related reward circuitry function in mood dysregulated youth in the Longitudinal Assessment of Manic Symptoms (LAMS) study
25. Bertocci: Behavioral and emotional dysregulation trajectories marked by prefrontal-amygdala function in symptomatic youth
26. Fedor: Maturation of the neural substrates underlying face recognition typically and in autism
27. Hetherington: Imaging of neuronal injury in mild traumatic brain injury due to blast exposure
28. Jones: Parameters of transient post-stroke hypotension associated with peri-infract depolarizations
29. Novelli: 7Telsa brain MRI pilot/feasibility study of cognitive impairment in adult patients with HbSS disease
30. Rosario: Relationship of brain microstructure with gait speed in the oldest old: a multi-modal neuroimaging approach

Imaging of Pathology, non-CNS
31. Janjic: Theranostic nanomedicine for chronic pain: opportunities unexplored
32. Song: Imaging lentiviral reservoirs in vivo based on molecular imaging reporter genes
33. White: Cross-linked polyacrylamide hydrogel nanoparticles: new molecular imaging agents for MRI and positron emission tomography

Imaging of Mind & Brain in Healthy Subjects
34. Chase: Accounting for dynamic fluctuations across time when examining test-retest reliability: analysis of a reward paradigm in the EMBARC study
35. Foran: The importance of applying physiological regression to rsfMR
36. Huppert: Optical brain imaging at the MRRC
37. T. Kim: Whole brain perfusion and arterial blood volume measurements with multiband acquisition
38. Krieger: NeuroElectric Tomography: very high resolution functional brain imaging
39. Larsen: In vivo evidence of neurophysiological change in human adolescent striatum
40. Marek: Development of functional brain networks from late childhood through late adolescence
41. Paulsen: Developmental changes in incentive processing during inhibitory control: a longitudinal fMRI study
42. Perlman: Brain mechanisms for frustration in children: atypical processing of social reward
43. Rosso: Higher step length variability indicates lower grey matter integrity in selected regions in older adults 
44. Rosso: White matter hyperintensities and gait speed in older adults: interactions with muscle strength and executive function
45. Simmonds: Contributions of local and network processes to the development of working memory

Imaging of Normal Physiology
46. He: Multi-bolus pulsed ASL for improved renal perfusion quantification
47. Moon: Quantitative 23Na MRI of human knee cartilage using dual-tuned 1H/23Na transceiver array RF coil at 7T
48. Wu: Quantitative MRI biomarkers for risk-reducing salpingo-oophorectomy response in high-risk women of breast cancer







A Novel Study of Systemic Inflammation Following Blast Exposure using 19F MRI

Lesley M. Foley1, T. Kevin Hitchens1,2, Cory A. Riccio3, Stephen R. Wisniewski4, Joseph B. Long3, Patrick M. Kochanek5,6

1Pittsburgh NMR Center for Biomedical Research, Carnegie Mellon University, Pittsburgh, PA, 3Department of Biological Sciences, Carnegie Mellon University, Pittsburgh, PA, 2Division of Military Casualty Research, Walter Reed Army Institute of Research, Silver Spring, MD, 4Department of Epidemiology, Graduate School of Public Health, University of Pittsburgh, Pittsburgh, PA, 5Safar Center for Resuscitation Research, University of Pittsburgh School of Medicine, Pittsburgh, PA, 6Departments of Critical Care Medicine, Pediatrics and Anesthesiology, University of Pittsburgh School of Medicine, Pittsburgh, PA.

BACKGROUND AND SIGNIFICANCE
	Blast injury results in multiple organ damage and overpressure alone may not precisely indicate the level of injury after blast exposure. Therefore assessment of the extent of injury to the body following blast exposure is important. The purpose of this study was to examine systemic inflammation by MRI following blast exposure by tracking macrophage/monocyte infiltration by the labeling of these cells with a fluorine contrast agent.	

METHODS
	Rats (n=19) were anesthetized and placed prone, 2.5 feet inside the open end of the 15 feet long shock tube perpendicular to the shock waves, and exposed to a single or repeated blast overpressure (19.2 psi) by rupture of Mylar membranes; a group of sham rats did not undergo blast. At different time points rats were injected with a fluorine contrast agent (VS580, Cellsense, Pittsburgh, PA) and then euthanized and fixed.
	The rats were imaged in 4 sections, on a 7T 21 cm Bruker Biospec AVANCE 3 scanner. 19F quantification was performed over 128 slices in each rat using Voxel Tracker software. 
 
RESULTS 
	82 regions of interest (ROI) were identified that contained fluorine-labeled macrophages throughout the bodies of the animals in all groups. Rats that underwent repeated blast exposure had the highest levels of macrophage accumulation in many of the ROI’s. Only animals that suffered blast injury had signal in their ear canals when compared with shams.

CONCLUSION
	These findings demonstrate that 19F MRI is very effective in detecting systemic injury as a result of shock tube-generated overpressure. 


Effect of Moderate Hyperthermia on Inflammation Following Experimental Traumatic Brain Injury in Mice

Lesley M. Foley1, Steven L. Shein2, Vincent A. Vagni2, T. Kevin Hitchens1,3, Chien Ho1,3, Patrick M. Kochanek2,4

1Pittsburgh NMR Center for Biomedical Research, Carnegie Mellon University, Pittsburgh, PA, United States, 2Safar Center for Resuscitation Research, University of Pittsburgh School of Medicine, Pittsburgh, PA, United States, 3Department of Biological Sciences, Carnegie Mellon University, Pittsburgh, PA, United States 4Departments of Critical Care Medicine, Pediatrics and Anesthesiology, University of Pittsburgh School of Medicine, Pittsburgh, PA, United States.

BACKGROUND AND SIGNIFICANCE
	In the clinical setting, secondary insults such as hypotension, hypoxia, sepsis, etc, can determine the extent of neurological recovery after head injury. For patients with traumatic brain injury (TBI), pyrexia is a regular occurrence, and the commonly held assumption is that a mild to moderate rise in temperature is detrimental to outcome.  In this study we examined the inflammatory response in the brain, following TBI and moderate hyperthermia (39°C) by tracking macrophages/monocytes labeled in situ with micron-sized superparamagnetic iron-oxide particles (MPIO).

METHODS
	Mice were anesthetized and underwent controlled cortical impact (CCI). 24 H post CCI, mice were injected with MPIO (4.5 mg/kg) and 30 min later subjected to either normothermia (37°C, n=3) or hyperthermia (39°C, n=4) for 2 H. 7 days post CCI animals were euthanized, and fixed.  
 	3D images of the excised brains were acquired using an 11.7-Tesla, 89 mm bore Bruker AVANCE spectrometer, equipped with a Micro2.5 gradient insert. 

RESULTS
Mice that were exposed to 2 H of moderate hyperthermia had a more robust inflammatory response following TBI when compared with mice that were maintained at normothermic temperatures for the same time period. This increase was seen throughout the entire brain, not just in the contusion area or injured hemisphere. 

CONCLUSION
	Moderate hyperthermia leads to a robust increase in inflammatory cells (mainly macrophages/monocytes) in the injured brain following head injury. Though the ramifications of this significant increase in macrophages has yet to be determined, this may have clinical implications for the control of pyrexia.




The CEST effect of guanidine protons can be used as a positive contrast in ischemia
Tao Jin and Seong-Gi Kim
Department of Radiology, University of Pittsburgh, Pittsburgh, PA, 15203

Background and Significance 
CEST imaging utilizing the endogenous amide-proton transfer (APT) effect has showed great potential in stroke studies, but the sensitivity is low and contrast is negative. Here we examine the sensitivity of a novel acquisition scheme utilizing the CEST effect of both the amide and guanidine protons for generating positive stroke contrast.

Methods 
Sprague-Dawley rats underwent permanent middle cerebral artery occlusion. CEST images were measured together with ADC maps. Off-resonance irradiation was applied at various offset and power levels. 

Results 
CEST Z-spectra measured with a 0.8 T and 4 s saturation pulses showed that compared with contralateral ROI, at the ipsilateral ROI the amide peak at 3.6 ppm decreases while the guanidine peak at 2 ppm increases. Comparison of Z-spectra measured with four different B1 levels at the contralateral and ipsilateral ROIs showed that the ischemic contrast for amide and guanidine signals reach maximum for 1.3 T and 0.8 T, respectively. With power levels adjusted to balance the direct water saturation effect, a dual CEST contrast utilizing both amide and guanidine signals can be generated. We found that the magnitude of contrast between ipsilateral and contralateral ROIs of the dual contrast CEST map is about 50% higher than that of APT-weighted images.

Conclusions
Amide and guanidine proton shows opposite CEST contrast at stroke lesion. With careful choice of B1 level, dual contrast of amide and guanidine can be applied to give a positive ischemic contrast, and to enhance the sensitivity of detecting ischemic lesion.



Selective detection of Chemical Exchange specific Relaxation Rate in cartilageous tissue by iTIP gagCEST
                                	1Wen Ling, 1Tao Jin, 2Rob Hartman, 2Nam Vo, 2Gwendolyn Sowa, 
*2James Kang, 1Michel Modo, *1Ty Bae
1Dept. of Radiology; 2Dept. of Orthopaedic Surgery
Audience: 
Musculoskeletal radiologists/researchers, people who are interested in molecular imaging and CEST  and T1ρ contrast.
Theory and methods: 
Quantitative measurements of cartilageous tissue, such as cartilage and spine disc, are hampered by the presence of residual dipolar coupling. It has been demonstrated that selectively detection of relaxation constant solely from chemical exchange (CE) can readily distinguish healthy cartilage from OA cartilage. Previously gagCEST (detection glycosaminoglycan via CE saturation transfer) had been introduced to detect proteoglycan (PG) selectively in a qualitative manner. PG is the primary resource of CE in such tissues. Recently, Tao et al. developed a new theoretical frame for CEST application, which demonstrates that CEST can be conducted through spin-lock (SL) T1 technique with toggle on/off a pre-inversion pulse (iTIP CEST). Similar to classic CEST, its contrast is often assessed as PTR (proton transfer rate) from the difference between magnetization MiTIP measured at the labile proton frequency  (label frequency) and at the reference frequency of -, which is referred to as the asymmetry analysis:
                                    	[1]
				[2]
Instead, iTIP CEST can also be accessed as: 
		[3]
where MiSL  is the iTIP CEST preceded with an inversion pulse (Fig. 4b), and TSL is the duration of SL. Eqn[3] has the explicit analytical form only depending on CE parameters and RF parameter ω1, and does not have R1  and R2  relaxation terms.
Significance:
Tao et al. prove that CEST and T1ρ theory can be conducted in unified approach. This method not only produced higher CEST contrast, but also exclude R1 , R2 and minimize the magnetization transfer effect. We first demonstrate that selectively detect CE specific relaxation is possible in clinical scanner by the proposed method, which is ready to transfer to 7T human scanner.
Results: 
iTIP gagCEST has been applied on both healthy cartilage and spine disc on 9.4T Varian scanner. The results from eqn[2] is ~10% for cartilage and ~32% for disc nucleus  pulposus, and ~5% for annulus fibrosus, all of which are higher than reported value from similar platform. R1,asym has been extracted as 1.6 s-1, 2.2 s-1, 0.4 s-1, respectively, which need to be correlated with biochemical assay of PG.


