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11:00-11:30	Registration and Poster Set-up

11:30-12:00	Introduction 
Fred Gilman, PhD: Buhl Professor of Theoretical Physics and Dean, Mellon College of Science
Jules Sumkin, DO: Professor and Acting Chair of Radiology   
Hoby Hetherington, PhD: Professor of Radiology and Director of the MRRC
Moira Hitchens, PhD: Scientific Administrator of Radiology
	
12:00-1:30	Poster Session and Lunch 

		Talks 
1:35-2:00	T. Kevin Hitchens, PhD, MBA: overview of the NMR Center (CMU)
Mioara Manole, MD: NMR Cerebral Blood Flow Dysregulation after Experimental Pediatric Cardiac Arrest

2:05-2:30	Ashok Panigrahy, MD: Pediatric Imaging Research Center at Children’s Hospital of Pittsburgh: An Overview (Pitt)
		Ericka Fink, MD: MRI Biomarker Discovery in Pediatric Cardiac Arrest

2:35-3:00	Kirk Erickson, PhD: overview of the Neuroscience Imaging Center (NIC-Pitt)
		Kirk Erickson, PhD: Effects of exercise on brain health

3:05-3:30 	Marcel Just, PhD: overview of the Scientific Imaging and Brain Research Center (SIBR-CMU)
Timothy Verstynen, PhD: The topographic organization of corticostriatal pathways supports rapid behavioral adaptation

3:35-4:00	Hoby Hetherington, PhD: overview of the Magnetic Resonance Research Center (MRRC-Pitt)
Michael Hallquist, PhD: The effect of emotional cues on reward learning and uncertainty-driven exploration in adolescents and young adults 

4:05-4:10	Michael Gach, PhD: overview of UPCI Preclinical Shared MRI Facility

4:10-4:20 	Hoby Hetherington: Poster Award Presentation and Closing Remarks



POSTERS

MR and Preclinical Models
1. Foley: The Influence of Surgical Correction on White Matter Microstructural Integrity in Rabbits with Familial Coronal Suture Craniosynostosis (p5)
2. Ho: Magic Angle-Enhanced MRI of Fibrous Structures in the Eye upon Intraocular Pressure Loading (p6)
3. Ho: Visualization of Aqueous Humor Dynamics upon Chronic Ocular Hypertension and Hypotensive Drug Treatment using Gadolinium-enhanced MRI (p8)
4. Ling: Towards in vivo imaging of multiple transplanted cell populations (p10)
5. Liu, Li: An Evolution of A Research Project from Tracking Immune Cell Infiltration to Drug Delivery: A Novel Approach to Improve the Bioavailability and Reduce the Toxic Side Effects of Anticancer Nanodrugs by Treatment with Intralipid (p11)
6. Liu, Lu: 19F MRI theranostics for imaging supported drug delivery of a natural product and their analogues (p12)
7. Murphy: Top-down Influence on Visual Cortex of the Blind during Sensory Substitution and at Rest (p13)
8. Poplawsky: fMRI measurements of spiking vs. synaptic activity in the rat olfactory bulb (p14)
9. Ye: Effect of Intralipid on the Promotion of CD4+CD25+Foxp3+ Regulatory T-cells and Attenuating Acute Cardiac Rejection (p15)

MR Acquisition, Analysis and Hardware
10. Gach: DCE MRI: Looking for the Best Mousetrap (p16)
11. Krishnamurthy: Homogenous and low SAR acquisitions at 7T (p17)
12. Kurani: Improved Resting State fMRI using B0 correction (p18)
13. Lee, Juhun: Signal processing of magnetic resonance fingerprinting data: data compression and noise reduction (p19)
14. Lee, Yoojin:  Analysis of proton MRSI metabolites with improved tissue segmentation at 7T (p20)
15. Lee, Yoojin:  Whole Brain Measurement of Arterial Spin Labeled Perfusion Signal Dynamics Using Multi-Band Look-Locker Technique (p21)
16. Raval: Ultra-high field extremity imaging (p22)
17. Schirda: In vivo brain Rosette Spectroscopic Imaging (RSI) with LASER excitation, constant gradient strength readout and automated LCModel quantification for all voxels (p23)
18. Schneider: Fast Optimized Multishell Imaging for High Definition Fiber Tracking of White Matter Tracts (p24)
19. Song: Free-Breathing Perfusion MRI with Respiratory Motion Prediction (p25)
20: Vazquez: Assessment of the Accuracy of CMRO2 Calculations From Blood Oxygenation Data: Arterial Oxygenation and Calibration (p26)
21. Wu, Shandong: Quantitative assessment of early- and delayed DCE-MRI background parenchymal enhancement in breast cancer risk prediction (p27)

Imaging of Pathology in the CNS
22. Clarkson: Effect of behavioral therapy for urge incontinence on brain function (p28)
23. Gao: WNK3-SPAK KO Mice Exhibit Reduced Lesion Size by ADC and DTI MRI after Focal Cerebral Ischemia (p20)
24. Kundu: Autism Detection from MRI using a Transport-Based Morphometry Approach (p30)
25. Manchester: Correlation of Cerebral Blood Flow and Apparent Diffusion Coefficient in Pediatric Cardiac Arrest (p31)
26. Modo: Mesoscopic ex vivo diffusion tensor imaging of a hippocampus from a patient with uncontrolled temporal lobe epilepsy (p32)
27. van der Merwe: Neuroimaging and optokinetics reveal changes in brain microstructure and visuomotor behavior following ocular hypertension (p33)
28. Wu, Yijen: MR Studies of Epileptogenesis (p34)
29. Yushmanov: Automated pipeline for processing and analyzing MR Spectroscopic Imaging data (p35)

Imaging of Pathology, non-CNS
30. Krieger: Reliable NeuroElectric Functional Imaging (p36)
31. Ling: Evaluation of MT Asymmetry in Cartilaginous Tissue (p37)
32. Moon: Quantitative Sodium MR Imaging of Native versus Transplanted Kidney Using a Dual-tuned proton/sodium (1H/23Na) Coil - Initial Experience (p38)

Imaging of the Mind and Brain in Healthy Subjects
33. Jarbo: Convergence of superior parietal, orbitofrontal, and lateral prefrontal inputs into the human striatum (p39)
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The Influence of Surgical Correction on White Matter Microstructural Integrity in Rabbits with Familial Coronal Suture Craniosynostosis

Lesley M. Foley1, Shinjini Kundu2, Wendy Fellows-Mayle3, T. Kevin Hitchens1,4, Gustavo K. Rohde2, Ramesh Grandhi3, Christopher M. Bonfield3, Mark P. Mooney5
1Pittsburgh NMR Center for Biomedical Research, Carnegie Mellon University, Pittsburgh, PA, 2Department of Biomedical Engineering, Carnegie Mellon University, Pittsburgh, PA, 3Department of Neurological Surgery, University of Pittsburgh, Pittsburgh, PA, 4Department of Biological Sciences, Carnegie Mellon University, Pittsburgh, PA, 5Department of Anthropology, University of Pittsburgh, Pittsburgh, PA. 

BACKGROUND AND SIGNIFICANCE
	Craniosynostosis is a condition in which one or more of the calvarial sutures fuses prematurely. In addition to the cosmetic ramifications attributable to premature suture fusion, aberrations in neurophysiologic parameters are seen which may result in more significant damage. This work examines the microstructural integrity of white matter, using diffusion tensor imaging (DTI).
 
METHODS
	Rabbits, after diagnosis, were assigned to one of nine groups, wild type (WT) at 12, 25 or 42 days of age, complete fusion of the coronal suture (BC) at 12, 25 or 42 days, and those that have undergone surgical correction (BC-SU) at 12, 25 or 42 days. 
	Fixed rabbit heads were imaged on a 4.7T 40 cm Bruker AVANCE scanner with a 12 cm RF coil. For DTI imaging, 3D spin echo sequence was used, with a diffusion gradient (b = 2000 sec/mm2) applied in 6 directions. 
 
RESULTS 
	We find that as age increases from 12 to 42 days, neurophysiological differences between WT, BC, and BC-SU groups become more pronounced (as assessed by p <0.05 on one-way ANOVA), especially in the corpus callosum, cingulum and fimbriae. Using a linear support vector machine (SVM) classifier, classification into WT, BC, and BC-SU groups is possible with high accuracy based on imaging data alone, with increasing classification accuracy as age increases (64% at 10 days and 100% at 42 days). 

CONCLUSION
Craniosynostosis and corrective surgery result in characteristic changes of major white matter tracts, with differences becoming more apparent as age of rabbits increases. 


TITLE: Magic Angle-Enhanced MRI of Fibrous Structures in the Eye upon Intraocular Pressure Loading
AUTHORS (LAST NAME, FIRST NAME): Ho, Leon C.1,2 ; Sigal, Ian A1,3 ; Jan, Ning-Jiun1,3 ; Squires,Alexander4 ; Tse, Zion4 ; Wu, Ed X.2 ; Kim, Seong-Gi3,5 ; Schuman, Joel S.1,3 ; Chan, Kevin C.1,3,
INSTITUTIONS (ALL): 1. UPMC Eye Center, Ophthalmology and Visual Science Research Center, Department of Ophthalmology, School of Medicine, University of Pittsburgh, Pittsburgh, PA, United States.
2. Department of Electrical and Electronic Engineering, The University of Hong Kong, Pokfulam, Hong Kong, China.
3. Department of Bioengineering, Swanson School of Engineering, University of Pittsburgh, Pittsburgh, PA, United States.
4. Medical Robotics Lab, College of Engineering, The University of Georgia, Athens, GA, United States.
5. Center for Neuroscience Imaging Research, Institute for Basic Science, Department of Biological Science, Sungkyunkwan University, Suwon, Republic of Korea.