Decreased Reticuloendothelial System Clearance and Increased Blood Half-Life and Immune Cell Labeling for Nano- and Micron-Sized MRI Contrast Agents upon Pre-Treatment with Intralipid

Li Liu1, T. Kevin Hitchens1, Qing Ye1, Yijen Wu1, Brent Barbe1, Devin Elizabeth Prior 1, Wendy Fei Li1, Lesley M. Foley1, Fang-Cheng Yeh1, Daniel J. Bain2, and Chien Ho1
1 Pittsburgh NMR Center for Biomedical Research and Department of Biological Sciences, Carnegie Mellon University, Pittsburgh, PA; 2 Department of Geology and Planetary Science, University of Pittsburgh, Pittsburgh, PA

Background and Significance: Non-invasive in-vivo magnetic resonance imaging (MRI) of monocytes/macrophages labeled with MRI contrast agents may lead to a better understanding of the pathogenesis of many diseases, including graft rejection, tumors, renal ischemia, Alzheimer's disease, etc. MRI contrast agents are generally cleared by the reticuloendothelial system (RES), in particular by liver Kupffer cells. Strategies that reduce liver uptake and prolong the circulation time of these agents can improve the in-vivo labeling efficiency of monocytes/macrophages and lower the required effective dose. In this study, we set out to find an FDA approved agent that could achieve this goal.

Methods: Intralipid 20% (FDA approved nutritional supplement) was intravenously administered in rats at the clinical dose (2 g/kg) 1 h before intravenous injection of ultra-small superparamagnetic iron-oxide (USPIO) or micron-sized paramagnetic iron-oxide (MPIO) particles. Particle biodistribution, blood half-life, and monocyte labeling were assessed by ICP-MS, histology, magnetic resonance relaxometry, and flow cytometry.  

Results: With Intralipid pre-treatment, there was a 49% and 45% reduction in liver uptake vs. untreated controls at 48 h for USPIO and MPIO, respectively. Pre-treatment with Intralipid resulted in a 3-fold increase in USPIO blood half-life and a 2-fold increase in USPIO-labeled monocytes. A 2.5-fold increase in MPIO blood half-life and a 5-fold increase in MPIO-labeled monocytes were observed following Intralipid treatment. 

Conclusions: Intralipid pre-treatment significantly decreases initial RES uptake and increases in-vivo circulation and blood monocyte labeling efficiency for MRI contrast agents. Our findings can have broad applications for imaging and drug delivery applications.



fMRI of odor vs. direct micro-stimulation measures layer-specific hemodynamic regulation in the olfactory bulb

Alexander J. Poplawsky1, Hiro Fukuda1, Xiaopeng Zong1, Bistra Iordanova1 and Seong-Gi Kim1,2,3

Depts. of Radiology1, Bioengineering2 and Neurobiology3

Background and Significance: Functional magnetic resonance imaging (fMRI) measures the hemodynamic response to neural activity; and, therefore, has a vascular origin. In this way, it is yet unclear if hemodynamic regulation is specific to sites of neural activation at high spatial resolutions, such as at individual cortical layers. The olfactory bulb is an ideal model system to study layer-specific activation because 1) all layers are discrete and easily identifiable with anatomical MRI and 2) neurons in different layers can be preferentially activated with different stimuli. 

Methods: In anesthetized Sprague-Dawley rats, the bulb was activated with odor (5% amyl acetate) or electrical micro-stimulation of either lateral olfactory tract (LOT) or anterior commissure (AC) and the cerebral blood volume (CBV)-weighted fMRI responses were compared. This fMRI technique was previously shown to have decreased signal contributions from large blood vessels and increased sensitivity in capillaries near the site of neural activity. High-resolution fMRI experiments (110x110x500 µm3) were performed at 9.4 T and CBV weighting was achieved by injection of mono-crystalline iron oxide nanoparticles. 

Results: Different, layer-specific activation patterns were observed for the three stimulation paradigms. Specifically, a greater CBV response was observed in superficial bulb layers for odor stimulation, while the CBV response was shifted toward middle and deep layers for LOT and AC stimulations, respectively. In addition, the CBV activation patterns are consistent with the sites of electrical neural activity for each respective stimulus.

Conclusions: Our results indicate that CBV is regulated at the laminar resolution and can be differentiated with fMRI.


Spatio-temporal Properties of Hemodynamic Responses Elicited by Photo-stimulation of Channelrhodopsin-2 Mice
Authors:  Vazquez AL, Fukuda M, Crowley JC, Kim SG

Hemodynamic responses are commonly used to map brain activity; however, their spatial limits have remained unclear because of the lack of a well-defined and malleable spatial stimulus. To examine the properties of neural activity and hemodynamic responses, multiunit activity, local field potential, cerebral blood volume (CBV)-sensitive optical imaging, and laser Doppler flowmetry were measured from the somatosensory cortex of transgenic mice expressing Channelr- hodopsin-2 in cortex Layer 5 pyramidal neurons. The magnitude and extent of neural and hemodynamic responses were modulated using different photostimulation parameters and compared with those induced by somatosensory stimulation. Photostimulation-evoked spiking activity across cortical layers was similar to forelimb stimu- lation, although their activity originated in different layers. Hemodynamic responses induced by forelimb- and photostimulation were similar in magnitude and shape, although the former were slightly larger in amplitude and wider in extent. Altogether, the neurovascu- lar relationship differed between these 2 stimulation pathways, but photostimulation-evoked changes in neural and hemodynamic activities were linearly correlated. Hemodynamic point spread functions were estimated from the photostimulation data and its full-width at half-maximum ranged between 103 and 175 μm. Therefore, submilli- meter functional structures separated by a few hundred micrometers may be resolved using hemodynamic methods, such as optical imaging and functional magnetic resonance imaging.


Spatial Resolution of Hemodynamic Resting State Imaging in Ferret Visual Cortex
Authors:  Vasireddi A, Vazquez AL, Fukuda M, Whitney D, Georgopoulos A, Kim SG

Communication within and between different cortical systems is paramount to the proper functioning of the brain. Functional connectivity studies investigate how different regions in the brain are connected by looking for causal or in-phase changes in hemodynamic activity within these regions. Functional connectivity is typically studied while the subjects are performing tasks intended to evoke an activity of interest; however, such studies are limited by the very need to evoke a response from an individual.  This may often not be possible in a clinical setting, especially if the individual is experiencing neuropsychiatric symptoms limiting their ability to perform the required task. Interestingly, hemodynamic fluctuations revealing connectivity within known brain systems have also been observed in resting states. Hemodynamic based functional connectivity studies while at rest have gained significant traction because the level of connectivity has been shown to dampen with neurodegeneration associated with a number of neuropsychiatric disorders. Identification of resting state functional connectivity networks in the brain would allow for the assessment of these networks and the degree of pathology associated with their deterioration in such patients.
This project relies on the functional organization of orientation column domains in the mammalian primary visual cortex to determine whether resting state hemodynamic changes exist at this spatial scale. Orientation columns consist of regions that respond to visual stimuli organized as edges or lines in visual space. Lines oriented at different angles activate different orientation columns; this specificity of an orientation column’s response to the angle of an edge or line in space is known as its orientation preference. Previous work at the Kim Lab has shown that in ferrets, different orientation columns with the same orientation preference show similar hemodynamic patterns under intrinsic optical imaging (IOI) when presented with visual line stimuli at varying angles. These columns are known to be directly connected to each other . This project aims to visualize temporal hemodynamic changes within the orientation columns of resting ferrets using an intrinsic optical imaging system (IOI). These network connections appear to persist in the resting state.


FDA-approved Intralipid Can Protect Hearts Against Ischemic Reperfusion Injury: An Integrated Cellular and Functional Cardiac MRI Study
Yijen Lin Wu1, Brent D Barbe1, Li Liu1, T. Kevin Hitchens1, and Chien Ho1,2
1Pittsburgh NMR Center for Biomedical Research, Carnegie Mellon University, Pittsburgh, PA, United States, 2Department of Biological Sciences, Carnegie Mellon University, Pittsburgh, PA, United States


NTRODUCTION
After an ischemic cardiac event, even with successful blood-flow restoration, ischemia reperfusion injury (IRI) often results in greater tissue damage.  “Intralipid”, is a FDA-approved safe fat emulsion as intravenous nutritious supplement. The goal of this study is to investigate the potential protective effects of Intralipid against IRI in a pre-clinical rodent model.

METHODS
Animal model: 40 male BN rats were subjected to transient 45-min LAD occlusion, in which 22 were given Intralipid.  Additional 6 sham animals were subjected to the same surgical procedure.

In-situ inflammation: The inflammation status of the myocardium is assessed by cellular MRI at 7-Tesla, with in-vivo labeling of micrometer-sized-iron-oxide (MPIO) particles. 

Integrated multi-parameter cardiac function: Global systolic cardiac functions and anatomical changes were evaluated with cine MRI.  Regional wall motion and strains were assessed by tagging MRI followed by strain analysis.  Myocardial perfusion and infarction is measured by 1st-pass dynamic with a single bolus Gd administration and late-gadolinium-enhancement (LGE).  

RESULTS
After transient ischemia, hypointensity can be detected in the IRI site of myocardium with in-vivo-T2*-weighted MRI, indicating the accumulation of MPIO-labeled-macrophages.   Animals with Intralipid treatment, however, showed much reduced in-situ inflammation.  Intralipid-treated animals exhibited reduced myocardial atrophy and preserved much of the cardiac function after ischemic insults, including SV and EF, regional wall motion and myocardial perfusion. Although Intralipid treatment greatly decreased the local myocardial inflammation in the IRI hearts, Intralipid did not change systemic immune response.

CONCLUSION
Our results indicate that Intralipid treatment can protect hearts against IRI.   It can specifically reduce in-situ myocardial inflammation, preserve cardiac function, and reduce adverse remodeling.




Differential Play of Macrophages and T-lymphocytes in Acute Allograft Cardiac Rejection: in vivo Cellular MRI Detection with a New Iron-oxide Particle
Yijen Lin Wu1, Li Liu1, Qing Ye1, Brent D Barbe1, T. Kevin Hitchens1, and Chien Ho1,2
1Pittsburgh NMR Center for Biomedical Research, Carnegie Mellon University, Pittsburgh, PA, United States, 2Department of Biological Sciences, Carnegie Mellon
University, Pittsburgh, PA, United States

INTRODUCTION
	Cellular MRI with iron-oxide-based-contrast-agents offers the potential to track many cell types in vivo.at high resolution.  T-lymphocytes are key players in cell-mediated immunity and the ability to monitor T-cells in vivo is useful in developing therapeutic strategies and understanding biological processes, including organ rejection.  However, T-cells generally exhibit low incorporation by simple co-incubation, which makes tracking them with MRI in vivo challenging.  We have developed a new class of iron-oxide nano-particles, ITRI-IOPC-NH2 particles with increased positive charge and terminal amino groups, which can label T-cells by simple co-incubation.  We explored the feasibility of tracking T-cells in a rodent heterotopic heart and lung transplantation model, and compared to effects with macrophages, another gateway cells for immunity.  

METHODS 
Iron-oxide nano-particles and cell labeling: 	Cationic ITRI-IOPC-NH2 particles were synthesized from IOPC particles, coated with polyethylene glycol (PEG), and contain a terminal carboxyl group on the surface, which allows versatile chemical manipulation.  Various fluorescent probes, including FITC, DyLight 649, Cy3, Cy5, can be incorporated with the particles.  T-lymphocytes or macrophages are isolated from spleens and are labeled in culture by co-incubation with IOPC-NH2 particles.  
Animal model:  	A rodent heterotopic heart-and-lung transplantation mode in abdomen is implemented for this study.  The natural configuration of pulmonary and coronary circulation is preserved; the graft heart receives sufficient volume and pressure loading and exhibits wall motion close to native hearts.  
MRI:  	IOPC-NH2-labeled T-cells or macrophages are monitored with both in-vivo and ex-vivo T2*-MRI.  

RESULTS
	After single administration of ITRI-IOPC-NH2-labeled T-cells or IOPC-NH2-labeled macrophages on POD 4, patches hypointensity can be seen in the transplanted allograft hearts and lungs with T2*-MRI on POD 5 and 6. The areas with hypointensity are immune cell infiltration foci due to rejection.  In this transplant model, allograft heart and lung developed moderate acute rejection on POD 5 to 6, and more severe rejection on POD 6 to 7.  Interestingly, as acute rejection progresses over time, the signal intensity continues to decrease with macrophage administration, but the signal intensity recovers on POD 6 with T-cell administration, despite of increasing in rejection severity. This result is consistent with cytokine profiles.  This observation indicates that macrophages and T-cells play different roles with different timing during the rejection processes.  Ex-vivo MRI and pathology shows that hypointensity detected are ITRI-IOPC-NH2-containing CD3-positive T-cells or ED1-positive macrophages.

CONCLUSION
	Our preliminary results show that the IOPC-NH2 particles can label T-cells by co-incubation  without additional manipulation, and the IOPC-NH2-labeled T-cells can be detected in rejecting allograft transplanted hearts and lungs.  Moreover, the IOPC-NH2-labeled T-cells and macrophages show different temporal and spatial distribution as the rejection progresses.  This indicates that the T-cells and macrophages play different roles in rejection, and our IOPC-NH2 particles conjugated with various fluorescent probes can be valuable in mechanistic investigation.

Real-time Fast Cardiac Imaging of Transplanted Hearts
Anthony G. Christodoulou1, Yijen L. Wu2, Qing Ye2, T. Kevin Hitchens2, Chien Ho2, and Zhi-Pei Liang1
1Department of Electrical and Computer Engineering, University of Illinois at Urbana-Champaign, Urbana, IL, 2Pittsburgh NMR Center for Biomedical Research, Department of Biological Sciences, Carnegie Mellon University, Pittsburgh, PA, United States

INTRODUCTION
Cardiovascular MRI is invaluable for noninvasive assessment cardiac function in transplanted hearts, but overcoming motion is challenging, especially in small animals in fast heart rates.  The goal of this project is to speed up cardiac MRI utilizing the properties of the underlying signals (i.e., sparsity and low-rank structure) and for integrated anatomical (i.e., ejection fraction) and functional (i.e., first-pass myocardial perfusion) assessments of in vivo transplanted rat hearts in a single scan.

METHODS AND MATERIALS
Allograft heart and lung transplants were performed from male Dark Agouti to male Brown Norway rats, with each recipient gaining an additional heart and lung in the abdomen while the native organs supported life. The allograft hearts underwent different degrees of rejection over time, experiencing moderate rejection on post-operational day (POD) 5; by POD 7, the majority of the allograft hearts had become severely rejected.
In vivo MRI scans were performed on POD 5 and POD 7 for longitudinal monitoring of rejection on the same animals. Real-time images of cardiac motion, respiratory motion, and first-pass myocardial perfusion were acquired via the PS-Sparse imaging method, using a FLASH sequence (TR/TE = 10.4/2.7 ms, FOV 40 mm × 40 mm, matrix size = 256 × 256, in-plane spatial resolution = 156 μm × 156 μm, slice thickness = 2 mm) which alternates between acquisition of the dense and sparse subsets of data. The resulting frame rate of each reconstruction was equal to 48 fps. For the purposes of assessing first-pass myocardial perfusion, a 0.05 mmol/kg bolus of Gd-based contrast agent after the start of data acquisition. No gating, triggering, or breathhold was used. All data were collected on a Bruker Avance III (7 T / 21 cm) instrument.

RESULTS AND DISCUSSION
We used sparse sampling of (k, t)-space to achieve real-time imaging and enable simultaneous functional and morphological assessment of the transplanted heart. Sparse sampling is achieved using an advanced compressed sensing technique, known as the PS-Sparse method, which jointly enforces two complementary properties of cardiovascular images: spatiotemporal partial separability and spatial-spectral sparsity. Integrated enforcement of these properties leverages the strengths of the PS model and compressed sensing to achieve higher imaging speeds. To aid image reconstruction, we sparsely sampled (k, t)-space using a scheme wherein two datasets are obtained: one dense subset with high temporal resolution and one sparse subset with high spatial resolution.  The frame rate was 1.25 sec per 256 X 256 image frame.  Snapshots from any cardiac phase, as well as spatiotemporal profiles throughout the cardiac cycle can be elucidated from the k, t sampling.  Our results showed that cardiac motion, systolic functions, and myocardial perfusion can be correctly quantified with this fast no-gating free-breathing imaging method.  Allograft rejection can be non-invasively evaluated.  

CONCLUSION
This paper demonstrated real-time imaging using sparse sampling for detection of immune response in transplanted heart. By exploiting the partial separability and sparsity of the cardiac signals (using the PS-Sparse method), both anatomical and functional assessments of transplanted hearts in rats were enabled. These assessments are able to detect acute transplant rejection of allograft transplants. The integration of these assessments into a single scan shows promise for fast, noninvasive detection of acute heart transplant rejection and may provide a useful tool for studying organ rejection, even in small rodents.


A Novel Working Heart Transplant Rat Model for Preclinical Investigation of Cardiovascular Diseases by MRI
Qing Ye*, Yijen L. Wu*, Fang-Cheng Yeh, Li Liu, Brent D. Barbe, Lesley M. Foley,
 T. Kevin Hitchens and Chien Ho

Pittsburgh NMR Center for Biomedical Research, Carnegie Mellon University, Pittsburgh, PA
* Contributed equally

Background and Significance: Animal models play important role for development of MRI technology for preclinical investigation of cardiovascular diseases. Here, we have compared the conventional heart transplantation model which lacks blood flow toward left ventricle (Non-WkHt) with a novel working heart (WkHt) transplantation rat model for MRI study of heart transplant rejection and ischemia/reperfusion injury (IRI). Our data indicated that WkHt may mimic clinic setting of heart transplantation. 

Methods: Our WkHt model was produced by anastomosis of graft aorta and superior vena cava to recipient abdominal aorta and inferior vena cava, respectively.  Cine and tagging MRI were used to assess cardiac function, and cellular MRI was performed using T2*-weighted MRI to detect micro-meter sized iron in situ labeled macrophage infiltration at 7 Tesla.

Results: WkHt displays filling and ejecting cardiac phases comparable to native hearts. The isograft stroke volume (SV) is near to normal condition and the ejection fraction (EF) is greater than 90%. On the contrary, the isograft from Non-WkHt shows very little filling and ejecting, and its SV and EF are significantly lower than the WkHt. Tagging MRI and strain analysis show that allograft heart from WkHt model preserves much more wall motion than Non-WkHt. Interestingly, T2*-weighted MRI with MPIO-labeled macrophages shows different infiltration pattern in allografts between two models. 

Conclusions: Our WkHt model is not only useful for preclinical studies of inflammatory cardiovascular diseases such as transplant rejection and IRI but also for providing a good tool for development of clinically relevant cardiac MRI techniques.


Understanding Labeling Efficiency in Pseudo-Continuous Arterial Spin Labeling (pCASL)
H. Michael Gach1 and Maria Fernandez-Seara2
1University of Pittsburgh, Pittsburgh, PA and 2University of Navarra, Spain

Background: Pseudo-continuous arterial spin labeling (pCASL) is a perfusion MRI technique that labels blood water spins using radio frequency (RF) pulses to invert their nuclear spin angular momentum. Corresponding control images are acquired that match the off-resonance saturation effects of the labeling RF irradiation. Tissue perfusion maps are acquired from the difference (control - label) images. The difference signal is directly proportional to the aggregate pCASL labeling efficiency (α), and the perfusion map is calculated after normalization with α. Typically, α is assumed to be a fixed quantity (e.g., using the ASL Toolbox). 

Significance: pCASL is commonly used in cerebral blood flow research. pCASL is a more quantitative and safer alternative to perfusion MRI using exogenous gadolinium (Gd) tracers. Gd is contraindicated for the elderly or individuals with renal insufficiency.

Methods: α was calculated using a modified Zhernovoi model that was previously introduced to describe the labeling efficiency in adiabatic fast passage (AFP). Flow phantom measurements of pCASL label and control efficiencies were conducted for flow velocities of 14 to 112 cm/s. Bloch equation simulations and the Zhernovoi model were compared to flow phantom measurements.

Results: α is variable and dependent on the arterial blood velocity v, the RF amplitude B1, and the mean labeling gradient amplitude.

Conclusions: Improved estimates of α, and thus perfusion, can be obtained for each subject by measuring B1 and v using MRI. Estimation of α is simple and can lead to improved accuracy in the calculation of perfusion using pCASL. 


A Matlab-Based Toolbox for pCASL MRI Analysis
Andrea G. Gillman1, Ph.D. & H. Michael Gach, Ph.D.1,2
1University of Pittsburgh Cancer Institute; 2Department of Radiology & Bioengineering, University of Pittsburgh

Background: Arterial spin labeling (ASL) is a non-invasive MRI technique that measures tissue perfusion, e.g., cerebral blood flow (CBF), using blood water as an endogenous tracer. ASL is a difference imaging technique in which a labeled image is subtracted from an unlabeled control image. The tissue perfusion is directly proportional to the difference image as related through the Kety kinetic model for a freely diffusible tracer.  Pseudo-continuous ASL (pCASL) employs a train of RF pulses to invert blood water spins and is now commonly used at 3 T in research centers. 

Significance:  Many researchers who acquire ASL data create CBF maps using the University of Pennsylvania’s ASL toolbox written in Matlab. However, the ASL toolbox must be used with caution since it makes assumptions about the ASL acquisition and tracer arrival kinetics that may lead to errors in CBF. 

Methods: We have modified the ASL toolbox to improve CBF quantification for pCASL acquisitions based on the Kety/Buxton model. 

Results: The modified toolbox increases the operator control and flexibility in the CBF generation including acquisition direction and timing, and perfusion signal threshold and outlier filtering. The modified toolbox produces histograms of CBF values to allow the operator to incrementally improve their CBF processing. 

Conclusions:  The modified pCASL toolbox is a more reliable and accurate program for the analysis of pCASL images than the standard ASL toolbox.



 Junghwan Kim1, N. Krishnamurthy1, Y. Zhao1, K. T. Bae2, and T. S. Ibrahim1. 

1Department of Bioengineering and 2Department of Radiology, University of Pittsburgh, PA, USA. 

Background and Significance 
Breast cancer is one of the leading causes of death in women. Dynamic MR imaging is acquired to track the signal wash-in/-out pattern. Its kinetic information is used in assessing/diagnosing the changes of the breast tissue (2). Depiction of fine morphologic details of lesion can be observed only in early post-contrast phase (14). It has been reported that this pattern can be varied not only by the tissue characteristics but also caused by the B1+ field inhomogeniety (1). Acquiring breast MR images with high spatial resolution is also important, since the most powerful diagnostic criteria that are in use for differential diagnosis are based on lesion anatomy/morphology (1). 
Methods 
FDTD simulation was used to estimate the B1+ field and SAR in the breast model and compared to phantom. Max/Min (MOM) and Coef. of Var.(CoV. = std/mean) of B1+ and SAR was calculated to evaluate the B1+ Map (Fig. 1). Eight transmit and receive only arrays were developed. Three normal volunteers (29-32 yrs) were involved. Unilateral breast MRI using GRE-sequence with fat-saturation was applied. 
Results and conclusions 
MOM and CoV was ~2% higher and ~10% lower compare to the phantom (Fig. 1A and C). Measured mean SAR (0.354 W/Kg/10g) was approximately ~2.5 (2.67) times lower than the local peak SAR (0.9465 W/Kg/10g) measured (Fig. 1B). T1W breast MR imaging was successfully acquired with in-plane res. of 0.4 x 0.4mm2 and total scan time of 22 sec. (Fig. 1D). The breast MR imaging at 7T shows potential for detecting small changes in breast tissue.


[image: ]



Figure 1. B1+ field maps, SAR and in-vivo breast MR imaging at 7T. A) and B) shows the B1+ field map and SAR distribution of the breast Model. C) B1+ field map of breast phantom and D) T1W in-vivo human Breast MR imaging. 

1. Kopans DB. Breast Imaging. 2. Hadassa Degani VG et al. Mapping pathophysiological features of breast tumor by MRI at high spatial resolution. Nature Medicine 1997;3(7):780-782. 3. Kuhl CK et al. Contrast-enhanced MR Imaging of the Breast at 3.0 and 1.5 T in the Same Patients: Initial Experience1. Radiology 2006;239(3):666-676. 