Background: The structure and biomechanics of the sclera and cornea are central to several eye diseases such as glaucoma and myopia. However, their roles remain unclear, partly because of limited non-invasive techniques to assess their fibrous microstructures globally, longitudinally and quantitatively. 
Significance: Development of magic angle-enhanced MRI technique in the eye may allow improved MRI sensitivity for assessing biomechanical and biochemical properties of ocular tissues in aging and in diseases involving the corneoscleral shell..
Methods: Seven ovine eyes were extracted and fixed at intraocular pressure=50mmHg to mimic ocular hypertension, and another 7 eyes were unpressurized. The sclera and cornea were scanned at different angular orientations relative to the main magnetic field (Bo) inside a 9.4-Tesla MRI scanner. Relative MRI signal intensities and intrinsic transverse relaxation times (T2 and T2*) were determined to quantify the magic angle effect on the corneoscleral shells. 
Results: T2- and T2*-weighted signal intensities were found to be maximal when the tissues were oriented near the magic angle at ~55 to Bo. This magic angle enhancement was stronger in loaded than unloaded ocular tissues at magic angle, suggestive of rearrangement of the collagen fibers. Transverse relaxation times in loaded sclera (T2=32.6±9.2ms and T2*=12.3±1.4ms) were significantly higher than unloaded sclera at the magic angle (T2= 24.9±7.2ms and T2*=8.1±2.9ms) (p<0.05). T2 (69.9±20.4ms) and T2* (34.0±6.4ms) of loaded cornea were also significantly higher than unloaded cornea (T2=48.2±19.4ms and T2*=26.0±12.4ms) (p<0.05).
Conclusions: Magic angle-enhanced MRI can detect and quantify the MR tissue relaxation changes in ocular fibrous structures with intraocular pressure loading.
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	TITLE: Visualization of Aqueous Humor Dynamics upon Chronic Ocular Hypertension and Hypotensive Drug Treatment using Gadolinium-enhanced MRI

	

	AUTHORS (LAST NAME, FIRST NAME): Ho, Leon C.1-3; Conner, Ian P.2,3; Do, Chi-wai5; Kim, Seong-Gi1,3,6; Wu, Ed X.4; Wollstein, Gadi2; Schuman, Joel S.2,3; Chan, Kevin C.1, 2, 3

	INSTITUTIONS (ALL): 1. Neuroimaging Laboratory, Department of Radiology, University of Pittsburgh, Pittsburgh, PA, United States. 
2. Department of Ophthalmology, University of Pittsburgh, Pittsburgh, PA, United States. 
3. Department of Bioengineering, University of Pittsburgh, Pittsburgh, PA, United States.
4. Department of Electrical and Electronic Engineering, The University of Hong Kong, Hong Kong, China. 
5. School of Optometry, The Hong Kong Polytechnic University, Hong Kong, China. 
6. Center for Neuroscience Imaging Research, Institute for Basic Science (IBS), Dept. of Biological Science, Sungkyunkwan University, Suwon, Republic of Korea. 

	

	

	Background: Although glaucoma treatments alter aqueous humor (AH) dynamics to lower intraocular pressure, the regulatory mechanisms of AH circulation and their contributions to the pathogenesis of ocular hypertension and glaucoma remain unclear. 
Significance: Direct visualization of altered AH dynamics upon sustained intraocular pressure elevation and pharmacological interventions may help evaluate regulations of AH circulation in glaucoma.
Methods: Gadolinium contrast agent was systemically administered to adult rats to mimic soluble AH components entering the anterior chamber (AC) via blood-aqueous barrier. Dynamic Gd-MRI was applied to examine the signal enhancement in AC and vitreous body upon microbead-induced ocular hypertension and unilateral topical applications of latanoprost, timolol maleate and brimonidine tartrate to healthy eyes.
Results: Gadolinium signal time courses in microbead-induced hypertensive eyes showed faster initial gadolinium uptake and higher peak signals in AC than control eyes, reflective of reduced gadolinium clearance upon microbead occlusion. Opposite trends were observed in latanoprost- and timolol-treated eyes, indicative of their respective drug actions on increased outflow facility and reduced production of AH. The slowest initial uptake but strongest peak signals were found in AC of both brimonidine-treated and untreated fellow eyes. These findings drew attention to the systemic effects of topical hypotensive drug treatment. Gadolinium leaked into the vitreous body of microbead-induced hypertensive eyes, and brimonidine-treated and untreated fellow eyes, suggestive of a compromise of aqueous-vitreous or blood-ocular barrier integrity.
Conclusions: Gd-MRI allows spatiotemporal and quantitative evaluation of altered AH dynamics and ocular tissue permeability for better understanding the physiological mechanisms of ocular hypertension and the efficacy of anti-glaucoma drug treatments.
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Towards in vivo imaging of multiple transplanted cell populations.

Wen Ling1*, Francesca J. Nicholls1,2*, , Giuseppe Ferrauto3, André R. Massensini1,4,
Daniela Delli Castelli3, Silvio Aime3 and Michel Modo1
1University of Pittsburgh, USA; 2King’s College London, UK, 3University of Torino, Italy, 4Universidade Federal de Minas Gerais, Brazil
* both authors contributed equally

Non-invasive in vivo monitoring of regenerative medicine approaches for tissue reconstruction will be an important technological development to ensure the safety and efficacy of such strategies. However, the involvement of multiple cell types complicates imaging techniques that are dependent on a single contrast mechanism. Herein we explore the use of paramagnetic chemical exchange saturation transfer (ParaCEST) MRI to specifically visualize two transplanted cell populations used for an in situ regenerative medicine approach for the treatment of the stroke-damaged brain. In order to promote the long term survival of transplanted cells within the lesion, vascularization is vital. One potential avenue to achieve this would be through co-transplantation of neural stem cells (NSCs) with endothelial cells (ECs). The ability to simultaneously monitor both populations in vivo is important to correlate the survival and distribution of each cell type with eventual outcome measures, such as neo-vascularization and behavioral recovery. In this study, human NSCs and human brain ECs were labeled using ParaCEST agents Eu-HPDO3A and Yb-HPDO3A respectively. For cellular incorporation of the agents, electroporation and pinocytosis were compared for uptake efficiency and cellular effects. Both methods affected acute cell viability, and ECs were found to be much more resilient than NSCs. Electroporation resulted in a higher intracellular concentration and was therefore taken forward to prepare cells for transplantation. Labeled cells were transplanted into the lesion cavity of a rat stroke model and the two cell populations could be independently visualized 24 hours later and overlaid onto the T2-weighted anatomical image to show cell distribution. These results provide proof-of-principle that simultaneous imaging of two populations of cells in the brain is feasible. Non-invasive imaging will be a key technology to ensure the efficient translation of tissue engineering from bench to bedside and ParaCEST MRI is a promising platform to further develop for this purpose.




An Evolution of A Research Project from Tracking Immune Cell Infiltration to Drug Delivery: A Novel Approach to Improve the Bioavailability and Reduce the Toxic Side Effects of Anticancer Nanodrugs by Treatment with Intralipid

Li Liu 1, Qing Ye 1, Maggie Lu 2, Ya-Chin Lo 2, Yuan-Hung Hsu 2, Ming-Cheng Wei 2, 
Shian-Jy Wang 3, Daniel J. Bain 4, Chien Ho 1
1Department of Biological Sciences, Carnegie Mellon University, Pittsburgh, PA ; 2 Biomedical Technology and Device Research Laboratories, Industrial Technology Research Institute, Hsinchu, Taiwan; 3 Material and Chemical Research Laboratories, Industrial Technology Research Institute, Hsinchu, Taiwan; 4  Department of Geology and Planetary Science, University of Pittsburgh, Pittsburgh, PA.

Background and Significance: Nanotechnology-based imaging agents and chemotherapeutics have been investigated for more than 30 years. Their applications rang from inflammation to cancer and regenerative medicine. A major challenge for translating nanomedicine to clinical applications is their rapid clearance by the reticuloendothelial system (RES), hence reducing efficacy and increasing toxic side effects on off-target organs. Many studies have been conducted attempting to decrease the RES clearance of nanoparticles by modifying nanoparticle characteristics, such as the size, charge, surface property, and composition. Unfortunately, tumor accumulation of the anticancer drugs always represents a mere fraction of total injected dose (1–10%); the majority (40–80%) of injected nanomedicines end up in liver and spleen. Our strategy is to target the RES to temporarily blunt the clearance and to increase the bioavailability of nanoparticles using a FDA approved agent, Intralipid.   
	In the Pittsburgh Imaging Retreat Meeting 2013, we presented our recent discovery that in rodents, Intralipid can reduce RES uptake ~50% and increase blood half-life (t1/2)  ~3-fold of nano- and micron-sized particles in which magnetic resonance imaging (MRI) contrast agents (i.e., superparamagnetic iron-oxide) are loaded. More recently, we have applied this discovery to improve the delivery and reduce the toxic side effect of anticancer nanodrug.

Methods: In our study, we have used an improved anticancer nanodrug, dichloro (1,2-diaminocyclohexane) plantinum (II) (DACHPt) incorporated with hyaluronic acid polymer-coated nanoparticles (HANP), DACHPt/HANP, to test our hypothesis. Intralipid 20% was administered by intravenous injection at a dose of 2 g/kg. PBS was administered to control animals. After one hour, DACHPt/HANP (2 mg Pt/kg for bioavailability and biodistribution studies; 4 mg Pt/kg for toxicity studies) was injected intravenously. Blood samples were collected at different time points to determine the bioavailability of DACHPt/HANP. At 72-hour post injection of DACHPt/HANP, tissues (liver, spleen, and kidney) were collected for the Pt-level determination and histological analysis.

Results: We have found that a single dose of Intralipid can increase the bioavailability of this nanodrug by ~18.7% during the first five hours and decrease the spleen uptake by ~67.2%. Interestingly, Intralipid pre-treatment also can decrease the Pt accumulation in kidney by ~28.7%. Pathological analyses have revealed that Intralipid pre-treatment can significantly reduce the toxic side effects of DACHPt/HANP in liver and spleen.

Conclusions: Our study shows that Intralipid can be used to improve the bioavailability and reduce the toxic side effects of anticancer nanodrugs. Our approach is a general one applicable to any approved and in-development nanodrugs to improve their bioavailability, without any new modification of the nanodrugs and/or the nanocarriers.





19F MRI theranostics for imaging supported drug delivery of a natural product and their analogues

Lu Liu, Michele Herneisey, Sneha Potdar, Janja Mirtic, Christina Bagia, Jonathan Williams, Jane Cavanaugh, Jelena M. Janjic*

Resveratrol, a natural compound found in red grapes, blueberries, and peanuts has both anti-inflammatory and anti-cancer properties.  However, resveratrol exhibits low bioavailability due to rapid metabolism, poor water solubility and low chemical stability. We hypothesize that novel formulation approaches such as nanoemulsions and/or use of resveratrol analogues can be used to address this problem.  Here we report novel perfluorocarbon (PFC) nanoemulsions containing resveratrol and its analogue, resveratrol trimethyl ether (RTE). 
We evaluated the nanoemulsions for particle size, drug loading, and colloidal stability. We also tested toxicity, cellular uptake, and pharmacological effect of nanoemulsions in RAW 264.7 macrophages. The average droplet size was 140 nm, and the average zeta potential was -10 mV. Nanoemulsions were stable under storage and cell culture conditions.  Drug loading was 90% for resveratrol and 80% for RTE as measured by UV-Vis. Nanoemulsion uptake in macrophages was confirmed by fluorescence microscopy. Nanoemulsions themselves were non-toxic, and we observed reduced toxicity of resveratrol and RTE when delivered as a nanoemulsion compared to free drug solutions. These nanoemulsions are first examples of MR imaging nanoparticles loaded with resveratrol and RTE and serve as a model for future development of natural products-based theranostics. 