T2* SWI imaging at 7T using RF shimming: 
Narayanan Krishnamurthy1, Yujuan Zhao1 , Kim Jung-Hwan1, Shailesh Raval1 ,  
Tiejun Zhao3 and Tamer S. Ibrahim1,2
1Department of Bioengineering, 2Department of Radiology, University of Pittsburgh, 3Siemens Medical Solutions
Background:
Homogeneity in spin excitation and low RF absorption (SAR) are important criteria for high field MRI. We have been able to obtain whole brain B1 homogeneity (max to min B1=2.6) via. RF shimming using the 20 Channel (Ch) Tx coil. We’ve shown the coil’s Tx field and scatter parameters obtained in experiments are in very good agreement with numerical simulation (1). Current work incorporates the effect of receive array on transmit coil RF fields (2). Thus, RF shimming and Tx sense parameters incorporates Rx array influence on SAR and spin excitation, for the coils used for imaging at 7T.
Significance:  By using 32 Ch Receive and RF shimming at 7T, we obtain high signal to noise images and/or speed up acquisition time. 
Methods: Susceptibility Weighted Images 0.2x0.2x3mm obtained with TR=2000,Flip Angle=50, TE=15, Using the 20 Ch Tx and 32 Ch Rx coils, scan time 16min are shown.
Results: We’ve been able to acquire fast gradient low flip angle Echo Planar and SWI images with the combination of coils and are currently evaluating the coils in acquiring resting state functional BOLD images and high flip angle MPRAGE images.
[bookmark: _ENREF_1]1.	Ibrahim TS, Hue YK, Tang L. Understanding and manipulating the RF fields at high field MRI. NMR Biomed. 2009;22(9):927-36.
[bookmark: _ENREF_2]2.	Krishnamurthy N, Zhao T, Ibrahim T. Effects of Receive-Only Inserts on SAR, B1+ Field and Tx Coil Performance. JMRI, Published Online 1 AUG 2013 DOI: 101002/jmri24152. 2013.




[bookmark: OLE_LINK1]Two-component T2* mapping on knee patients: Preliminary results*
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1MR Research Center, Department of Radiology, University of Pittsburgh, Pittsburgh, PA 15213, USA.
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*Presented at the 21th ISMRM Annual Meeting, 2013.

Background and Significance. Two-component T2* mapping has the capability to separate short- and long-T2* components. Separated components have two independent characteristic parameters of time constant and intensity fraction which may help detect subtle changes in T2* relaxation. Short-T2* has the potential to detect disruption of well-organized collagen fibers in cartilage which is an early sign of cartilage degeneration in the knee. Presented here is a preliminary study on a small group of patients with knee injuries, showing the potential of short-T2* relaxation to be a sensitive imaging biomarker for detecting cartilage degeneration in human. Methods. Six adult ACL patients at three arthroscopic grades (0-hard, 1-soft, and 2-superficial damage), with two patients at each grade, were scanned on a 3T clinical MRI scanner to acquire T2*-weighted MR images at 11 echo times (TE=0.6-40 ms). Two-component T2* mapping was performed on the acquired images pixel by pixel. Results. The maps of short- and long-T2* time and intensity fraction and single-component T2* time showed the layers in the healthy cartilages. Progressive degeneration by scope grade demonstrated greater progressive loss of laminae in the short-T2* relaxation than in the long-T2* relaxation or single T2* time. The short-T2* time decreased but intensity fraction increased with increasing scope grade. Conclusions. Short-T2* showed a better relation with scope grades than the long-T2* or single-T2*, suggesting that short-T2* relaxation may be more sensitive to severity of cartilage degeneration. 



7T Tx Body Coil with Rx-Only Insert: Priliminary Results
Shailesh B. Raval1, Yujuan Zhao1, Tiejun Zhao2, Narayanan Krishnamurthy1, Sossena Wood1, and Tamer S. Ibrahim1
1University of Pittsburgh, Pittsburgh, PA, United States, 2Siemens Medical Solutions, Pittsburgh, PA, United States
Introduction: Body imaging at 7 Tesla [1] faces considerable challenges such as RF power deposition, high field inhomogeneities, and significant technology development. The goal of this 7T preliminary study is to use multi-channel transmit (Tx) coil to target and excites the nuclei in spatially uniform manner in conjunction with a receive (Rx)-only insert that targets the kidney and liver. 
Theory: A 12 Channel transmits body array contains 3 decoupled sets of highly coupled 4-channel arrays with matching of minimum -18dB as shown in figure 1(a). Each 2x2 coaxial element has 4 independent Tx channels, creates independent RF excitation. Figure 1 (b) shows sixteen evenly distributed inductively decoupled surface loops with the size of 10 X10 cm[2]. All the loops have minimum of matching and isolation (between adjacent loops) of -15 dB.  
Methods: A 12 channel Tx and 16 channel Rx only coils were connected to a 7T human scanner to acquire B1 maps from all 12 transmit channels separately. Then the optimization method was performed to predict the variable phases of each excitation port of coil. RF pulse was designed using B1 shimming (phase only) algorithm to collect 8 slices over anatomy of interest.  In-vivo 7T images were acquired with the following parameters: TR: 100 ms. TE: 3.64 ms, Slices: 3, base resolution: 192, FOV: 200 mm, reference voltage: 111 voltage. [image: ]Figure 2. (Top) Optimized B1+ maps throughout homogeneous human body phantom and  (bottom) corresponding experimental data obtained at 7 Tesla
[image: figgggigigi]Figure 1. Assembled a) 12-Ch Transmit Body array(Body phantom conductivity: 0.8 s/m) and b)16-channel Receive insert.  



Results and Discussion: The Optimized and corresponding experimental B1+ maps are shown in Figure 2 (top and bottom respectively). Figure 3 shows Tx coil’s reflection and transmission coefficients on human subject. The initial result shows good penetration through the abdomen in figure 4. [image: ]Figure 3. Reflection and transmission coefficients for three coil sides on human subject: - Right, Top and Bottom respectively. 


[image: ]Figure 4. In vivo MR images of the Kidney at 7T.
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References: [1] 7 T Whole Body Imaging: Preliminary Results, J. Thomas Vaughan, MRM. 2009 Jan., 244–248 2. [2] The NMR phased array, P.B. Roemer, MRM Nov 2005, 192-225.
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In-vivo brain 3D RSI (Rosette Spectroscopic Imaging) with spherical/ellipsoidal encoding. Comparison to 3D RSI with cylindrical encoding and to ellipsoidal CSI.

Claudiu Schirda1, Tiejun Zhao2, Ovidiu Andronesi3, and Fernando Boada1

1Radiology, University of Pittsburgh School of Medicine, Pittsburgh, PA, United States, 2Siemens Medical Solutions, Pittsburgh, PA, United States, 
3Radiology, Massachusetts General Hospital, Boston, MA, United States




Background: With the increased SNR provided by high field (3T) scanners and high density coils, the classical CSI encoding scheme is the main limitation in achieving moderately higher spatial resolution in-vivo brain metabolite. Cartesian (EPSI) and non-Cartesian (spiral, rosettes, etc) sampling schemes have been implemented to speed up the data acquisition in spectroscopic imaging experiments.

Significance: Higher resolution spectroscopic imaging becomes possible in a clinically accepted time.

Methods: We experimentally demonstrate – using computer simulations, the MRS braino phantom and in-vivo brain- Rosette Spectroscopic Imaging (RSI) with spherical encoding and compare its point spread function (PSF) to RSI with cylindrical encoding and CSI with classical and ellipsoidal encoding.

Results: While the effective resolution is slightly lower for the RSI with spherical encoding compared to the RSI with cylindrical encoding, the side lobes of the PSF are smaller in both xy- and z-direction, which reduces ringing. Both cylindrical and spherical/ellipsoidal RSI have narrower FWHM (full width at half maximum), compared to the PSF for ellipsoidal CSI. In fact, calculating the effective resolution as the product of the FWHMs in xy and z directions, the effective resolution for RSI with spherical encoding is 3.9 smaller compared to ellipsoidal CSI. NAA maps for the phantom and in-vivo brain of a healthy volunteer are presented.

Conclusions: A reduction in scan time of 15-30% or better can be achieved compared to cylindrical K-space acquisition. Compared to ellipsoidal CSI, a factor of five-fold speedup in data acquisition and a 3.9 better effective spatial resolution is achieved.


Respiratory Motion Prediction (RMP) in Free-Breathing Perfusion MRI
Hao Song1, Tejas Nair2, Wenyang Liu3, Dan Ruan3, 4 and H. Michael Gach1,5

1Department of Radiology, University of Pittsburgh, PA
2GE Healthcare, Bangalore, India
3Department of Bioengineering, UCLA, CA
4Department of Radiation Oncology, UCLA, CA
5Department of Bioengineering, University of Pittsburgh, PA

Background: Arterial spin labeling (ASL) is a safe perfusion MRI method that inverts flowing arterial spins. However, ASL is a difference imaging method that is sensitive to motion between successive label and control images, restricting its use in the abdomen. Respiratory motion prediction (RMP) using navigator echoes is being developed to minimize difference errors and eliminate the need for breath-holds and dead time associated with other motion compensation techniques.

Significance: RMP can be used to adjust slice excitations and acquisitions in real-time in order to freeze the motion of the imaging organ. With accurate predictions about the respiratory motion, the MR scan could be completed with minimal patient effort and minimal scan time, while maintaining high accuracy.

Methods: The Artificial Neural Network (ANN) algorithm was evaluated for RMP. After a training period of 48 s, ANN can quickly learn the subject’s respiratory motion pattern, and predict the motion into the future.

Results: The mean absolute error of the ANN was 0.9 mm for predictions up to 3.4 s after the cessation of training, and 1.6 mm for predictions up to 5.5 s after cessation of training. However, the ANN needs regular position updates in order to extend its utility for the duration of the ASL acquisition (typically 5-10 minutes).

Conclusions: The ANN is a useful RMP algorithm for predicting motion based on previous navigator inputs. Further work is required to acquire an adequate number of navigator-based position updates to extend the utility of the ANN for long acquisition times.


Anatomically Detailed Human Head Phantom
Sossena Wood1, J. Andy Holmes2, Tamer S. Ibrahim, PhD3
1 University of Pittsburgh, Dept. of Bioengineering, Pittsburgh, PA, United States, 2 University of Pittsburgh, Swanson Center for Product Innovation Portal, Pittsburgh, PA, United States, 3 University of Pittsburgh, Dept. of Bioengineering & Dept. of Radiology, Pittsburgh, PA, United States
Background: Scientists have the ability to use clinical diagnostic tools of (<= 1.5T) Magnetic Resonance Imaging (MRI) to visualize the characteristic traits that are believed to be symptoms of the neurodegenerative diseases in the head to aid in treatment. However, 1.5T lacks the anatomical detail needed to have improved accuracy of these locations in the head that ultra-high field MRI such as 7T offer.Acquired 3T MRI Dataset
[bookmark: _Ref350524649]Figure 1 – 
Segmented MRI Scan of 3T MRI Scan 1.0x1.0x1.0mm3 resolution, segmented head divided into tissues 


Significance: In ultra-high field MRI that are (>= 7T), the increased signal-to-noise ratio (SNR) is very [image: ]promising in detecting diseases within the human body. However, there are several issues experienced at higher field strengths that hinder its potential resulting in a concern of the radiofrequency (RF) power absorption in tissue and local temperature rising. These concerns are evaluated through phantoms that can be used for several applications. 
[image: ]Methods:  We developed an 8-tissue compartment head phantom from a 3T MRI dataset (Fig. 1) for 7T MRI.  The dielectric properties of each tissue were measured using a dielectric probe (SPEAG) with the values within Table 1. 
Conclusion:  We built an 8-tissue compartment phantom that will be used to validate electromagnetic and SAR calculations in the human head and approach the health concerns for ultra-high field MRI.