Title: Top-down Influence on Visual Cortex of the Blind during Sensory Substitution and at Rest
Authors: Matthew C. Murphy1-3,6, Amy C. Nau2-3,5-6, Christopher Fisher2-3, Seong-Gi Kim1,4-5,8-10, Joel S. Schuman2-8, Kevin C. Chan1,3-6,8
1NeuroImaging Laboratory; 2Sensory Substitution Laboratory; 3UPMC Eye Center, Ophthalmology and Visual Science Research Center,  Department of Ophthalmology, School of Medicine; 4Department of Bioengineering, Swanson School of Engineering; 5McGowan Institute for Regenerative Medicine; 6Louis J. Fox Center for Vision Restoration; 7Clinical and Translational Science Institute, University of Pittsburgh, Pittsburgh, PA, USA; 8Center for the Neural Basis of Cognition, University of Pittsburgh and Carnegie Mellon University, Pittsburgh, PA, USA; 9Center for Neuroscience Imaging Research, Institute for Basic Science, Sungkyunkwan University, Suwon, Korea; 10Departments of Biological Sciences and Global Biomedical Engineering, Sungkyunkwan University, Suwon, Korea

Background: Visual sensory substitution devices provide a non-invasive and flexible approach to vision rehabilitation in the blind. These devices convert images taken by a camera into cross-modal sensory signals that are presented as a surrogate for direct visual input.

Significance: While previous work has demonstrated that the visual cortex of blind subjects is recruited during sensory substitution, the cognitive basis of this activation remains incompletely understood. Therefore, in this study we tested the hypothesis that top-down input provides a significant contribution to this activation

Methods: We performed functional MRI scanning in 11 blind and 11 age-matched sighted subjects under two conditions: passive listening before sensory substitution training and active interpretation after a 10-minute training session. In a parallel experiment, we scanned 17 blind and 18 age-matched sighted subjects at rest to investigate alterations in functional connectivity due to visual deprivation. 

Results: We found that the modulation of visual cortex activity due to active interpretation was significantly stronger in the blind over sighted subjects. Furthermore, the functional connectivity experiment demonstrated that visual cortex connectivity shifted away from sensory networks and toward known areas of top-down input. 

Conclusions: Our results indicate an increased role for top-down input in the visual cortex of blind subjects compared to sighted subjects. Taken together, our data support the model of the brain, including the visual system, as a highly flexible task-based and not sensory-based machine.




fMRI measurements of spiking vs. synaptic activity in the rat olfactory bulb

Alexander John Poplawsky1, Hiro Fukuda1, and Seong-Gi Kim1,2

Radiology, University of Pittsburgh, Pittsburgh, PA, USA1; Biological Sciences, Center for Neuroscience Imaging Research, Institute for Basic Science (IBS), SKKU,
Suwon, Korea2


Background and Significance: Functional MRI (fMRI) measures the hemodynamic response to neural activity; but more evidence is needed to understand the relative contributions of spiking and synaptic activities to neurovascular coupling. The olfactory bulb is an ideal model system because spiking activity can be directly suppressed while preserving synaptic activity. 

Methods: In anesthetized Sprague-Dawley rats, excitatory and inhibitory pathways were preferentially activated with individual and simultaneous stimulations of odor (5% amyl acetate) and anterior commissure (AC), respectively; and multi-modal measurements of blood and neural responses were compared: cerebral blood volume-weighted fMRI (high-resolution 110x110x500 µm3, 9.4 T), laser-doppler flowmetry (LDF - measure of cerebral blood flow) and electrophysiology. 

Results: Blood volume (fMRI) and flow (LDF) increased for both stimulus types, while spiking activity increased for odor and decreased for AC stimulations. To assess the relative contributions of spiking activity to the fMRI response, differential analysis was performed between the sum of the individual stimulations and the simultaneous stimulation ([Odoralone + ACalone] – Odor+ACtogether), where odor-evoked spiking activity is suppressed in the Odor+ACtogether condition, but remains intact in the [Odoralone + ACalone] condition. We observed significant fMRI differences in the glomerular, external plexiform, mitral and granule cell layers (one-sample t-test, p<0.05), with the most significant difference occurring at the site of spiking activity (mitral cell layer: p = 0.007, 0.28 ± 0.08% fMRI signal change). At this layer, 3.71 ± 0.37% signal change is attributed to synaptic activity (Odor+ACtogether).

Conclusions: Our preliminary results indicate that synaptic activity is the dominant source of the hemodynamic response.


Effect of Intralipid on the Promotion of CD4+CD25+Foxp3+ Regulatory T-cells and Attenuating Acute Cardiac Rejection 
Qing Ye*, Li Liu*, Yijen L. Wu, Fang-Cheng Yeh, Lesley M. Foley,
 T. Kevin Hitchens and Chien Ho

Department of Biological Sciences, Carnegie Mellon University, Pittsburgh, PA
* Contributed equally

Background and Significance: A growing body of evidence indicates innate immune cells play a pivotal role in the induction of regulatory T cells (Treg). Studies have shown a variety of immunomodulatory effects for Intralipid (IL), a FDA-approved nutrition emulsion. We hypothesize that IL may reduce cardiac allograft rejection by modulation of the innate immune system. 
Methods: Abdominal heterotopic working heart transplantation was performed in a fully major histocompatibility complex mismatched rat strain combination (Dark Agouti (RT1a) to Brown Norway (RT1n)). Recipients were treated intravenously with IL or normal saline. 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 inflammatory innate immune cell infiltration at 7 Tesla.
Results: Treatment with IL resulted in a significant prolongation of median graft survival from 7 days to 12 days. A significant increase of CD4+CD25+Foxp3+ Tregs in peripheral blood was detected in the IL-treated group as compared to the control group started on post operation day (POD) 3 (14.4% ± 2.6% vs. 7.0% ± 0.67%, P < 0.0001). Tregs obtained from IL-treated recipient splenocytes significantly suppressed alloproliferation in mixed leukocyte cultures (IL vs. control; 66.2 ± 4.97 vs. 7.71± 1.95, P < 0.0001). When allografts, in control group, were showing signs of rejection and cessation of cardiac contractility, the IL-treated allografts demonstrated preserved cardiac function and myocardium integrity. Improvements were associated with increased Tregs found in the blood and graft heart.
Conclusions: Our study demonstrates that IL may attenuate cardiac allograft rejection and this is associated with an increase in CD4+CD25+Foxp3+ Tregs. 


DCE MRI: Looking for the Best Mousetrap
H. Michael Gach, Matt Oborski, Andrea Gillman, Charles M. Laymon, James M. Mountz
University of Pittsburgh, Pittsburgh, PA

Background & Significance: Dynamic Contrast Enhanced (DCE) MRI is a valuable technique for measuring perfusion characteristics of tumors. Quantification often requires measurement of regional T1 changes to deduce exogenous contrast concentrations. 3D sequences are typically used to optimize spatial and temporal resolution. Unfortunately, the slab selective pulses used in 3D MRI result in B1 inhomogeneities across the volume of interest that can lead to errors in T1 and the estimated gadolinium concentration. The objective of this work was to determine the best pulse sequence available for DCE studies.

Methods: We measured T1 using 3D TWIST, VIBE, and GRE sequences in phantoms at 3 T using a Siemens mMR (VB20P). Twenty axial slices were acquired. B1 maps and T1 maps were also acquired using 2D EPI. The sequences were tested in a doped water phantom 3.75 g/L NiSO4∙6H2O (T1 = 0.1 s) + 5 g/L NaCl and a 2% agar, 0.67% NaCl phantom (T1 = 1.7 s).

Results and Conclusion: The 3D VIBE sequence had the largest region of homogeneity compared to the 3D GRE and TWIST sequences. Based on the results, GRE yielded the most uniform B1 and T1 values in the middle of the 3D volume, VIBE gives the largest usable volume but with variations in B1 and T1 between slices. Therefore, caution must be used when performing quantitative DCE MRI studies since ~50% of the imaging volume does not yield the correct T1 value.

Homogenous and Low SAR Acquisitions at 7T
Narayanan Krishnamurthy1, Yujuan Zhao1, Tiejun Zhao3, Shailesh Raval2,1, Sossena Wood1, Tales Santini1,  Junghwan Kim 1 and Tamer S. Ibrahim1,2
Departments of 1Bioengineering and 2Radiology, University of Pittsburgh, Pittsburgh, PA; Siemens Medical Solutions

Purpose: UHF imaging is an invaluable non-invasive translational research tool, as one can obtain high resolution high signal to noise images that are more sensitive to contrast mechanisms such as BOLD and susceptibility. The main challenges of UHF imaging are RF absorption and B1+ inhomogeneity, and increased patient coil interactions. The Tic-Tac-Toe (TTT) cross pole 20 ch array has been shown to be insensitive to RF loading via. simulations and experiments. Here we present different imaging modalities namely turbo spin echo (TSE) , fluid attenuated inversion recovery (FLAIR) and time of flight (TOF) obtained using different RF shim parameters in order to achieve hole brain coverage. Method: Figure 1b shows  field maps of a 3D whole brain uniform excitation used for 3D acquisitions (MPRAGE and 3D SWI, not shown) and different 2D slabs were used to obtain (TSE, FLAIR & TOF) in whole brain.

Results and Discussion: The TTT Tx and 32 channel Rx insert design provide consistent outstanding spatial resolution, high SNR images. Different 3D whole brain shim excitation and 2D slabs with whole brain coverage were used to obtain (TSE, FLAIR & TOF) images.