Figure 2 – Physical Model of Head Phantom



SAR Constraint Homogeneous B1+Field and Eddy Currents Ghosting Reduced EPI Images at 7T
Yujuan Zhao1, Tiejun Zhao2, Sossena Wood1, Narayanan Krishnamurthy1, Jung-Hwan Kim1, Shailesh Raval1, and Tamer S. Ibrahim1,3 
1Bioengineering, University of Pittsburgh, 2Siemens Medical Solutions, 3Radiology, University of Pittsburgh
Background: 7T MRI can provide higher signal-to-noise ratio and better tissue contrast than 3T system. It can generate higher anatomical resolution, more localized functional signals and improved spectroscopic images [1-4]. [image: ]
 Fig1 20-ch Tx array.

Significance: One of the major obstacles hampering the clinical applications of the 7T MRI is the inhomogeneous distribution of the magnetic field (B1+). In this study, the Tic-Tac-Toe (TTT) transmit coil (Fig 1) and B1 shimming methods are used to optimize the modes from different coil elements in order to produce uniform 3D excitation.  [image: ]
Fig2. In-vivo human scans images and B1+ maps

Methods: The TTT transmit coil could excite 20 different modes. Each mode has the amplitude and phases that are adjusted to achieve a more uniform (in terms of B1+ intensity/distribution) excitation.  The experiments (GRE, MPRAGE and in-vivo B1+ mapping) are done in 7T Siemens MRI scanner equipped with 8 channel parallel transitions. The RF coil shielding was  designed to suppress the eddy currents generated ghostings for the fast chaning gradient fields applications (EPI or sprial type images). 
Results: In the Fig2, the shown axial slice which is positioned through the ventricle, the ratio of the maximum and minimum is about 1.9; the ratio is about 1.5 for the shown center sagittal slice and 1.45 for the shown center coronal slice.  These results were consistently achieved with 8 different in-vivo subjects. In the proposed slotted copper case, EPI images are intact (except near the absolute top of the human head in Fig 3)  [image: ][image: ]
Fig3. In-vivo 7T BOLD images (before and after the application of the designed shielding)

Conclusions: The TTT transmit coil could generate 3D homogenous B1+ field. The eddy current artifacts are comparable to other 7T RF-coils that contain no RF shielding.
References: [1] Kerchner, Geoffrey A. Journal of Alzheimer's Disease 2011; 26: 91-95. [2]Henry, Thomas R., et al. Radiology 2011: 261 (1); 199-209. [3]  Wisse, L. E. M., et al. NeuroImage 2012; 61(4):1043-1049. [4]. Eapen, M., et al. American Journal of Neuroradiology 2011; 32: 688-694.
Reduced Thalamic Gray Matter Volume in Prehypertensive vs. Normotensive Adults

Ben Allena, Richard Jenningsa, Matthew Muldoonb, Peter Gianarosc, Alicia Heima, Sean Wob

University of Pittsburgh

a Department of Psychiatry, b School of Medicine, c Department of Psychology

Background: Postmortem and in vivo studies show hypertension is associated with differences in brain morphology.  Relative to normotensive individuals, people with hypertension exhibit reduced gray matter volume in 9 specific regions.  Significance: The present cross-sectional study compared these 9 regional gray matter volumes in normotensives and prehypertensives.  The aim of this study was to determine whether prehypertensives exhibit differences in regional gray matter volume analogous to prior findings with hypertensives.  Thus, these results may help to identify differences in brain morphology that are a precursor to those found with essential hypertension.  Method: N = 191, mean age = 48 years.  A Magnetization Prepared Rapid Acquisition Gradient Echo (MPRAGE) sequence was acquired in the axial plane (3 Tesla, TE = 3.31ms, TR = 2100ms, TI = 1050ms, flip angle = 8 degrees, slice thickness = 1mm).  Bilateral gray matter volumes were estimated from the MPRAGE using the Automated Labeling Procedure.  Gray matter volumes were corrected for total cranial volume, derived from FreeSurfer.  Results: Regression analyses indicated that systolic blood pressure was related to only 1 of 9 regional gray volumes.  Similar to previous findings with hypertensives, mildly elevated systolic blood pressure (i.e., prehyertension) was associated with reduced thalamic gray matter volume (β = -.166, t = -2.492, p = 0.014).  Conclusions: The pattern of reduced regional gray matter volume associated with hypertension is largely absent in individuals with prehypertension.  Reduced gray matter in the thalamus may be an early indicator of changes in brain structure related to mildly elevated blood pressure.  


Dimensional versus diagnostic category-related reward circuitry function in mood dysregulated youth in the Longitudinal Assessment of Manic Symptoms (LAMS) study
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Background:  Many pediatric disorders characterized by mood dysregulation, such as bipolar spectrum disorders(BPSD), other mood disorders, ADHD, disruptive disorders, and anxiety disorders, are highly comorbid and, as a result, pose diagnostic and treatment challenges.  

Significance:  Using a dimensional approach to studying psychiatric illness may help increase understanding of pathophysiologic processes that cut across different diagnoses in mood dysregulated youth.  We aimed to identify neuroimaging measures that were either associated with mood dysregulation pathological dimensions(mania, depression, anxiety, mood dysregulation) or differentiated diagnostic categories(BPSD, ADHD, anxiety, disruptive disorders).  

Methods:  Mood dysregulated youth(n=85) were recruited from the Longitudinal Assessment of Manic Symptoms study and healthy youth(n=20).  Region-of-interest analyses examined relationships among prefrontal-ventral striatal reward circuitry during a reward paradigm(Win, Loss, control conditions), symptom dimensions, and diagnostic categories.  

Results:  Regardless of diagnosis, greater Win>control activity in the mPFC(BA10) and bilateral dACC(BA32) was associated with greater mood dysregulation and greater anxiety, respectively.  Disruptive disorders were associated with less left VLPFC(BA47) activity to Win>control (all ps<0.05,corrected). 

Conclusions:  In support of a dimensional approach, greater Win>control activity in the left mPFC and bilateral dACC was associated with greater mood dysregulation and anxiety, respectively, and may reflect heightened reward sensitivity and greater attention to reward in mood dysregulated youth, regardless of diagnosis. In support of diagnostic categories, reduced Win>control activity in the left VLPFC in disruptive disordered youth, which may reflect reward insensitivity.  Taken together, these findings support a dimensional approach to studying neural mechanisms in mood dysregulated youth and suggest a distinct reward-related neurophysiology in disruptive disorders.
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Background: Neuroimaging measures of behavioral and emotional dysregulation can yield biomarkers of developmental trajectories of pathology in youth. We aimed to identify in youth functional abnormalities in emotion regulation (ER) neural circuitry associated with different behavioral and emotional dysregulation trajectories, using Latent Class Growth Analyses (LCGA) and neuroimaging.

Methods: 61 youth (9-17 years) from The Longitudinal Assessment of Manic Symptoms (LAMS) study, a multi-site study of behavioral and emotional dysregulated youth, and 24 healthy control youth, completed an emotional face n-back ER task during scanning. LCGA was performed on 11 reports completed over five years of the Parent General Behavior Inventory-10 Item Mania Scale (PGBI-10M), a 6-monthly administered parental report of the child’s difficulty regulating positive mood and energy, and manic-like behaviors.

Results: There were 2 latent classes of PBGI-10M developmental trajectories of behavioral and emotional dysregulation: high and decreasing (HighD; n=22), and low and decreasing (LowD; n=39), behavioral and emotional dysregulation. Task performance was >90% in all youth, but more accurate in healthy control youth and LowD versus HighD youth (p<.001). During ER task performance, LowD had greater activity than HighD and healthy control youth in dorsolateral prefrontal cortex, a key ER region, and greater functional connectivity than HighD youth between amygdala and ventrolateral prefrontal cortex (ps<0.001, corrected).

Conclusions: Functional impairments in lateral prefrontal cortical-amygdala circuitry in youth are associated with the severity of the developmental trajectory of behavioral and emotional dysregulation. 

Significance: These findings may provide biological targets to guide treatments and novel treatment development.

Funding Source: NIMH R01 MH073953 (CoPI: Mary L Philips, MD Boris Birmaher, MD)


Maturation of the neural substrates underlying face recognition typically and in autism 
Jennifer Fedor; Bart Larsen, BS; Andrew Lynn, BS; William Foran, MS; Aarthi Padmanabhan, PhD; Beatriz Luna, PhD; Kirsten O'Hearn, PhD
Department of Psychiatry, University of Pittsburgh School of Medicine

Background: Face recognition improves from adolescence to adulthood in typically developing individuals, but not in those with autism (ASD). We hypothesized that this differential development would also be evident in activation in the fusiform gyrus, a region known to underlie face recognition. The current study examined age-related changes in fusiform activation when viewing faces and cars in individuals with and without ASD.

Significance: This study will provide insight into how the brain changes during typical development, whether this is related to improved face recognition, and how these developmental mechanisms differ in ASD.

Methods: We analyzed 29 children, 32 adolescents, and 28 adults with and without ASD. Each participant completed a modified Cambridge Face Memory Task (CFMT).We performed a 2 (diagnostic group) x 3 (age group) ANOVA to determine regions above threshold for a group by age interaction (individual voxel p<0.01; group p<0.05). Additionally, we performed a representational similarity analysis (RSA), which examines the similarity in activation between exemplars used in the study.

Results: The whole brain analysis revealed a significant group by age by category interaction in L fusiform gyrus, with activity increasing typically, especially for cars, but not in those with ASD. The RSA also revealed increasing similarity in exemplars with age typically, but not in ASD, in bilateral fusiform gyri.

Conclusions: Our data from both analyses revealed typical developmental changes in the organization of fusiform gyrus that continued until adulthood, but did not occur in individuals with ASD.  Surprisingly, this pattern was more striking for cars than faces.




Imaging of Neuronal Injury in mild Traumatic Brain Injury due to Blast Exposure
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Up to 19% of veterans returning from the wars in Iraq and Afghanistan have a history of mild traumatic brain injury (mTBI) with 70% associated with blast exposure. Tragically, 20-50% of this group reports persistent symptoms, including memory loss. Unfortunately, routine clinical imaging is typically normal, making diagnosis and clinical management difficult. The goal of this work was to develop methods to acquire hippocampal MRSI at 7T and evaluate their sensitivity to detect injury in veterans with mTBI. 

At 7T, hippocampal MRSI measurements are limited by: 1) poor B0 homogeneity; 2) insufficient B1+ strength and homogeneity; and 3) chemical shift dispersion artifacts. To overcome these limitations we: 1) used 3rd degree B0 shimming; 2) an inductively decoupled transceiver array with RF shimming and 3) a volume localized single slice sequence using RF shimming based outer volume suppression. In 20 controls and 25 veterans with mTBI due to blast exposure with memory impairment, hippocampal NAA/Cho (P<0.001) and NAA/Cr (P<0.001) were decreased in comparison to control subjects. These findings were independent of the subject’s status with regards to a history of depression, post-traumatic stress disorder or substance abuse.

In conclusion, with the appropriate methods robust spectroscopic imaging of the hippocampus can be carried out at 7T. Further, MRSI at 7T can detect hippocampal injury in veterans with mild traumatic brain injury despite otherwise clinically normal MRIs. 



Parameters of transient post-stroke hypotension associated with peri-infract depolarizations
S.C. Jones1,2,4 , A. Kharlamov3,4, V.E. Yushmanov2,4 
1SciencePlusPlease LLC, 2Radiology, 3Neurology, University of Pittsburgh School of Medicine, 4Allegheny-Singer Research Institute, Pittsburgh, PA, USA

Background
Peri-infarct depolarizations (PIDs) are a major mechanism of infarct expansion in stroke, subarachnoid hemorrhage, and brain trauma.  Our earlier data linked PIDs with episodes of post-stroke transient hypotension (PSTH) in rats.  These data suggest that PSTH of certain parameters can exacerbate the hypoperfusion and trigger additional PIDs contributing to infarct expansion. 

Significance
Establishment of the quantitative relation of PSTH with PID initiation and PID-mediated infarct expansion may result in a new treatment paradigm for acute ischemic stroke.
	PID Type
	Spontaneous
	PSTH

	Frequency
	41%
	59%

	Pre-MABP (mmHg)
	123±3
	123±2

	During MAPB
	112±4
	87±2

	p,n
	p≥0.1, n=25
	p≤0.001, n=33

	Duration (s)
	
	150 ± 17 

	Interval,PSTH-PID
	
	66±15

	Triggering MABP (%)
	
	75±2

	MABP fall (mmHg/min)
	
	13±1

	Infarct growth (mm3/PID)
	
	1.8



Methods
Five rats with permanent focal ischemia via three vessel occlusion (MCA and bi-CCAO) were placed in a ClinScan 7 T magnet for fast ADC mapping with continuous mean arterial blood pressure (MABP) monitoring and intravenous infusion of gallamine triethiodide (1 mg/kg/h in 1 ml/h saline).  PID occurrences and tracking were performed by analysis of transient expansion of low-ADC regions in 3D whole brain isotropic (0.5x0.5x0.5-mm voxels, 10-s interval) trace ADC maps from 1-4 h after stroke.  

Results
The table gives the parameters of PSTH that were associated with PID initiation after stroke.  

Conclusions
These data suggest that PSTH with the parameters within the specified range can contribute to infarct expansion by amplifying the hypoperfusion in ischemic tissue and triggering additional PIDs. Preventing episodes with these parameters may improve stroke outcome. 
Support:NIH NS30839,NS30839-14S1,NS66292



7Tesla brain MRI pilot/feasibility study of cognitive impairment in adult patients with HbSS disease.
Enrico M Novelli, Jay Howard Aizenstein, Anne Connelly Ritter, Suchitra Barge, Dominique Stevens-Young, Mark T Gladwin, Jinbai Huang, Tamer Ibrahim, Meryl A Butters, Richard J Jennings, Kirk I Erickson, Caterina Rosano.
[image: ]Background.  Sickle cell disease (SCD) is characterized by cerebral small and large vessel vasculopathy and infarction. Cognitive impairment (CI) is an emerging neurovascular complication of SCD responsible for functional limitations in schooling, occupation and compliance with SCD therapy. It is unknown how SCD vascular risk factors lead to CI as the main published neuroimaging study showed that the majority of patients with CI had no lesions detectable by routine 1.5Tesla MRI testing. A major barrier of current 1.5Tesla methodologies is that they miss subtle small vessel disease in areas important for cognitive function, such as the hippocampus. To address these barriers, we applied novel 7Tesla MRI technology and imaging protocols developed at the University of Pittsburgh in adult SCD patients to explore how neuroimaging findings are associated with CI. Objectives. We performed a cross-sectional pilot/feasibility study to study the association between 7Tesla brain MRI findings and cognitive performance as assessed by the Self-Administered Gerocognitive Examination (SAGE) test in adult patients with HbSS from the UPMC Adult Sickle Cell Program outpatient clinic in Pittsburgh, PA. Methods. 95 SCD patients were screened in clinic within a 5 months period (August-December 2012). The main exclusion criterion was having received a blood transfusion within the prior 2 months. 33 patients met entry criteria, 32 agreed to participate in the study and 17 were found to be MRI eligible (of these 8 had implanted infusion ports and 7 had tattoos). Results. 10 SCD patients with a median (IQ range) age of 27 (22-35) underwent MRI examination to date, including Tra and Cor SWI-2D, 0.6 mm and/or 0.7mm MPRAGE- 3D- T1WI, GRE-T2*WI. All patients showed various degrees of iron deposition in the basal ganglia. Hypointense signal in the hippocampus on T1 indicating dilated perivascular spaces with a cyst-like appearance was found in 6 cases on MPRAGE-T1WI and was associated with lower SAGE scores (Figure). Encephalomalacia was visible in 2 cases. A vascular malformation was suspected in 1 case. Conclusion.  Approximately half of the patients were ineligible for MRI testing, either because of tattoos or having implanted infusion ports, a finding that will need to be considered when planning future MRI studies. We found that, as reported in elderly populations without SCD, hypointense cystic changes in the hippocampus detected by 7Tesla MRI were associated with worse cognitive function as measured by the SAGE test in a small sample of patients with HbSS disease. A larger longitudinal study is underway to ascertain whether this novel finding may translate into an imaging biomarker to identify SCD patients at risk of developing CI.
Relationship of brain microstructure with gait speed in the oldest old: a multi-modal neuroimaging approach.
 
Bedda Rosario1, Andrea Rosso1, Howard Ainzenstein2, Stephanie Studenski3, Anne Newman1, Caterina Rosano1
Epidemiology1, Psychiatry2, Medicine3, University of Pittsburgh, Pittsburgh, PA 


Background: Slowing gait in older adults has been related to overt brain structural abnormalities, including gray matter atrophy and white matter hyperintensities (WMH). We characterize the microstructure of normal appearing white matter in relation to slowing gait and to other neuroimaging markers. 

Significance: Multi-modal neuroimaging analyses may improve knowledge about the pathophysiology of gait abnormalities among older adults.  

Methods:  Diffusion tensor imaging data were acquired on a 3T scanner concurrent with brain atrophy, WMH, cognitive and mobility measures in 279 participants of the Healthy Brain Project (78-90 yrs, 58% women, 41% black). Linear regression analyses estimated the association between total brain fractional anisotropy (FA) and gait speed adjusted for covariates. Tract-Based Spatial Statistics and permutation tests were used to test voxelwise correlations of FA with gait speed. Significant clusters were identified using a threshold-free cluster enhancement corrected for multiple comparisons (p<0.05).    

Results: Total brain FA was related to gait (p=0.01), independent of age (p=0.04) and of brain atrophy (p=0.04) but not of WMH (p=0.40). Slower gait was associated with lower FA predominantly localized in the brainstem, with the exception of the fibers projecting to the thalamus. Associations were also found with tracts in the cerebrum and cerebellum, with the exception of the medial temporal lobe and of the inferior cerebellar peduncle. 

Conclusions: The association of microstructure of the white matter with slowing gait may be obscured by the presence of WMH. Future work is warranted to examine whether elderly with higher WMH engage different networks than those with lower WMH.





 Theranostic Nanomedicine for Chronic Pain: Opportunities unexplored 
Janjic, Jelena M.1*; Mountain, Gregory2; Patel, Sravan1; DiVito, Erin3; Cascio, Michael3, Pollock, John4 
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Inflammatory cells infiltrate the affected tissue in response to neuronal injury at varied levels. As the neuronal healing process progresses, inflammatory cells undergo profound activity and phenotypic changes. New methods to assess inflammatory cell phenotype and quantify in vivo aspects of the neuroinflammatory processes in neuronal injury are needed. Theranostic nanomedicine represents a new nanotechnology strategy where therapeutic and imaging agents are combined into a single nanosystem. Our group recently designed and developed novel perfluorocarbon nanoemulsions for treatment and imaging of inflammation (Patel et al, PLOS One 2013; Janjic et al, SPIE 2013, Patel et al, Journal of Biomedical Optics 2013). These nanodroplets are designed to specifically accumulate in inflammatory cells (e.g. macrophages) and deliver anti-inflammatory drugs. Therefore, these novel nanoemulsions allow for monitoring of inflammation response to the drug using 19F magnetic resonance imaging. In this report, we hypothesize that theranostic nanoemulsions help us understand the mechanistic role of inflammation in chronic pain and elucidate the in vivo effects of anti-inflammatory natural products. Therefore, we developed a novel curcumin loaded theranostic nanoemulsion. Curcumin is a well known natural product derived from the rhizome (turmeric) of the herb Curcuma longa with anti-inflammatory properties. In animal models, it was shown to act as neuroprotective agent, suppress neuroinflammation and neuropathic pain. Theranostic nanoemulsions loaded with curcumin were designed to do the following: 1) improve curcumin bioavailbility; 2) target curcumin delivery to the sites of inflammation; 3) assess curcumin delivery at the site of injury and inflammation by imaging; 4) image curcumin effectiveness as neuroinflammation suppressant; 5) image injury-associated inflammation.
In short term, the proposed study can provide a unique biological probe for studying the effects of inflammation in neuronal injury and the role of inflammatory cells in prolonged and intractable neuropathic pain development.  Further, it can help us understand the effects of curcumin on immune system/nervous system interaction in pain.  In long term, the proposed nanomedicine can serve as the basis for a novel approach to both prevent and treat chronic neuropathic pain, where molecular imaging can help to individualize therapeutic treatment.  Therefore, theranostic nanomedicine offers new opportunities for studying neuroinflammation in vivo and help us better understand chosen therapeutic mechanism. It is an unexplored area of research and we hope this example prompts others to utilize theranostic nanosystems in pain research.  


Imaging lentiviral reservoirs in vivo based on molecular imaging reporter genes 

Jiasheng Song, Won-Bin Young
Molecular imaging laboratory, Department of Radiology, University of Pittsburgh School of Medicine

HIV-1 infections persist in spite of exposure to highly active antiretroviral therapies (HAART) due to the latent stage of the virus. The latently infected cells present a major barrier for curing HIV-1 infections.  The identification of viral reservoirs is essential in monitoring the therapeutic response to HAART including during the latent stage.  Bioluminance imaging (BLI), positron emission tomography (PET), and magnetic resonance imaging (MRI) are non-invasion imaging techniques that can be employed to identify viral reservoirs eliminating the need for repeat biopsies in vital organs, such as the brain.  However, during the latency stage there are no detectable viral proteins for targeted imaging. Our lab has developed a “Trojan Horse” type strategy where we’ve engineered human, simian, and feline immunodeficiency viruses (HIV, SIV, FIV) to carry a reporter gene for non-invasive imaging modalities, including BLI, PET or MRI.  The engineered viruses remain replication competent after infecting target cells for reporter gene expression. The reporter was engineered into the virus either with or without its own promoter to allow detection of the infected cells during the latency stage, while the long terminal repeat (LTR) promoter is inactive. We have demonstrated that the imaging reporter genes are incorporated, expressed and functional in infected cells and the replication kinetics of engineered lentivirus is comparable to that of the wild type virus. Currently, we are working towards the evaluation of the engineered viruses in the individual species: humanized mice (HIV), macaque monkeys (SIV) or felines (FIV) to further evaluate the use of  non-invasive imaging to visualize the spatial and temporal nature of viral reservoirs and their response to HAART.  The further analyze of these engineered viruses will provide the ability to image viral reservoirs providing a much needed tool  for monitoring and evaluating therapeutic efficacy.  