Figure 1a: 7T head coils designed and constructed at Pitt RF Research Facility. (left) 32Ch Receive array  (right) 20h TTT Transmit array.  1b) 3D Whole brain uniform excitation   


[image: ]Figure 4: FLAIR 0.72x0.72x4mm  resolution, TE=101, TI=2900, TR=16000 mSec

Figure 3: TSE 0.4x0.4x2mm resolution, TE=54, TR=14000 mSec



Figure 4: Time of flight MRA (Coronal, Sagital and Axial Views)  0.32x0.32 mm in plane resolution TE=4.8, TR=15000 mSec




Improved Resting State fMRI using B0 correction
AS Kurani1,2, Y Lee2 ,T Kim2 and JW Pan1,2 
Dept. 1Neurology and 2Radiology, University of Pittsburgh

Background: Resting state fMRI (RS-fMRI) is commonly used to investigate the integrity of functional connections and changes in the human brain.  Because of the accumulated phase that is intrinsic to the echo-planar acquisition, RS-fMRI data quality can be inconsistent because of B0 inhomogeneity, resulting in signal dropout or as geometric distortion. Tools are available to correct the geometric distortion from B0 inhomogeneity but are not consistently used by the fMRI community. Using high accuracy B0 maps collected with BOLERO (B0 loop encoded readout), we examine how well B0 correction improves temporal SNR and ICA analysis.

Significance: B0 geometric distortions are a concern for EPI-based sequences and are exacerbated with increased field strength.  This results not only in signal dropouts, but as geometric distortions which affect alignment, warping and subsequent analyses in standardized space.  The current project aims to increase temporal SNR (tSNR) through the use of B0 fieldmap corrections in order to improve ICA analysis reliability.

Methods: Resting state scans were collected using a fixation task paradigm over 8 minutes on a 3T Siemens Trio with 32 channel head coil.  General preprocessing methods were adapted from Kurani 2014, with the incorporation of B0 correction for ICA analysis.  EPI parameters: TE=35 msec, TR=3 sec, Voxel size=3.1x3.1x3.1 mm3 .  tSNR is calculated as the voxelwise mean of the signal divided by the voxelwise standard deviation of the residual time series (noise).

Results: B0 inhomogeneity correction improved temporal SNR in the frontal lobe by at least 15-50% in areas most susceptible to B0 inhomogeneities.  Additionally, geometric distortions were improved, reducing alignment errors between structural and functional scans, as well as improved warping of EPI data to MNI space, improving the overall reliability of Resting State ICA analysis.
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Figure 1: Areas within the brain with 15% (red) to 50% (yellow) increase in tSNR after B0 correction


Conclusions: B0 field corrections are a necessary processing step in EPI based acquisitions in order to improve temporal SNR, reduce geometric distortions and improve reliability of resting state ICA analysis.


Signal processing of magnetic resonance fingerprinting data: data compression and noise reduction

Juhun Lee, Department of Radiology, University of Pittsburgh
Chan-Hong Moon, Department of Radiology, University of Pittsburgh
Jeffrey W. Barker, Department of Bioengineering, University of Pittsburgh
Kyongtae Ty Bae, Department of Radiology, University of Pittsburgh

Background & Significance:
MR fingerprinting (MRF) is a new MR acquisition and pattern matching method for quantification of MR parameters. The pixel data (sparsely acquired under randomized sequence) are best matched with a dictionary (simulated with pre-defined entries). One of drawbacks of the current MRF matching is that it only seeks temporal similarity between each voxel and dictionary entry, while disregarding spatial information of the MR image, which may improve the accuracy of the matched MR image. Moreover, current matching method cannot reduce noise such as physiology effect. This study employed spatial information in a MRF image to reduce such noise introduced during MRF image acquisition.  
Methods:
MRF acquisition of brain was performed at 3T. Balanced-SSFP was applied for single-slice image, and the echo was acquired using highly undersampled variable-density spiral sequence. Imaging was repeated with (pseudo-)randomized flip angle and phase of RF pulse, TR, and rotated spiral trajectory. The procedure was repeated 3 times for a subject. Singular value decomposition was applied on each of 3 brain MRF images to compute its low-rank approximation. We assumed that the first few right singular vectors (k=10,50,100) should retain the spatial information in the MRF image. Voxel-wise variations in MR parameters (T1, T2, inhomogeneity) across 3 repetitions of those approximated images were compared with that of the full-rank image.  
Results:
For all MR imaging parameters, variations across 3 repeated acquisitions were reduced when k=10, while it remained similar for other cases. 
Conclusions:
This study showed that low-rank approximation of the MR image acquired using MRF scheme can reduce the noise introduced during the acquisition stage.


Analysis of proton MRSI metabolites with improved tissue segmentation at 7T

Yoojin Lee1, Tae Kim1, Tiejun Zhao2, Victor Yushmanov1, Jullie W. Pan1, and Hoby P. Hetherington1

1Department of Radiology, University of Pittsburgh, Pittsburgh, Pennsylvania, United States, 
2Siemens Medical Solution USA, INC., Siemens MediCare USA,
Pittsburgh, Pennsylvania, United States


Background and Significance
Analysis of brain MRSI data for neurological disorders requires accurate tissue segmentation. Recently, a simple technique was developed to reduce signal intensity variations induced by B1 inhomogeneity, dividing high-resolution MPRAGE images by GRE images. This technique also removes proton density and T2* contrast from T1-weighted signal and results in much purer T1 contrast data. In this study, we applied this approach to improve tissue segmentation at 7T for more precise metabolic analysis for MRSI.

Methods
Data from three healthy volunteers and one tumor patient were acquired at 7T using an 8 channels transceiver array. A 28 channels shim insert coil was used for higher-order B0 shimming. The MPRAGE images were divided by additionally acquired GRE images to reduce residual signal variation arising from B1 inhomogeneity. The resulting normalized images were segmented to GM, WM, and CSF. The dataset of percent GM and Cr/NAA from all healthy subjects was used for linear regression analysis. 

Results
Figure 1 shows that both the conventional MPRAGE and GRE images have the typical decrease signal in the center region of the brain mainly due to the B1- inhomogeneity. This effect is minimized in normalized images. Figure 2 shows the linear regression from three healthy subjects (R=0.66) and the voxels from the tumor patient. 

Conclusions
We show that normalization of MPRAGE images at 7T improves segmentation and parcellation, and is likely to be useful to more accurate analysis of MRSI data.
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Fig. 1. (a) Conventional MPRAGE image. 
(b) GRE image. 
(c) MPRAGE/GRE ratio image. 
(d) Segmentation results of (c). 

Fig. 2. Linear regression line from healthy subjects, 99% confidence interval, 99% prediction interval, and tumor patient data.





Whole Brain Measurement of Arterial Spin Labeled Perfusion Signal Dynamics Using Multi-Band Look-Locker Technique

Yoojin Lee1 and Tae Kim1

1Department of Radiology, University of Pittsburgh, Pittsburgh, Pennsylvania, United States 


Background and Significance
The dynamics of perfusion signal change after the arterial spin labeling (ASL) can provide multiple information simultaneously to determine the brain physiology, such as the kinetics of water exchange between tissue and blood, transit time, and the tissue relaxation time. These metrics can be efficiently measured by the Look-Locker (LL) technique with multiple TI measurements after single labeling. However, it is limited to obtain a sufficient number of slices covering the whole brain using the conventional multi-slice EPI technique. We developed multi-band (MB) LL technique in conjunction with ASL to measure the perfusion dynamics with fine time resolution for whole brain volume. 

Methods
Six healthy subjects were studied on a 3T Siemens system using a 32-channels head coil. We acquired the data with and without the crush gradients to arterial component. Data were acquired at 15 readout steps after spin labeling with time interval = 259 ms and MB factor = 5. The imaging parameters were voxel size = 3.69 x 3.69 x 4.0 mm3, b = 0 and 3 s/mm2, flip angle = 30°, and 40 averages. MPRAGE images were acquired and parcellated for multiple ROIs. Data were fitted to the general kinetic model of perfusion signal. 

Results
We successfully acquired multiple physiological parameters from multiple ROIs by using the least-squares fitting procedure with and without arterial blood component. The average and standard deviation of the transit time and the maximal exchange time are shown in the table for multiple ROIs. More specified subdivided ROIs were also obtained.

Conclusions
We demonstrated that the dynamic changes of the perfusion signal can be monitored for whole brain using MB LL-ASL technique. The dynamics of perfusion signal from detailed ROIs are expected to be a critical indicator for cerebrovascular-related diseases. 


	
	b = 0 s/mm2
	b = 3 s/mm2

	
	Transit time 
[ms]
	Maximal exchange 
time [ms]
	Transit time [ms]
	Maximal exchange 
time [ms]

	Frontal
	454 ± 158
	1688 ± 295
	844 ± 217
	2124 ± 326

	Insula
	282 ± 111
	1152 ± 306
	674 ± 246
	1903 ± 356

	Occipital
	553 ± 114
	1909 ± 328
	940 ± 72
	2637 ± 612

	Parietal
	599 ± 172
	1830 ± 247
	1107 ± 209
	2517 ± 646

	Subcortical
	411 ± 127
	1531 ± 255
	715 ± 155
	1832 ± 337

	Temporal
	347 ± 55
	1447 ± 269
	632 ± 69
	2156 ± 381





Ultra-high Field Extremity imaging
Shailesh B Raval1, Tiejun Zhao2, Narayan Krishnamurthy1,Vijay Gorantla1, Tamer S Ibrahim1
1University of Pittsburgh, Pittsburgh, PA, United States, 2Siemens Medical Solutions, Pittsburgh, PA, United States
Target audience: Researchers who are interested in ultrahigh field extremity imagingb
a
c
d

Purpose: MRI of extremities is an invaluable non-invasive method widely used in orthopedic, hand surgery, post-transplant evaluation, variety of pathologic hand conditions, and specifically in the evaluation of dystrophic lesions, hamartomas and rare neoplastic lesions [1]. It is not only important to find out accurate locations but also its internal structure and relationship with neighboring muscular structures. In order to address these clinical soft tissue challenges, Ultra high field (UHF) imaging is the precise imaging tool which provides high signal-to-noise ratio (SNR), higher image resolution, and reduced scan time [2]. Due to the small electrical size of the arm/hand and since upper extremities do not provide high filling factor, we use TEM resonator rather than multichannel transmit or transceiver approach in conjunction with eight channels receive only insert array at 7T.Figure 1: a) TEM Coil b) 8-Ch Receive array c) FDTD TEM model, d) S11 matching for both ports

	Table 1: 7T Musculoskeletal imaging protocol

	Sequences
	FOV(mm)
	TR/TE
	Slices

	T2 DESS (294x 448)
	105x 160 
	18/5.2
	238

	T1 VIBE(304x512)
	95 x 160 
	12/4.5
	288

	T2 SWI (336x512)
	105 x 160 
	23/15
	128

	T1 GRE(448x448)
	100 x 100 
	1030/5.64
	19

	DTI (D:64, b=0,1300)
	700 x 620 
	7000/83
	65

	DSI (b=0 to 2000)
	700 x 620 
	8000/80
	65

	TOF(236x640)
	85 x 208 
	12/4.5
	-

	B1+ map Seq.
	100 x 100 
	1500/1.83
	112


Method: A shielded design of actively detuned TEM resonator (figure1a) has two ports driven by quadrature hybrid instead T/R switch. Active decoupling is used to detune the TEM resonator during receive operation. The eight channel receive only insert array was designed as shown in figure1(b) contains eight inductively decoupled surface loops[3], each one is 18x8 cm2 in size, were distributed evenly to fit in the transmit coil to cover the AOI. It not only decouples adjacent loops by overlapping but also next to adjacent loop using inductive decoupling to make sure minimum isolation of -15 dB is achieved. It detunes eight loops using passive tank circuit during transmit operation mode. A detailed method mentioned in Ibrahim et al [4] was followed to model the TEM coil and human hand as a single system using FDTD without receive array (figure 1c). All the MR imaging parameters are shown in table 1. b
c
d
a

Results: For TEM coil, the measured S11 was -21dB under loaded (forearm) condition and S12 was -16 dB (<3%). All eight receive channels have S11 of -15dB or more and S12 of -14 dB (<3%) or more. Active detuning was measured to be -30dB minimum using decoupled flux probe. The TEM’s Q factor (unloaded to loaded) ratio of 240/90 and for receive only loops 280/65. The  statistical coverage area of 120 sq. cm has mean/SD: 743/126. The SNR was measured 44, and CNR of 33 for in-vivo coronal images. The average SAR per 10g of tissue is 2.64 W, and peak SAR per 10g of tissue is 11.73 W. At 7 Tesla, experimental B1+ maps shows a good agreement with the simulated B1+ field distribution (figure 2 a: simulated B1+ to c:muscle phantom and d:human subject). The in-vivo arm images show excellent anatomical detail in T1W VIBE (Figure 2e, f, g, h), T2W DESS(figure 2i, j), SWI(Figure 2k, l), ToF (figure 2m, n), Diffusion Tensor Imaging (figure 2 o, p: Fiber anisotropy, q: 3D view FA reconstruction of ulnar and median nerve), Diffusion spectrum imaging (figure 2 r: fiber tractrography of Ulnar and median nerve), and vessel segmentation(figure 2 s: brachial branches and venous vasculature). 
 
 
 
 
 
 
 
e
f
g
h
i
j
n
m
l
k
Bone
Nerves
o
r
p
q
s
In-vivo arm Imaging:  Figure 2 [a]: B1+ field,[b]: SAR,[c]: B1+ in phantom , [d]: B1+ in human subject, [e, f, g, h] : T1 VIBE, [i, j] : T2W DESS, [k, l]:  SWI, [m, n]: TOF , [o, p]: Fiber anisotropy of DTI data, [q]: 3D view FA reconstruction of ulnar and median nerve), [r]: fiber tractrography of Ulnar and median nerve of DSI data , and [s] : Vessel  segmentation  (brachial branches and venous vasculature).

Conclusion: The actively detuned TEM coil now makes independent transmit-receive coil operation possible at 7T and beyond for head and body applications. Our ongoing work not only involves optimizing the coil design but few applications specific pulse sequences for musculoskeletal imaging. 
References: [1] Diagnostic imaging of tumors of the hand and wrist. Garcia J, Bianchi S. [2] 7T vs. 4T: RF power, homogeneity, and signal-to-noise comparison in head images. Vaughan JT et al, Magn Res Med. 2001;46:24–30. [3] The NMR phased array, Roemer P.B., MRM Nov 2005, 192-225. [4]Ibrahim, T.S., et al., Effect of RF coil excitation on field inhomogeneity at ultra high fields: a field optimized TEM resonator. Magn Reson Imaging, 2001. 19(10): p. 1339-47.
In vivo brain Rosette Spectroscopic Imaging (RSI) with LASER excitation, constant gradient strength readout and automated LCModel quantification for all voxels 
Claudiu V. Schirda1, Tiejun Zhao2, Ovidiu Andronesi3, Yoojin Lee1, Julie Pan1, Fernando E. Boada1, Hoby Hetherington1

1) MR Research Center, University of Pittsburgh, Department of Radiology
2) MR R&D Siemens Collaborations, Siemens Healthcare USA 
3)  Martinos Center, Dept of Radiology, Massachusetts General Hospital

Background: Requirements for achieving simultaneously proper K-t space sampling, highest SNR sensitivity, and fastest acquisition for the rosette trajectories in a spectroscopic imaging experiment, resulting in a complete parameterization of the trajectory and number of excitations needed, have been previously described.

Significance: High-sensitivity, fast spectroscopic imaging and automated processing and quantification of the data is important to researchers and clinicians alike.

Methods: In this work, using localized adiabatic spin-echo refocusing (LASER) for excitation, Rosette Spectroscopic Imaging (RSI) is implemented and tested with reduced demands on the scanner gradient system, in an MRS phantom and in-vivo brain, on 3T MR and 3T MR/PET imagers. Data from all voxels is automatically quantified using LCModel.

Results: A 20x20x12 RSI acquisition scheme with a 8mm isotropic resolution (0.5cc) is demonstrated with maximum gradient Gmax=5.8mT/m and slew rate Smax=45mT/m/ms, in scan times as short as 5 minutes, in three healthy controls and two glioblastoma patients. The Bland-Altman agreement between RSI and elliptical phase-encoded (ePE) CSI is characterized by narrow 95% confidence interval for their difference (13% of the mean). Compared to the ePE sequence at the same nominal resolution, the effective RSI voxel size was three times smaller and the measured SNR sensitivity, normalized to voxel size, was 43% greater.

Conclusion: 3D LASER-RSI is a fast, high-sensitivity spectroscopic imaging sequence, which can acquire medium-to-high resolution SI data in clinically acceptable scan times (5-10 minutes), with reduced stress on the gradient system, decreased noise and improved patient comfort. An automated pipeline for data processing was developed.



Fast Optimized Multishell Imaging for High Definition Fiber Tracking of White Matter Tracts
	
	Walter Schneider,  Sudhir Pathak,Tae Kim, Catherine Fissell, Rebecca Hachey, Deepa Krishnaswamy,  William Bird, Nora Preson, Lauren Wagener University of Pittsburgh

There is a need for high quality white matter fiber tracking at modest scan times for research, clinical and pediatric imaging that can operate on multiple vendors with current generation high end 3T MRI machines.  Our group has been examining: 1) use of Mulltiband/ Simultaneous Muiltislice (SMS) acquisition with the Minnesota and MGH research diffusion imaging protocols; 2) use of DSI versus multishelll HARDI imaging; and 3) relative value of different combinations of b values and directions in the range of b=1000 to 7000 on the TIM Trio and 10000 on the MGH connection machine (in collaboration with Larry Wald).  The methods of evaluation include blinded rating of anatomical tracts and quantitative metrics of SNR and tract projections.  We have found there appears to be an optimal point to acquire diffusion for fiber tacking at b=7000 on the connectome and TIM Trio machines. The peak is likely due to the interaction of an improving ability to see the inferior crossing tract with increasing b that improves angular focus combined with a declining SNR with increasing b. Current results indicate that good quality fiber track imaging can be rapidly acquired from a single shell (b=5000 d=64) that can be run rapidly (six minutes) on most vendor platforms that support 32 channel acquisition. We are developing a set of acquisitions recommendations ranging from 5 to 30 minutes to acquire diffusion data to support High Definition Fiber Tracking for detection of TBI damage and basic research mapping full brain connectivity.


Free-Breathing Perfusion MRI with Respiratory Motion Prediction

Hao Song1, Wenyang Liu2, Dan Ruan2,3 and H. Michael Gach1,4
1Department of Radiology, University of Pittsburgh, PA
2Department of Bioengineering, UCLA, CA
3Department of Radiation Oncology, UCLA, CA
4Department of Bioengineering, University of Pittsburgh, PA

Background: Arterial spin labeling (ASL) is an endogenous contrast perfusion MRI method. As a subtraction-based method, the ASL result is sensitive to motion between successive label and control images, which restricts its use in the abdomen. A respiratory motion prediction (RMP) algorithm was developed to minimize subtraction errors and eliminate the need for breathholds.

Significance: The RMP algorithm can provide accurate prediction for the respiratory motion, and allow free-breathing perfusion measurement in the abdomen. The successfully implemented algorithm can greatly reduce the scan time and patient effort in the typical ASL measurements that require breathholds or other motion compensation techniques, while maintaining high accuracy.

Methods: An Artificial Neural Network (ANN) algorithm was evaluated for RMP with a multi-input-multi-output (MIMO) feature. The navigator profiles acquired during the ASL transit time was supplied to the ANN inputs. The trained ANN algorithm provides multiple outputs covering the entire acquisition duration for the same repetition, enabling realtime adjustment of the multislice excitations.

Results: The RMP algorithm accurately predicted the respiratory motion covering the entire acquisition duration with mean absolute error of 0.8 mm for a total of 1120 predictions. Satisfactory perfusion maps of the kidneys were obtained using the free breathing ASL.

Conclusions: The RMP algorithm is a useful tool to reduce the motion-related subtraction errors in the ASL method. Further investigation is required to compare the RMP method with other motion compensation techniques.