Cross-linked Polyacrylamide Hydrogel Nanoparticles: New Molecular Imaging Agents for MRI and Positron Emission Tomography

Alexander G. White1, Jacques Lux2, Adah Almutairi2, and Carolyn J. Anderson1

1Molecular Imaging Laboratory, Department of Radiology, University of Pittsburgh, 200 Lothrop Street, Pittsburgh, PA 15213

2Laboratory of Bioresponsive Materials in Therapy and Imaging, Departments of NanoEngineering and Materials Science, University of California San Diego, 9500 Gilman Drive, La Jolla, CA 92093
	
In recent years, increasing attention has been given to nanotechnologies within the fields of medical sciences and molecular imaging.  Nanostructures of varying composition have been synthesized as both drug delivery agents and imaging tools.  We hypothesize that utilization of molecular imaging agents that take advantage of the sensitivity of PET and the resolution of MRI would be supremely useful in the diagnosis of metastasis.  Thus, our group has engineered a polyacrylamide-based nanogel system which is cross-linked with bisacrylamide-based DOTA crosslinkers that function as contrast agent carriers for MRI (Gd3+) or PET (64Cu).  Unlabeled nanogel systems were characterized by dynamic light scattering and yielded a hydrodynamic size of 55 to 165 nm with a polydispersity index value of 0.22.  The stability of Gd3+ chelated nanogels were evaluated by measuring the paramagnetic longitudinal relaxation rate in the presence of Zn2+ in a 1:1 ratio.  After 60 hours, no release of Gd3+ was seen confirming that DOTA Gd3+ hydrogels can be safely used as MRI contrast agents.  To evaluate stability of 64Cu-DOTA hydrogels, radio TLC scans were taken of samples incubated with 100x molar amounts of EDTA relative to the 64Cu-DOTA complex.  After 24 hours, ~65% of 64Cu was retained in the DOTA nanogels.  PET imaging of mice containing 4T1 mammary carcinoma tumors indicate that DOTA nanogels passively target the tumor tissue via the enhanced permeability and retention effect and uptake of nanogels is significantly higher than when mice are treated with free 64Cu.
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Background:
The temporal difference model provides testable estimates of variation in the within and between participant reliability of ventral striatum (VS) activation, and failure to account for this dynamic process could lead to excessively pessimistic evaluations of the reliability of functional MRI signals. 

Significance:
Longitudinal investigations of the neural basis of reward processing in depression may represent a useful paradigm for defining effective biomarkers for antidepressant treatment prediction.

Methods:
Forty control participants performed a reward-related guessing task twice, one week apart. Three participants were excluded due to artifacts or missing data. Two main contrasts were examined: signed prediction errors (PE) and a regressor reflecting reward expectancy (RE), using a functionally defined mask of the right VS.

Results:
Significant VS PE-related activity was observed at time 1 but not time 2 and the magnitude of reduction was significant. Conversely, significant VS RE-related activity was observed at time 2 but not time 1. Increases in VS RE-related activity from time 1 to time 2 were associated with decreases in VS PE-related activity from time 1 to time 2 across participants. Intraclass correlations (ICCs) in VS were very low (RE: 0.20; PE: 0.00).

Discussion:
Dynamic changes in brain activation are widely predicted by a variety of psychological theories. Nevertheless, conventional measures of reliability cannot distinguish between lawful changes and noisy signal. In the present work, we provide evidence for the former of the two possibilities: reward-related VS activation has low ICCs, yet follow the pattern predicted by temporal difference models of reward learning. 


The importance of applying physiological regression to rsfMR

Will Foran 1, Kai Hwang 2, Aarthi Padmanabhan2, Michael Hallquist, Beatriz Luna 2,3 
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There is growing evidence that resting-state fMRI connectivity results can be confounded by physiological parameters, which may change through development. However, resting state fMRI studies typically do not consider physiological measures. We studied 100 10-20 year-old subjects who completed a resting-state fMRI scan that included cardiac and respiratory monitoring. We present the effects of physiological noise on connectivity estimates for 244 functional regions of interest, demonstrating how controlling for physiological noise influences individual ROIs, interregional correlations, and inferences about neurocognitive development.


Optical Brain Imaging at the MRRC

Theodore Huppert

Department of Radiology, University of Pittsburgh, Pittsburgh, Pennsylvania, USA

We will present a poster detailing the resources available for optical brain imaging at the MRRC.  Resources available include a continuous wave near infrared spectroscopy (CW-NIRS, Techen CW6), a frequency domain NIRS system (FD-NIRS, Imagent ISS), and in-house software for analysis of functional NIRS data.  Additionally, we have a variety of optical probe geometries, including MRI compatible designs for multi-modal NIRS/MRI acquisition.  Applications include child imaging, vestibular function, and cognitive testing.






Whole Brain Perfusion and Arterial Blood Volume Measurements with Multiband Acquisition
Tae Kim and Kyongtae Ty Bae
Department of Radiology, University of Pittsburgh

The brain maintains adequate cerebral blood flow (CBF) by adjusting vessel diameters of arteries and arterioles. In early-stage of cerebrovascular alterations, CBF may maintain constant despite a decrease in CBVa, before the compensation eventually fails. Thus, CBVa may be a more sensitive index than CBF for identifying and assessing cerebrovascular risk factors in early stage, and its reduction may be an early predictor of altered CBF. Multiple sections, whole brain coverage is important to assess regional cerebrovascular deterioration properly. However, conventional multislice arterial spin labeling (ASL) measurement suffers from a limited number of slices because of T1 decay of labeled blood during data acqusition. Recently, we developed ASL technique with multiband (MB) excitation and reconstruction to measure the whole brain perfusion by boosting the speed of imaging without SNR losses (1). Here, we implemented CBVa measurement with whole brain coverage with MB technique.
We measured whole brain CBF and CBVa at 3T with a 32-channel head coil. The separation between the arterial blood and tissue signal can be achieved using ASL with bipolar gradients (2).  The five of MB factor, i.e., simultaneously excited 5 slices, was applied to shorten the acquisition time. A slice thickness = 4 mm and interslice gap = 1 mm were used. A field of view/3 shift using CAIPRINHA was applied to improve the MB reconstruction de-aliasing efficiency (3).
MB accelerated quantified CBF and CBVa maps with whole brain coverage were successfully obtained with 250 ms of data acquisition time, and demonstrated comparable quality to conventional nonaccelerated method with a voxelwise and slice-by-slice quantification comparison. The results of this study show that using MB excitation makes it possible to acquire an increasing number of slices for a given data acquisition window.


1. Kim et al., Magn Reson Med 2013; published online ahead of print
2. Kim and Kim, Magn Reson Med 2006;55(5):1047-1057.
3. Setsompop et al., Magn Reson Med 2012;67:1210-1224.



NeuroElectric Tomography:
Very High Resolution Functional Brain Imaging

Don Krieger, Malcolm McNeil, Walter Schneider, Ava Puccio, David O. Okonkwo

Magnetoencephalographic (MEG) recordings were obtained from 14 volunteers (7 healthy controls and 7 patients with chronic concussion symptoms) during performance of a visual language choice task. A new method was devised for reliably extracting neurophysiologic information from the raw single trial data, referee consensus optimization. Electrical current tracings (1 msec resolution) were identified from ≈2,000,000 locations within the brain as if from direct recording electrodes (p < 10-12 for each accepted source).

1. Spatial resolving power less than 2 mm was demonstrated: Average correlation between simultaneous 80 msec traces was ≈0.2 from locations 2-100 mm apart.

2. fMRI-like differential activation under differing task conditions was found for each individual with very high reliability (3mm3 voxels): The source count for different task conditions was different (χ2 > 32.8; p < 3x10-8) for at least 400 of ≈60,000 voxels (joint p < 0.002400).

3. The size of a functional brain unit was found to be as small as 2 mm with upper limit of 6 mm: Almost no voxels showed a significant difference in the number of sources found under different task conditions for 8mm3 – 24mm3 voxels. But numerous voxels showed significance for 6mm3 or less with peak near 3mm3. When the data were divided per stimulus characteristics, many more voxels were seen with significant count differences than when the data were divided at random. The random division demonstrated voxels numbers with strong repeat reliability.

4. NeuroElectric tomograms show adjacent voxels with opposite functionality, further demonstrating 3 mm resolving power and ≈3mm3 functional units.
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Abstract:

Background: Adolescence is a unique period of development characterized by peaks in sensation-seeking behavior. Maturation of the striatum has been posited to play a primary role in observed increases in adolescent sensation-seeking, however evidence of neurophysiological change in the human adolescent striatum has been difficult to elucidate. 

Significance: Here we use a novel MRI measure, time-average T2*-weighted imaging, to characterize neurophysiological development of the human adolescent striatum in vivo.

Methods: We collected task-related and resting state fMRI (T2*-weighted imaging) from a large cross sectional sample of adolescents and young adults. Each participant's fMRI scans were motion corrected, non-linearly transformed to standard space, normalized, and averaged across time. This process resulted in one time-averaged volume per participant. Separately for task-related and resting state data, we applied linear support vector regression (SVR) to voxel-wise patterns of time-averaged T2* weighted imaging (taT2*) in the striatum to model neurophysiological maturation of this region.

Results: Multivariate pattern analysis of striatal taT2* generated age predictions that accounted for over 60% of the sample variance, using both task-related and resting state fMRI. Dorsal and ventral striatum showed age related increases and decreases respectively of striatal taT2*. Extraction of feature weights from the SVR revealed that changes in the ventral striatum had the greatest contribution to the multivariate predictor. 

Conclusions: Results provide evidence for protracted neurophysiological maturation of the striatum through adolescence and emphasize the critical role of the ventral striatum in driving adolescent striatal development.


Development of Functional Brain Networks from Late Childhood through Late Adolescence
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The maturation of large-scale functional brain networks has remained largely unexplored. Previous work in this field has shown functional brain networks develop from a local to distributed organization. However, these studies were confounded by motion artifacts, thus skewing network trajectories over development. Therefore, the purpose of the current study was to characterize the development of functional brain networks, correcting for this motion artifact. We used resting state fMRI and graph theory to characterize developmental changes in functional brain networks. We found an overall increase in the number and strength of functional connections from early to middle adolescence, followed by a decrease in both number and strength of functional connections from middle to late adolescence. Furthermore, we found nonlinear age related changes in several network metrics, including path length and clustering coefficient. Importantly, these findings are in contrast to previous findings claiming functional brain networks develop from a local to long-range pattern of connectivity.  



Developmental changes in incentive processing during inhibitory control: a longitudinal fMRI study
David J. Paulsen

Cross-sectional studies suggest that reward processing and its effects on cognitive control are unique in adolescence, yet only longitudinal studies studies can assess the trajectory of developmental change. We used an accelerated longitudinal design to estimate and separate age-related from behavior-related changes in BOLD response to different incentives for anti-saccade task performance. Importantly, participants played for points toward a selected reward rather than for dollar amounts.
We predicted that:
(1) Performance would improve with age
(2) Motivation circuitry would be more active under incentivized than under neutral conditions
(3) Motivation circuitry would be more associated with behavioral performance than cognitive control regions
(4) Point reward system would inhibit adolescent striatal hyper-activation

Behavioral performance improved with age and reward incentives, though reward had little impact on older participants’ performance. Incentives appeared to either improve or worsen performance within individuals. In contrast to predictions, several cognitive control and reward-related regions showed activation across incentive conditions, suggesting that incentive conditions were processed more similarly than dissimilarly.

Ventral striatal activation increased linearly (and not curvilinearly) with age for rewards. Central amygdala showed increased activation with age under neutral conditions, while basolateral amygdala showed decreased activation with age under loss conditions. Interactions between age and behavior co-occurred with effects of behavior primarily in motivation-related striatal regions under neutral conditions.
Generally, greater activation predicted better performance, but mostly for younger participants, as greater activation at older ages (> 16) predicted worse performance.
In cognitive control-related vlPFC, this pattern was true for losses.


Brain Mechanisms for Frustration in Children: Atypical Processing of Social Reward

Susan B. Perlman
University of Pittsburgh
Department of Psychiatry

Background: Although it exists in all members of the population is measurable at an early age, irritability is a symptom linked to multiple psychiatric disorders.  Frustration is a key behavioral construct inherent in irritability. Thus, investigating the neural mechanisms underlying social frustration in children, at typical and atypical levels, could further our understanding of a possible developmental trajectory towards psychopathology.

Methods: We induced frustration during fMRI scanning in 26 children who were being treated for clinical levels of irritability and 28 age, race, IQ, and SES matched control children (ages 6-9).  We used a novel frustration task in which children raced a sneaky dog to capture bones, which were redeemable for a desired prize.  The task included trials in which the child was rewarded by beating the dog to the bone, but also trials in which the dog was able to steal bones from the child, socially inducing frustration. 

Results: Whole-brain analyses revealed a main effect of condition for reward vs. frustration in the striatum and percuneus.  A group x condition interaction revealed that control children increased activation in the anterior cingulate during frustration, which was contrary to the clinical group, who most employed this region during receipt of reward.