Assessment of the Accuracy of CMRO2 Calculations From Blood Oxygenation Data: Arterial Oxygenation and Calibration
 
Alberto L. Vazquez, Mitsuhiro Fukuda, Seong-Gi Kim
 
Neuroimaging Laboratory, Department of Radiology, University of Pittsburgh, Pittsburgh PA
 
The brain relies on the consumption of oxygen to sustain its function.  In addition, the cerebral metabolic rate of oxygen consumption (CMRO2) is modulated by changes in brain activity.  The prevalent use of blood oxygenation-level dependent (BOLD) functional magnetic resonance imaging (fMRI) to image brain function has increased interest in the quantification of this physiological parameter because of its direct connection to brain activity.  Since BOLD fMRI is sensitive to the amount of deoxygenated blood in the imaging volume, its relationship to CMRO2 is not straightforward and models are used to bridge the gap between blood oxygenation signals and tissue oxygen consumption. 
The aim of this work is to assess the accuracy of typical blood oxygenation methods to quantify changes in CMRO2 by evaluating the validity of physiological assumptions and examining their impact; these are: (1) arterial blood oxygen is fully saturated, and (2) hypercapnia is well-suited to calibrate the changes in blood oxygenation.  For this purpose, the changes in blood oxygenation were measured using optical imaging of intrinsic signal (OIS) at a wavelength of 620 nm, which has similar sensitivity to BOLD fMRI.  Blood flow and vascular and tissue PO2 were also concurrently measured in these experiments using laser Doppler flowmetry (LDF) and oxygen microelectrodes.  These data were acquired during evoked stimulation under two different physiological conditions: suppressed-CBF and control.  The suppressed-CBF condition data provides a simplified physiological framework for which the impact of these assumptions can be investigated. 
                        In summary, it was observed that a systematic error is introduced in CMRO2 calculations when a fully oxygenated arterial input is assumed; however, this error was not observed to affect the temporal estimates of CMRO2.  It was also observed that the changes in tissue oxygen tension and blood oxygenation were in near equilibrium over a time-scale of 1 to 2 s.  Considering that many, if not most, fMRI measurements are made over this temporal scale, steady-state models are appropriate in these studies for the calculation of CMRO2.  Lastly, it was observed that the hypercapnia challenge did not provide a reliable calibration coefficient for the calculation of evoked changes in CMRO2 from control condition data.  This may be due to differences in the CBV response between hypercapnia and evoked stimulation. 



Quantitative assessment of early- and delayed DCE-MRI background parenchymal enhancement in breast cancer risk prediction

1Shandong Wu, PhD; 1Wendie A. Berg, MD, PhD; 1Margarita L. Zuley, MD; 2Brenda F. Kurland, PhD; 3Rachel C. Jankowitz, MD; 1Jules Sumkin, DO; 1Robert M. Nishikawa, PhD; 1David Gur, ScD
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Background
Background parenchymal enhancement (BPE) quantified from breast dynamic contrast enhanced MRI (DCE-MRI) has been shown to predict breast cancer risk. In typical clinical setting multiple DCE post-contrast sequences are acquired.

Significance
This study will suggest the risk prediction effect of BPE quantified from an early vs. delayed post-contrast sequence.

Methods
A retrospective case-control study was performed using DCE-MRI scans from 102 patients who underwent biopsy: 51 had newly diagnosed unilateral breast cancer and 51 were age- and date-of-MRI matched controls with a unilateral biopsy-proven benign. For each scan, three post-contrast-subtracted sequences (i.e., SUB 1, SUB 2 and SUB 3) acquired over a total of 7 minutes were analyzed. BPE%, the relative amount of BPE volume over the breast volume, was quantified from each of the sequences using fully automated computer algorithms on the breasts contralateral to the cancers and the contralateral (negative) breasts of the controls. Multivariable conditional logistic regression was performed to assess BPE as predictors of breast cancer risk.

Results
After adjustment for mammographic and MRI-quantified breast density, breast cancer risk odds ratios were 3.6 (95% CI: 1.3-10.1; p=0.01), 2.8 (95% CI: 1.3-6.2; p=0.01), and 2.4 (95% CI: 1.2-5.0; p=0.02) for BPE% quantified from SUB1 1, SUB 2, and SUB 3, respectively.

Conclusions
BPE estimated from three time-point post-contrast sequences has a similar predictive effect, indicating a single post-contrast sequence (i.e., SUB 1) may be adequate for use to estimate breast cancer risk using breast MRI in the context of breast cancer screening for high-risk women.



Effect of behavioral therapy for urge incontinence on brain function

N Resnick MD, S Tadic MD, B Clarkson PhD, A Murrin BS, D Griffiths PhD
Division of Geriatric Medicine, University of Pittsburgh
Background
Urge urinary incontinence (UUI) is common and troublesome in older people; the mechanism of disease is poorly understood. We aimed to use biofeedback assisted pelvic floor exercises (BFB) to explore the cerebral mechanisms involved in UUI and changes associated with symptom improvement.
Significance
Most studies of UUI focus on the bladder, rather than loss of bladder control (urgency/leakage). Greater understanding of CNS control may lead to establishing patient phenotypes, better targeting of treatment and new treatment options.
Methods
Sixty women > 60y with UUI and >5 leaks per week had 4 BFB sessions to improve symptoms, with fMRI during standardized bladder filling protocol pre- and post-therapy. 
Results
Leak Frequency
· Median leak frequency decreased: 3.3 to 1.7/24h (P < 0.0001):
· Responders ( >50% reduction in number of leaks – 24/60): 3.0 to 0.3/24 h. 
· Non-responders (36/60): 3.4 to 2.7/24h 
· Pre-therapy not different between responders and non-responders (P=0.5).
fMRI

dACC/SMA  - strongly activated at baseline in responders, decreased in reaction to successful treatment.

mPFC  - strongly deactivated at baseline (only non-responders);  did not change significantly after treatment. Predicted but did not mediate failure of UUI to improve. 

Insula - activated in responders at baseline, unchanged after BFB. Activation much less pronounced in non-responders. Insula activation predicted (not mediated) success of BFB. 
Conclusions
Women showing symptom improvement after biofeedback also show change in brain function as a consequence of treatment. Those refractory to treatment show a different initial pattern of activity suggesting that they represent a different phenotype.



WNK3-SPAK KO Mice Exhibit Reduced Lesion Size by ADC and DTI 
MRI after Focal Cerebral Ischemia
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Kinases play an important role in the response to ischemic injury such as stroke.  The WNK (with no lysine = K) and Ste20/SPS1-related proline-alanine-rich protein kinase (SPAK)/oxidative stress-responsive 1 (OSR1) serine-threonine kinases comprise an evolutionarily conserved signaling pathway that regulates activities of multiple ion transporters and channels to control cell volume and epithelial ion transport.  However, their roles in regulation of brain water homeostasis in ischemic brain remain unknown.  Our recent study demonstrates that genetic deletion in mice of WNK3, a WNK family member exhibiting robust brain expression, is neuroprotective after transient focal ischemia (tMCAO).  In this study, we conducted MRI analysis to investigate changes of brain edema and white matter injury in control (WT) and WNK3 knockout (KO) mice after tMCAO. The apparent diffusion coefficient (ADC) of brain tissue water measured by diffusion-weighted magnetic resonance imaging (MRI) can detect ischemic injury. Animals at 3 days post-ischemia were deeply anesthestisized (5% isoflurane in 70% N2O/30% O2), then perfused with PBS (pH7.4) and 4% paraformaldehyde in PBS (pH7.4).  Ex-vivo brains (excised and stored in cold 0.1M PBS for 24-48 hrs) were imaged at 11.7T using a slice-selective spin echo-DTI sequence, with parameters that included 30 gradient directions, TR/TE = 2500/22 ms, b value = 1200 s/mm2, 0.09 x 0.09 µm in-plane resolution, and Δ/δ = 10/5 ms, based on our previous studies.  Infarct volumes were 13.8mm3 ± 2.5mm3 in WNK3 WT brains and 8.2mm3 ± 3.9mm3 in WNK3 KO brains, representing ~ 35% reduction in infarct volume in WNK3 KO mice. This is consistent with less edema formation in WNK3 KO brains, as determined by water content measurement.   Diffusion tensor imaging (DTI) of fixed brains can reveal changes in structure, connectivity, and tissue integrity.  Preliminary DTI results demonstrate no significant change in FA between the CL and IL corpus callosum in WNK3 KO mice (0.37mm3 ± 0.03mm3 vs. 0.35mm3 ± 0.02mm3, respectively) compared to a ~20% reduction found in WNK3 WT mice, (0.4mm3 ± 0.03mm3 vs. 0.32mm3 ± 0.02mm3  in the CL and IL corpus callosum, respectively). Taken together, our preliminary findings suggest that WNK3 transgenic knockout mice exhibit reduced grey matter damage and improved white matter integrity after ischemic insult. 

Keywords: MCAO,DTI,ADC, FA,Focal Cerebral Isochemia



 Autism Detection from MRI using a Transport-Based Morphometry Approach 

Shinjini Kundu1,5, Soheil Kolouri1, Tim Keller3, Marcel Just3, Gustavo K. Rohde1,2,4
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BACKGROUND AND SIGNIFICANCE 
Autism spectrum disorder is currently the fast growing developmental disability, causing characteristic cognitive and behavioral impairments. Autism is currently defined and diagnosed clinically. Our goal is to determine whether brain morphology can predict autism clinical diagnosis in a sensitive and specific manner. 

METHODS 
T1-weighted whole-brain MR images of 33 adult subjects with clinically diagnosed autism and 33 age- and IQ-matched controls were obtained using a 3T Siemens Verio MRI scanner with sagittal MPRAGE sequence (TR = 1700 ms, TE = 2.48 ms, T1 = 900 ms, flip angle = 9 deg). Subject age was 16 – 65 years, with average full-scale IQ of 114. 
We introduce a new pattern recognition technique based on the mathematics of optimal mass transport, called Transport-Based Morphometry (TBM), for analyzing the MR images. 

RESULTS 
TBM is able to predict autism diagnosis from the structural MR images alone with 90% accuracy, a significant improvement over state of the art methods, which achieve 46-70% accuracy. 

CONCLUSION 
We believe the new approach could be useful in probing relationship between brain morphology and clinical symptoms in other neuropsychiatric disorders, facilitating scientific understanding and the diagnostic role of MRI in these diseases.


Correlation of Cerebral Blood Flow and Apparent Diffusion Coefficient in Pediatric Cardiac Arrest

Leah Manchester1, Vince Lee PhD2, Vince Schmithorst PhD2, Ashok Panigrahy MD2, Patrick M Kochanek MD3, Ericka L Fink MD MS4
1University of Pittsburgh School of Medicine, 2Children’s Hospital of Pittsburgh Department of Radiology, 3UPMC Department of Critical Care Medicine, 4Children’s Hospital of Pittsburgh Department of Critical Care Medicine


	Regional hyperemia and restricted diffusion are associated with poor outcome in neonates with hypoxia-ischemia (HI). It is unknown whether these changes occur after pediatric brain injury or if they are injury mechanism-specific. In this study we examined global and regional relationships between cerebral blood flow (CBF) and the apparent diffusion coefficient (ADC) after cardiac arrest (CA), abusive head trauma (AHT), and traumatic brain injury (TBI) in children, and tested CBF:ADC as a predictor of neurological outcome.
	This retrospective chart review included children admitted to Children’s Hospital of Pittsburgh from 2/09-4/13 with CA, AHT, or TBI who received an MRI scan including arterial spin-labeling and ADC within 2 weeks of the initial injury. CBF and ADC values were analyzed globally and in 19 regions of interest (ROIs). Good outcome was defined as pediatric cerebral performance category ≤3 at discharge.
	This sample included 14 CA, 11 AHT, and 6 TBI patients. The AHT group was younger than the TBI group and less severely injured than both groups, having higher initial GCS, shorter hospital stays, and better outcomes. Negative correlations between CBF and ADC were found in roughly half of the ROIs; the CA group had the most frequent correlations. In a pooled analysis, low CBF:ADC in 12 of the ROIs predicted good outcome at hospital discharge.
	The CBF:ADC relationship suggests that ADC lesions have concurrent hyperperfusion. Furthermore, CBF:ADC is a moderate predictor of outcome after pediatric brain injury. This may represent an opportunity for therapeutic intervention as CBF is clinically modifiable.



Mesoscopic ex vivo diffusion tensor imaging of a hippocampus from a patient with uncontrolled temporal lobe epilepsy.

Michael Modo1,2,4,5*; T. Kevin Hitchens6, Jessie Liu2; Mark R. Richardson3,4

University of Pittsburgh, 1Department of Radiology, 2Department of Bioengineering, 3Department of Neurological Surgery, 4McGowan Institute for Regenerative Medicine, 5Centre for the Neural Basis of Behavior, Pittsburgh, Pennsylvania, USA; 6Carnegie Mellon University, Department of Biology, Pittsburgh, Pennsylvania, USA

The hippocampus has been identified as the ictal focus in many patients with uncontrolled temporal lobe epilepsy (TLE). It has been hypothesized that the underlying cause of TLE is due to subtle damage to the temporal lobe that leads to a reorganization of granule cells and mossy fiber sprouting which establishes aberrant connections that feed a recursive excitatory network. Indeed, synapses from mossy fibers have been found in stratum moleculare in patients with TLE. However, histologically it is not possible to map the connection back to the dentate gyrus. Diffusion tensor imaging provides a non-invasive method to visualize connectivity in the brain. However, its in vivo use is limited by a spatial resolution of approx. 2mm in each direction. This is insufficient to detect intra-hippocampal connectivity. We therefore here used an excised temporal lobe specimen from a patient with uncontrolled TLE and applied mesoscopic DTI (100 um isotropic resolution) at 11.7T to yield sufficient spatial resolution to visualize intrahippocampal connectivity. Using this approach, we have been able to document an aberrant connection between the dentate gyrus and the stratum moleculare, as well as validate mesoscopic MR histology using immunohistochemistry. This approach demonstrates a new approach to visualize the mesoscale to bridge the gap between macroscopic in vivo MR imaging and microscopic histological analyses.



Neuroimaging and optokinetics reveal changes in brain microstructure and visuomotor behavior following ocular hypertension

Yolandi van der Merwe1-4, B.Eng., Leon C. Ho1,2,5, B.Eng., Xiaoling Yang1,2, M.D., Michael B. Steketee1,2,3, Ph.D., Kevin C. Chan1-4, Ph.D.
1. Neuroimaging Laboratory, Department of Radiology, University of Pittsburgh, PA, United States
2. Department of Ophthalmology, School of Medicine, University of Pittsburgh 
3. McGowan Institute for Regenerative Medicine, University of Pittsburgh 
4. Department of Bioengineering, Swanson School of Engineering, University of Pittsburgh
5. Department of Electrical and Electronic Engineering, the University of Hong Kong, Hong Kong, China

Abstract
Background: Ocular hypertension (OHT) is often present in vision-related diseases like retinal ischemia and glaucoma. However, the pathophysiological events are not fully elucidated. Here, we used diffusion tensor imaging (DTI) and optokinetics to longitudinally analyze the microstructural integrity of the visual system and visuomotor behavior respectively in rats undergoing acute OHT.

Significance: Determining the changes in the injured visual system with DTI and optokinetics may help understand the disease mechanisms of OHT and provide an in vivo model system to test treatment strategies. 

Methods: Ten adult Long Evans rats received unilateral OHT in the right eye at 40mmHg (mild; n=6) or 90mmHg (severe; n=4) for 60 minutes. DTI was performed 3 and 7 days later using a 9.4 Tesla MRI scanner. Visuomotor behaviors were quantified before and 7 days after OHT with an OptoMotry virtual-reality system. 

Results: In both mild and severe groups, DTI showed significantly lower fractional anisotropy (FA) in the injured eye's right optic nerve (ON) compared to the opposite eye's uninjured ON by 5.3-12.5% and 7.6-13.6% respectively at day 3-7, whereas radial diffusivity (RD) was higher in the right ON by 10.4-12.9% and 20-32.2% respectively at day 3-7. The corresponding injured left optic tract (OT) also showed progressive FA decrease and RD increase to a similar extent in both groups. Visuomotor behavioral analysis showed significantly more deterioration in visual acuity in the right eye after severe OHT than mild OHT.

Conclusions: After acute OHT, progressive microstructural changes occurred in the visual system and the corresponding visuomotor behaviors deteriorated with severity of OHT. 



	






MR Studies of Epileptogenesis
Y Wu1, PS Pearce2, TK Hitchens3, A Rapuano4, N de Lanerolle4 and JW Pan2
1Development Biology, 2Neurology and Radiology Univ Pittsburgh, 3Pittsburgh NMR Center, 
and 4Neurosurgery Yale Univ SOM 

Background		The development of spontaneous recurrent seizures (epilepsy) is a complex process that commonly ensues after an initial cerebral insult. In humans, there is substantial variability in this, however the insult severity is known to influence the likelihood for subsequent epilepsy. Rodent models of this use a cerebral insult e.g., a chemoconvulsant such as kainic acid. We adapted the Hellier Dudek model of temporal lobe epilepsy to generate a range of status epilepticus duration, i.e., cerebral insult variability. We study this model 3 days after kainate-induced status using MR spectroscopy and T2 relaxometry at 7T. This time is chosen after acute recovery from status epilepticus and the process of epileptogenesis has been initiated.  
Significance		Our goals are to describe spectroscopic and imaging changes in epileptogenesis and investigate whether MR may predict the development of epilepsy.
Methods	The Hellier Dudek model was adapted to generate a variable status period (1.5, 2, 3hrs). 3days after status, animal were intubated and ventilated for 7T study. Localized hippocampal PRESS 1H MRS is acquired (8mm3).  LCM analysis was performed with metabolites taken as a ratio of total creatine.  Quantitative relaxometry and proton density were acquired (140um resolution).
Results	The data show significant decreases in NAA/tCr, and increases in ml/tCr, Lac/tCr, and Gln/tCr, which are consistent with the notion of neuronal injury accompanied by glial reaction. There are several significant correlations between metabolites, e.g., NAA/tCr is correlated with Glu/tCr. The T2 is greatly increased in amygdala and piriform cortex, indicating disseminated limbic system involvement.
Conclusions		Our data show that glial and limbic involvement after hippocampal neuronal injury. Regression analysis of the data shows that many of the metabolic changes are significantly correlated.
[image: ]Figure 1	A: Scout; the box indicates the approximate position and size of the 2x1.8x2.2mm voxel. B,C: TE10ms and TE40ms spectra from a kainate 3hr rat; D,E TE10ms and TE40ms spectra from a control rat. Each of the spectra B-E show the experimental (black), fitted (red), baseline (bottom) and residual (top of each of spectrum). F shows the LCM analysis of the spectrum.  G shows summary plots of all metabolites for control, 1.5hr, 2 hr, and 3-hr status seizure rats.  
H: Regression NAA/tCr vs Glu/tCt has R= 0.72, p<0.001. 

[image: T2 Figure2]
Figure 2	A. T2 map of a 3-hr seizure brain; B. T2 map with the pseudo-color. C: ROI os different brain regions. D: summary plots of T2 in different regions for control, 1.5hr, 2 hr, and 3-hr status seizure brains.


Automated pipeline for processing and analyzing MR Spectroscopic Imaging data

Victor E. Yushmanov1, Claudiu Schirda1, Hoby P. Hetherington1, Jullie W. Pan2
MRRC, Departments of 1Radiology and 2Neurology, University of Pittsburgh, Pittsburgh, PA




Background and Significance: 
The interest in automated spectral processing for MR spectroscopic imaging (SI) is driven by the need of standardized, easy-to-execute and rapid protocols.  This has been notoriously elusive because of many steps needing professional judgment. 

Methods:
Human brain SI (24x24 matrix dimensions) was performed at 3T (Siemens Trio) and 7T (Siemens Magnetom).  Data were acquired using a 32-channel head coil with body transmitter (at 3T), or an 8-channel transceiver array (at 7T).  The 3T data were acquired in 19 min using a multi-band excitation (four 10-mm-thick 240-mm-FOV SI slices positioned over the fronto-parietal and temporal lobes spanning 48 mm; nominal voxel size was 1 cm3) shimmed with B0-loop encoded readout (Bolero).  Spectral processing was performed using LCModel software run under Linux [1] using custom-created 12-15-compound basis sets.  Spectral reconstruction, analysis and plotting were performed using MATLAB codes written in-house and (for steps 4 and 5 below) custom-created MS Excel macros. 

Results:
The protocol consisted of the following steps: 1) reconstruction and channel recombination; 2) inverse FT to create the time-domain data for LCModel input; 3) multivoxel SI analysis by LCModel and output of the spectra, fits and metabolite tables; 4) automatic selection of voxels with acceptable fit quality and minimal baseline distortions and lipid+macromolecules contamination for further analysis; 5) calculation of metabolite ratios (such as total NAA/Cr or total NAA/total Ch); and 6) manipulating and plotting the spectra, fits and individual metabolites for the entire SI slice or for individual voxels. 

Conclusions:
Reliable automated protocols for MRSI of human brain with minimal operator intervention have been developed, refined and tested.  Not surprisingly, the key limitation in the analysis is data quality, based on SNR and lipid suppression.  This methodology will be integrated with estimation of abnormality significance based on tissue content (gray matter fraction) as ascertained from tissue segmentation.

References:
1. Provencher S. Magn Reson Med 30, 672 (1993).