Conclusion: These findings indicate separable neural systems related to social reward and frustration.  Neural activity related to the experience of irritability may be an early indicator of the development of psychopathology.  


Higher Step Length Variability Indicates Lower Grey Matter Integrity of Selected Regions in Older Adults
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Abstract
Background: Step length variability (SLV) is higher in neurologic patients, increases risk for falls, predicts dementia, and increases with age in those without overt neurologic disease. Whether higher SLV in older adults without overt disease indicates neurologic abnormalities is not known.

Objective: Identify neurologic associations with SLV in older adults without overt disease, using multimodal neuroimaging markers.

Methods: A well-characterized, bi-racial cohort of 265 adults (79-90 years) was concurrently assessed by gait mat, magnetic resonance imaging with diffusion tensor, and neurologic exam. Linear regression models adjusted for gait speed, demographic, health, and functional covariates assessed associations of MRI measures (grey matter volume, white matter hyperintensity volume, mean diffusivity, and fractional anisotropy) with SLV. Regional distribution of these associations was assessed by sparse partial least squares analyses.
	
Results: Higher SLV (mean: 8.4, SD: 3.3) was significantly associated with older age, slower gait speed, and poorer executive function and also with lower grey matter integrity measured by mean diffusivity (standardized beta=0.16; p=0.02). Associations of higher SLV with grey matter integrity were strongest for the hippocampus and anterior cingulate gyrus (both beta=0.18) as compared to other regions. Associations of SLV with other neuroimaging markers were not significant.

Conclusion: Lower integrity of normal-appearing gray matter may underlie greater SLV in older adults, particularly in the hippocampus and anterior cingulate gyrus, regions involved in memory and executive function. These findings support previous research indicating a role for cognitive function in motor control. Higher SLV may indicate focal neuropathology in those without diagnosed neurologic disease.



White matter hyperintensities and gait speed in older adults: interactions with muscle strength and executive function

AL Rosso1, BL Rosario1, H Ainzenstein2, S Studenski3, A Newman1, C Rosano1
Epidemiology1, Psychiatry2, Medicine3, University of Pittsburgh, Pittsburgh, PA 

Background: White matter hyperintensities (WMH) are associated with slower gait but have not been assessed in relation to other common impairments in older adults. We assessed interactions between WMH and muscle strength or executive function in relation to gait speed in community-dwelling older adults.

Significance: Understanding the central nervous system involvement in gait in the presence of other contributors to mobility may help identify older adults most likely to benefit from interventions.

Methods: Magnetic resonance imaging was collected on 309 adults aged 78-90 years old (58% women, 41% black) using a 3T scanner as part of the Health ABC Healthy Brain Project. Gait speed was collected over 4 meters. Associations of WMH volume with gait speed were determined by linear regression with interactions of WMH with quadriceps strength (above or below the gender-specific median) and digit symbol substitution test (DSST) (above or below the sample median). Standardized betas of log WMH are reported.

Results: Higher WMH was associated with slower gait independent of age. There were significant interactions of WMH with strength (p=0.02) and DSST (p=0.01). Higher WMH was associated with slower gait among those with low strength (beta=-0.23, p=0.002) or those with low DSST (beta=-0.22, p=0.006), independent of age. Associations were not significant among those with high strength or with high DSST.

Conclusions: Higher burden of WMH is associated with slower gait among older adults who have low strength or poor executive function. It may be that WMH effects on gait are stronger among those who have other deficits.



Contributions of local and network processes to the development of working memory
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ABSTRACT

Working Memory (WM), the ability to retain and manipulate information on-line to guide goal directed behavior, continues to improve into adulthood. Working memory is supported by dorsolateral prefrontal cortex (DLPFC), which shows protracted development through adolescence, both in its local function and connectivity; however, it is unknown whether these processes contribute uniquely or jointly to WM development. In this study, we used functional magnetic resonance imaging (fMRI) to characterize the development of local and network activity contributing to WM and how they support the development of WM. We compared 83 neurotypical 12 year-old teens and 57 27-30 year-old adults performed a simple visuospatial WM task. Analysis was done in FSL and AFNI. We examined only correct trials and analyzed the cue, delay and target periods separately, both averaged across load and contrasting high vs. low load. We then identified DLPFC and posterior parietal cortex (PPC) regions for connectivity beta-series connectivity analysis, and modeled how local and network function and their interaction contribute to WM development. We found that adults showed higher WM-related activation than teens, as well as higher WM-related connectivity. Further, only in adults, there was a significant association with behavior; higher local and network activity in DLPFC/PPC were associated with poorer performance, whereas their interaction was associated with better performance. This finding suggests that in the mature brain, local and network function in DLPFC/PPC must work together to perform well, whereas in the teen brain, these regions have not yet specialized for WM function.



Multi-Bolus Pulsed ASL for Improved Renal Perfusion Quantification
Xiang He1, Serter Gumus1, Ayaz Aghayev1 and K. Ty Bae1
1 Department of Radiology, University of Pittsburgh, Pittsburgh, PA, USA;

Background & Significance: Despite the fact that renal cortical blood flow rate is ~6 times of human brain perfusion, it remains a challenging to obtain reliable perfusion quantification with arterial spin labeling (ASL). In this study, the high pulsatile flow within the descending aorta was exploited to improve the sensitivity of renal PASL measurement by combining multiple ASL boluses that would help shorten imaging time.

Methods: Nine studies were performed on a 3T Siemens Trio scanner on 4 healthy volunteers for this IRB approved study. In ASL-based experiment, the blood labeled in the descending aorta can be completely replenished by fresh blood within one RR interval due to high aorta blood pulsatile. This allows for the possibility of generating multiple labeling boluses across multiple RR intervals for improved PASL sensitivity, which is equivalent as performing CASL without the related high SAR. Fig 1a shows the sequence diagram for augmented FAIR (1) implementation with double-bolus implementation. To improve robustness, background suppression (BS) scheme and QUIPPS II was utilized before imaging. True-FISP was used for single shot image acquisition.

Results: Fig. 2 shows the mean perfusion signal acquired with double-bolus (NEX=2, Fig. 2a) and triplebolus (NEX=12, Fig. 2c) FAIR and the corresponding standard FAIR approaches (Fig. 2b and 2d, respectively) for two subjects, confirming the expected increase in signal with the use of additional boluses. The QUIPPS saturation times (TD) were varied from 0 to 800ms in one experiment. Fig 3 presents the estimated perfusion MR signals at different TD values. Signal changes were not evident, suggesting that in renal PASL, the duration for a labeling bolus is less than a RR interval.

Conclusion: We have developed and evaluated a new multi-bolus ASL approach to improve SNR in renal perfusion quantification. Artificially low renal perfusion values will be obtained if a constant blood velocity is assumed.
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Quantitative 23Na MRI of human knee cartilage using dual-tuned 1H/23Na transceiver array RF coil at 7T

Chan Hong Moon, PhD1, Jung-Hwan Kim, BS1, Tiejun Zhao, PhD2, and Kyongtae Ty Bae, PhD, MD1

1Department of Radiology, University of Pittsburgh, 3362 Fifth Ave., Pittsburgh, PA 15213, USA; 2MR Research Support, Siemens Healthcare, Pittsburgh, PA 15213, USA

Background: One of clinical applications of 23Na MRI is a degenerative knee disease associated with osteoarthritis. 7T can potentially provide higher 23Na sensitivity, thereby pixel resolution can be increased. In this study, we developed a dual-tuned (DT) 1H/23Na knee MRI at 7T with high 23Na signal sensitivity.

Significance: Non-invasive 23Na quantification in knee cartilages is critical to measure proteoglycan changes associated with osteoarthritis. 

Methods: All scans were performed using a 7T. Multi-array DT coils was used. 23Na MRI was performed using UTE sequence (TE 0.27 ms, resolution 1.7 - 5 mm3). SNR, B1 field and point spread function were measured. 23Na signal decrease due to partial volume effect (PVE), relaxation, and applied filtering was simulated with different imaging resolution and cartilage thickness. Cartilage thickness and [23Na] were measured in the anterior femoral cartilage. 

Results: SNR of 23Na image at 2-mm was measured as 26.80 ± 3.69 (n = 7). Full-width-half-maximum was measured as 5.2 mm with 2-mm resolution. From the PVE simulation result, the signal decay was linearly changed with the cartilage thickness. The cartilage thickness was measured in each subject, and PVE was corrected – mean thickness = 3.53  0.95 mm and mean [23Na] before and after PVE correction was 86.28  35.90 mM and 288.13  29.50 mM. 

Conclusions: [23Na] in knee cartilage can be accurately quantified after correction of B1 inhomogeneity and PVE under DT coil setup. The developed DT 1H/23Na MRI techniques can improve our understanding of biochemical changes in articular cartilage of knee OA patients.



Quantitative MRI biomarkers for risk-reducing salpingo-oophorectomy response in high-risk women of breast cancer
Shandong Wu1, PhD, Susan P. Weinstein2, MD, Susan M. Domchek3, MD, 
Michael J DeLeo2, MD, Emily F. Conant2, MD, Despina Kontos2, PhD
1Department of Radiology, University of Pittsburgh, Pittsburgh, PA
2Department of Radiology, University of Pennsylvania, Philadelphia, PA
3Department of Medicine, University of Pennsylvania, Philadelphia, PA

Background: Women with BRCA 1/2 mutations are at high risk of developing breast cancer. Several risk-reducing interventions exist such as risk-reducing salpingo-oophorectomy (RRSO), chemoprevention, and prophylactic mastectomy, ranging from less to more aggressive. Evidence-based methods are demanded to determine an individual woman’s likelihood of response for choosing the most effective interventions.

Significance: Breast magnetic resonance imaging (MRI) provides an approach to develop non-invasive imaging biomarkers. Accurate quantitative assessment to measure the effect of RRSO on breast MRI fibroglandular tissue (FGT) and background parenchymal enhancement (BPE) is potentially useful for developing intervention response biomarkers. 

Methods: We developed and validated a fully automated computerized method for quantifying FGT and BPE. This method is applied to a pilot study of a cohort of 52 BRCA 1/2 mutation carriers who underwent breast MRI before and after RRSO. The mean (SD) of FGT and BPE were computed and compared using a paired t-test for significance between the pre-RRSO and post-RRSO group.

Results: Three quantitative FGT and BPE measures have a significant decrease (p<0.05) after RRSO for the full cohort or the 47 non-cancer women. For the 5 diagnosed with breast cancer, these measures remain no significant change and a higher rate is observed after RRSO in comparison to both the full cohort and the non-cancer women.

Conclusions: Objectively quantified FGT and BPE in breast MRI could potentially be used as imaging biomarkers to assess response to RRSO and may help to further sub-stratify the risk of developing breast cancer for BCRA 1/2 high-risk women.
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accuracy of these locations in the head that

ultra-high field MRI such as 7T offer.

Significance: In ultra-high field MRI that
are (>= 7T), the increased signal-to-noise
ratio (SNR) is very promising in detecting
diseases within the human body.
However, there are several issues
experienced at higher field strengths that
hinder its potential resulting in a concern
of the radiofrequency (RF) power

resolution, segmented
head divided into
tissues

Table 1 — Dielectric Properties of the 8-Tissue Types Female
Phantom with Permittivities, Conductivities, and Densities at
the operational frequency of 297.2 MHz (7T)

) Permittivity | Conductivity
Tissue Type = o (Sim)
Cerebellum 790 0.97

Eyes 79.0 15
Midbrain 79.0 1.0
Skin - Fat - Bone 3.5 0.0
Cerebral Spinal 79.0 20

Fluid CSF (Internal)
Brain 79.0 0.84
Muscle 79.0 0.77
Air 1.0 0

absorption in tissue and local temperature rising. These
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Figure 2 — CAD Simulation of 8-Tissue
Head Phantom using Geomagics
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