Reliable NeuroElectric Functional Imaging
Don Krieger, James T. Becker, Walter Schneider, Ava Puccio, 
Malcolm McNeil, Paul Shepard, Xin Li, David O. Okonkwo

This work was supported by the National Institutes of Health (MH098745, MH081721), the Department of Defense (13154004), the Extreme Computing Consortium (IBN130001), and the Open Science Grid.

Objective: 
Measurement error is universally utilized to solve the equations for processing magnetoencephalographic (MEG) recordings.  The referee consensus (RC) cost function (Krieger et al, 2013[footnoteRef:1],  2014[footnoteRef:2]) is instead computed in the source space.  This enables solution for each candidate source neighborhood one at a time with high statistical confidence (threshold p-value=10-12).  Results from this new method were tested (1) for sensitivity to brain state and brain region and (2) for test/retest reliability. [1:  Krieger D, McNeil M, Zhang J, Schneider W, Li X, Okonkwo DO. Referee Consensus: A Platform Technology for Nonlinear Optimization. Proceedings of the 2013 Proceedings of the Conference on Extreme Science and Engineering Discovery Environment: Gateway to Discovery, #12, 2013.
]  [2:  Krieger D, McNeil M, Zhang J, Puccio A, Schneider W, Li X, Okonkwo DO. Very high resolution neuroelectric brain imaging by referee consensus processing. Intl J Advd Comp Sci (4)1: 15-25. Jan 2014, PDF.
] 


Method and Results:
Application of the new method to unfiltered unaveraged MEG consistently identified 100-1800 simultaneously active current sources.  3 independent measures were computed for sources anatomically confined to each of 94 cortical and 26 subcortical regions.  This demonstrated (1) effective automatic identification and rejection of noise, (2) left vs right and resting state vs task regional differential activation (threshold p-value=10-4), and (3) high test-retest reliability both within a single testing session (all individuals) and between testing sessions 6 months apart (many individuals).

Discussion:
Our ongoing effort is to identify correspondences between regional differential activation and neuropsychological measures.  Hence the millimeter/millisecond resolution provided by the method for each identified source is not explicitly used here.  But this high resolution information will likely prove useful in study of more transient neural events, particularly when fused with tractography to obtain measures of transient functional coupling/connectivity between regions, direction and propagation velocity of volleys of action potentials between regions, and regional excitability. 



Evaluation of MT Asymmetry in Cartilaginous Tissue
   1Wen Ling, 1Tao Jin, 2Rob Hartman, 2Nam Vo, 2Gwendolyn Sowa, *2James Kang, *1Michel Modo, *1Ty Bae
1Dept. of Radiology; 2Dept. of Orthopaedic Surgery
Target Audience: Musculoskeletal radiologists/researchers.
Purpose: The successful application of CEST (chemical exchange saturation transfer) clinically requires accurate knowledge of MTasym (magnetic transfer asymmetry) in the specific tissue of interest. To provide this basis in cartilaginous tissue, e.g. articular cartilage or intervertebral disc,MTasym in these tissues has been evaluated as a function of various RF power using a9.4T scanner.
[image: MTaym_Spine]
[image: MTasym_Cartilage]
Fig.2 (a) z-Spectra and PTR (Eqn[1]) of nucleus pulposus in rabbit disc; (b) z-spectra and PTR of bovine cartilage.

Theory: Tao et al. developed a new theoretical framework for CEST applicationthat demonstrates that CEST can be conducted through spin-lock (SL) T1 technique with toggle on/off and a pre-inversion pulse (iTIP CEST). This approach provides quantitative measurement instead of relative ratios by classic CEST method. Moreover, the resultant quantitative data has no contribution from MT provided that MT is symmetric relative to water frequency.
 Similar to classic CEST, iTIP CEST’s contrast can be assessed as PTR (proton transfer rate) from the difference between magnetization MiTIP (Fig.1a) measured at the labile proton frequency  (label frequency) and at the reference frequency of -, which is referred to as the asymmetry analysis:
			[1]
where TSL is the duration of SL. Tao et al has demonstrated that Eqn[1] has the explicit analytical form only depending on chemical exchange parameters and RF parameter ω1, and does not have relaxation terms.
Method: Bovine cartilage (n=3) and rabbit disc (n=3) were scanned within 2 hours of sacrifice on a 9.4 T Varian scanner equipped with Agilent VNMRJ 3.2 software. The SL approach with ω1/duration = 0.47T/2000ms (NOE, APT), 1T/500ms (gagCEST), 3.75T/300ms (gagCEST), 4.2T/300ms (gagCEST), 7.5 T/500ms (gluCEST) were applied on bovine cartilage and rabbit disc. The saturation offsets ranging from -30 ppm to 30ppm with a step of 0.5 ppm were conducted on each parameter pair of ω1/duration. Thk = 1mm, TR/TE = 3000ms/7ms. 
Results & Discussion:
Compared to classic CEST, iTIP CEST expressed as Eqn[1] only minimizes steady state contribution. It should not have influence on MTasym. Several pair (ω1/duration) of commonly applied CEST parameters for NOE, APT, gagCEST, gluCEST have been tested on either/both
rabbit disc and bovine cartilage, within which the parameters for NOE and APT produce MTaym, as  occurred in brain (Fig.1b). For ω1 larger than 3.75T, no obvious MAasym has been detected (Fig.1b,1c). Since both of them have contribution predominantly from the process with slow rate of transferring magnetization, the mechanism that causes MTasym is unlikely from collagen matrix, which has much faster exchange rate of transferring magnetization. This explanation also helps to explain why all parameter-pairs with shorter pulse duration tend to have no MTasym effect. 
Conclusion: CEST application to cartilaginous tissue may avoid confounding MTasym effects by choosing higher RF power and shorter RF duration. Moreover, the plausible conclusion that MT from collagen matrix does NOT produce MTasym in cartilaginous tissue is significant, because MT is strong in cartilage. This result may be further improved if the major components of cartilage are tested in a well-defined manner.
Quantitative Sodium MR Imaging of Native versus Transplanted Kidney 
Using a Dual-tuned proton/sodium (1H/23Na) Coil - Initial Experience

Chan Hong Moon, Ph.D., 1,* Alessandro Furlan, M.D.,1,* Jung-Hwan Kim, B.S.,1, 2 Tiejun Zhao, Ph.D.,3 Ron Shapiro, M.D.,4 and Kyongtae Ty Bae, M.D., Ph.D.1,2

1 Department of Radiology, University of Pittsburgh, 3362 Fifth Ave., Pittsburgh, PA 15213, USA; 2 Department of Bioengineering, University of Pittsburgh, 300 Technology Dr., Pittsburgh, PA 15213, USA; 3 MR R&D Collaborations, Siemens Medical Solutions USA, Inc., 3501 Fifth Ave., Pittsburgh, PA 15213, USA; 4 Department of Surgery, Thomas E. Starzl Transplantation Institute, UPMC Montefiore 7S, 3459 Fifth Ave., Pittsburgh, PA 15213, USA

Objectives: To compare quantitative sodium (23Na) characteristics between native and transplanted kidneys using dual-tuned proton (1H)/sodium magnetic resonance (MR) imaging.
Materials and Methods: Six (4M, 2F) healthy volunteers and six (3M, 3F) renal transplant patients (3 normal function, 3 acute allograft rejection) were included in the study.  Proton/sodium MR imaging was obtained at a 3-Tesla scanner using an in-house dual-tuned 1H/23Na coil. Signal to noise ratio (SNR), sodium concentration ([23Na]) and cortico-medullary sodium gradient (CMSG) were measured. Reproducibility of renal [23Na] measurement was also tested. Mean SNR, [23Na] and CMSG of the native and transplanted kidneys were compared using two-tailed t-test. 
Results: Proton and sodium images of kidneys were successfully acquired. SNR and [23Na] measurements of the native kidneys were reproducible: SNR – 22.2  4.8 (1st session) vs. 22.4  4.2 (2nd session), P = 0.917; [23Na] – 192.9  9.6 vs. 187.3  4.7 mM, P = 0.173. [23Na] and CMSG of the transplanted kidneys was significantly lower than those of the native kidneys: 153.5  11.9 vs. 192.9  9.6 mM (P = 0.002) and 8.9  1.5 vs. 10.5  0.9 mM/mm (P = 0.041), respectively. [23Na] and CMSG of the transplanted kidneys with normal function vs. acute rejection were not statistically different.
Conclusions: Sodium quantification of kidneys was reliably performed using a proton/sodium MR imaging. [23Na] and CMSG of the transplanted kidneys were lower than those of the native kidneys, but without a statistically significant difference between patients with or without renal allograft rejection.



Title: Convergence of superior parietal, orbitofrontal, and lateral prefrontal inputs into the human striatum

Authors: Kevin Jarbo1,2 & Timothy Verstynen1,2
1 Dept. of Psychology, Carnegie Mellon University 2 Center for the Neural Basis of Cognition, Carnegie Mellon University

Background:

Modification of spatial attention via reinforcement learning (Lee & Shomstein, 2013) requires the integration of reward, attention, and executive processes. The globally parallel (Alexander, De Long, and Strick, 1985), but locally overlapping (Haber, 2003) topographical organization of the striatum makes corticostriatal pathways an ideal substrate for integration. Here, we explored whether there are unique striatal regions that exhibit convergent anatomical connections from orbitofrontal (OFC), dorsolateral prefrontal (DLPFC), and posterior parietal cortex. 

Significance:

While histological studies of nonhuman primates have shown overlapping frontal and parietal inputs into the striatum, this pattern of connectivity has not been shown in humans. The observation of convergent corticostriatal projections may delineate a mechanism for cortical information integration that drives learning.

Methods:

Deterministic fiber tractography was implemented on diffusion spectrum imaging data from 60 neurologically healthy adults. Functional connectivity analyses were performed on corresponding resting state fMRI data.

Results: 

Corticostriatal projections were organized in rostral-caudal and medial-lateral gradients. Also, bilateral convergence zones were identified in each nucleus that consisted of voxels with OFC, DLPFC, and parietal projections. Functional connectivity analyses confirmed the distributed cortical connectivity of the convergence zones, and showed a high percentage (60-73%) of voxels had significant structural and functional connectivity.

Conclusions:

These results confirm corticostriatal projection topography not shown previously in humans. Furthermore, the significant structural and functional connectivity of the convergence zones delineate a neurologically plausible network of converging corticostriatal projections that may support the integration of reward, executive control, and spatial attention that occurs during spatial reinforcement learning.
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